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PREFACE TO THE FOURTH EDITION.

The fourth edition of Cunningham's Text-look of Anatomy has lacked during its

preparation the able guidance of its original editor, but the various contributors

have attempted to maintain the standard of excellence which was Professor

Cunningham's ideal.

The deaths of Professor Cunningham, Professor Birmingham, and Professor

A. H. Young have necessitated changes in the authorship of several of the articles.

Every section has been fully revised ; some have been partially and others

have been completely rewritten.

In the majority of the sections numerous additional illustrations have been

added, or the original illustrations have been replaced by new figures better

adapted to their purpose, and colour has been largely used, particularly in diagrams.

The sections originally written by Professor Cunningham were the Central

Nervous System, the Eespiratory System, and the Ductless Glands. The account

of the Central Nervous System has been revised and largely rewritten by

Professor Elliot Smith of Manchester. The Eespiratory System has been revised

and partly rewritten by Professor Berry of Melbourne ; and the section dealing

with the Ductless Glands has been rewritten by Professor A. Campbell Geddes

of Dublin.

The description of the AUmentary System, originally written by Professor

Birmingham, has been revised and partially rewritten by Professor Waterston of

King's College, London.
^

With regard to the sections dealing with General Embryology and the

Vascular System, in the original preparation of which I was associated with my
senior colleague and friend. Professor A. H. Young, I have completely rewritten

the account of General Embryology, and have revised and partially rewritten the

account of the Vascular System.

It may be found, where the sections written by various authors overlap one

another, that there occur, in this as in previous editions, different accounts of

certain phenomena concerning which our knowledge is still in an indefinite stage,

and it must be understood that the authors of the various sections are solely

responsible for the opinions expressed in their own sections.

The Basle anatomical terminology has been adopted throughout, except in

those cases where the results of recent researches have shown that the terms of

that nomenclature are incorrect, oj where the terms themselves did not conform

with the principles of the terminology.

It is scarcely necessary, to-day, to urge reasons for the use of the Basle

nomenclature, for it is now generally recognised, not only that it is based on



PREFACE. vii

sound general principles, but also that it is, ut the same time, less cumbrous and

more detinitely instructive than tiie terminology previously in use in this country.

One of the recognised iunctions of a preface is to give the editor the

opportunity of expressing his thanks to those who l)ave assisted in the production

of the work, and I gladly avail myself of this function.

My thanks are due to all the authors fur their courtesy and consideration. To

Mr. J. Keogh Murphy, F.R.C.S., for the preparation of an extremely useful glossary

and index, and for ever-ready help and many valuable suggestions. To Dr. E. B.

Jamieson for assistance in the revision of the text, and for the preparation of

specimens from which some of the new illustrations were made.

I am also greatly indebted to Professor Keibel, and to Mr. Gustav Fischer of

Jena for permission to copy eight figures from Korvientajien zur Entvncklungs-

geschichte des Menschen ; to Professor Gustav Eetzius for permission to use

figures from his monographs ; and to Professors Mall, Felix, and Tandler for

permission to utilise the results of their work in the preparation of diagrams.

Most of the new figures in this edition have been drawn by Mr. J. T.

Murray with his usual skill and appreciation, and the remainder have been prepared

by Mr. Frank Putterworth from designs made by the authors of the articles in

which the figures appear.

ARTHUR EOBINSOX.

Edinburgh, April 1913.

PEEFACE TO THE FOURTH EDITION, REVISED.

The wh(de of the text of this edition has been carefully revised, and alterations

which seemed to be necessitated by advancing knowledge have been made.

As in the case of the fourth edition I am greatly indebted to Dr. E. B.

Jamieson for his invaluable assistance.

ARTHUR ROBINSON.

October 6. 1914.

PREFACE TO THE FOURTH EDITION, THIRD
IMPRESSION, REVISED.

The whole of the text has again been revised, and mistakes to which attention has

been directed have been corrected.

Notes have been appended to some of the sections drawing attention to the

bearing of recent observations on statements made in the text.

Parts of the Vascular System have been rewritten, and in that section some of

the old figures have been replaced, partly by drawings made by Mr. J. T. Murray

from recent dissections, and partly by diagrams illustrating points not well shown

by dissections.

I am indebted for the dissections from which the drawings were made to

Dr. E. 1>. Jamieson and Mr. A. R. Maclean.

ARTHUR ROBINSON.

June 8, 1917.
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XVlll GLOSSARY.

THE BONES.

B.N. A. Terminolouy.

VertebrsB

Fovea costalis

superior

Fovea costalis interior

Fovea costalis trans-

versalis

Radix arcus vertebrre

Atlas
Fovea deutis

Epistroplieus

Dens

Sternum
Corpus steriii

Processus xiphoideus

Incisura jugularis

Planum sternale

Ossa Cranii.

Os frontale

Spina frontalis

Processus zygomati-

cus

Facies cerebralis

Facies frontalis

Pars orbitalis

Os parietale

Linese temporales

Sulcus transversus

Sulcus saffittalis

Os occipitale

Canalis hypoglossi

Foramen occipitale

magnum
Canalis condyloideus

Sulcus transversus

Sulcus sagittalis

Clivus

Linea nuchre suprema
Linea nuclifc sujjerior

Linea nuchce inferior

Os sphenoidale
Crista infratemporalis

Sulcus chiasmatis

Crista splienoidalis

Spina angularis

Lamina medialis jiro-

cessus pterygoidei

Lamina lateralis jiro-

cessus pterygoidei

Canalis pterygoideus

[Vidii]

Fossa hypophyseos

Old Terminology.

Vertebrae
Incomplete facet for

bead of rib, upper
Incomplete facet for

head of rib, lower

Facet for tubercle of

the rib

Pedicle

Atlas
Facet for odontoid

process

Axis
Odontoid process

Sternum
Gladiolus

Eusiforni process

Supra-sternal notch

Anterior surface

Bones of Skull.

Frontal
Nasal s^Jine

External angular

process

Internal surface

Frontal surface

Orbital plate

Parietal

Temporal ridges

Groove for lateral

sinus

Groove for sup. longi-

tudinal sinus

Occipital

Anterior condyloid

foramen

Foramen magnum

Posterior condyloid

foramen

Groove for lateral

sinus

Groove for sup. long.

sinus

Median part of upper

surface of basi-occi-

pital

Higliest curved line

Hujterior curved line

Inferior curved line

Sphenoid.

Pterygoid ridge

Optic gi'oove

Ktbmoidal crest

Spinous process

Internal pterygoid

plate

External pterygoid

plate

Vidian canal

Pituitary fossa

B.N. A. Terminology.

Sulcus caroticus

Conchte spbenoidales

Hamulus ptery-

goideus

Canalis pharyngeus

Tuberculum selbii

Fissura orbitalis

superior

Os temporale
Canalis facialis [Fal-

lopii]

Hiatus canalis facialis

Vagina processus sty-

loidei

Incisura mastoidea

Impressio trigemini

Eminentia arcuata

Sulcus sigmoideus

Fissura petrotym-

panica

Fossa mandibularis

Semicanalis tubre
auditivse

Os ethmoidale
Labyrinthus etli-

moidalis

Lamina papyracea

Processus uncinatus

Os lacrimale

Hamulus laurimalis

Crista lacrimalis pos-

terior

Os nasale

Sulcus ethmoidalis

Maxilla

Facies anterior

Facies infratempor-

alis

Sinus maxillaris

Processus frontalis

Processus zygomati-

cus

Canales alveolares

Canalis naso-laeri-

malis

Os incisivum

Foramen inci.sivum

Os palatinum
Pars jierjieiidiculaiis

Crista conclialis

Crista etbmoidalis

Pars horizontalis

Old Terminology.

Cavernous gi'oove

Sphenoidal turbinal

bones

Hamular process

Pterygo - palatine

canal

Olivary eminence

Sphenoidal fissure

Temporal Bone
Aqueduct of Fal-

lopius

Hiatus Fallopii

Vaginal process of

tympanic plate

Digastric fossa

Impression for Gas-

serian ganglion

Eminence for sup.

semicircular canal

Sigmoid fossa.

Glaserian fissure

Glenoid cavity

Eustachian tube

Ethmoid
Lateral mass

Os planum
Unciform process

Lachrymal Bone
Hamular process

Lachrymal crest

fTasal Bone
Groove for nasal

nerve

Superior Maxillary
Bone

Facial or external

surface

Zygomatic surface

Antrum of Highmore
Nasal process

Malar process

Posterior denial

canals

Lachrymal groove

Premaxilla

Anterior jjalatine

foramen

Palate Bone
Vertical plate

Inferior turbinate

crest

Superior turbinate

crest

Horizontal plate
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B.N. A. TEKMI.NOI.OIiY.

Os zygomaticam
I'rocessus temporalis

I'rocessiis tVoiito-

splienoidulis

Foramen zygoma-
tico-orbitale

Foramen zygomatico-

faciale

Mandibula

Spina mentiilis

Linea obliqua

Linea mylohyoidea..

Incisura niandibulae

Foramen mandibulare

Canalis mandibuliE

I'rotuberantia men-
talis

<)I,U TKK.MI.NUr.lMlY.

Malar Bone
Zygomatic process

Frontal process

Temporo-malar canal

Millar foramen

Inferior Maxillary
Bone

(ienial tnliercle or

spine

Kxternal oblique line

Internal oblique line

Sigmoid notch

Inferior dental foia-

men
Inferior dental canal

Mental process

The Skull as a Whole.
Ossa suturarum
Foveolte granulares

(Pacchioni)

Fossa pterygo-pala-

tina

Canalis pterygo-

palatinus

Foramen laceruni

Choanse

Fissura orbitalis su-

perior

Fissura orbitalis in-

ferior

Wormian bones

Pacchionian depres-

sions

Spheno-maxillary

fossa

Posterior palatine

canal

Foramen laceruni

medium
Posterior uares

Sphenoidal fissure

Spheno-ma.\illary

fissure

Clavicula

Tuberositas coracoi-

dea

Tuberositas costalis

Scapula
Incisura scapularLs

Angulus lateralis

Angulus medialis

Humerus
Sulcus iutertubercu-

laris

Crista tuberculi

majoris

Crista tuberculi

minoris

Facies anterior medi-

alis

Facies anterior later-

alis

Margo medialis

Margo lateralis

Sulcus nervi radialis

Capitulum

Epicondylus medialis

Epicondylus lateralis

Ulna
Incisura semilunaris

Upper Extremity.
Clavicle

Impression for conoid

ligament

Impression for rhom-

boid ligament

Scapula
Supra-scapular notch

Anterior or lateral

angle

Superior angle

Humerus
Bicipital gi'oove

External lip

Internal lip

Internal surface

External surface

Internal border

External border

Musculo-spiral groove

Capitellum

Internal condyle

External condyle

Ulna
Greater sigmoid

cavity

IJ. N.A. TKUMi.\o(,<Miv.

Incisura radialis

Crista interosseu

Facies dorsalis

Facies volaris

Facies medialis

Margo dorsalis

Margo volaris

Radius
Tuberositas radii

Incisura ulnaris

Crista interossea

Facies dorsalis

Fiicies volaris

Facies lateralis

Margo dorsalis

Margo volaris

Carpus
Os naviculare

Os lunatum
Os triquetrum
Os multangulum

majus
Os multangulum

minus
Os capitatum
Os hamatum

Old TEi«MiM»i,o(;r.

Lesser sigmoid cavity

External or interos-

seous border

Posterior surface

Anterior surface

Internal surface

Posterior border

Anterior border

Radius
Bicipital tuberosity

Sigmoid cavity

Internal or interos-

seous border

Posterior surface

Anterior surface

External surface

Posterior border

Anterior border

Carpus
Scaphoid
Semilunar
Cuneiform
Trapezium

Trapezoid

Os magnum
Unciform

Lower Extremity.

Os coxae

Linea glut;ea an-

terior

Linea glutiea pos-

terior

Spina ischiadica

Incisura ischiadica

major
Incisura ischiadica

minor
Tuberculum pubicum

Ramus inferior ossis

pubis

Ramus superior ossis

pubis

Ramus superior ossis

ischii

Ramus inferior ossis

ischii

Pecten ossis pubis

Facies symphyseos

Pelvis
Pelvis major

Pelvis minor

Apertura pelvis min-

oris superior

Linea terminalis

Apertura pelvis min-

oris inferior

Femur
Fossa trochanterica

Linea intertrochan-

terica

Crista intertrochan-

terica

Innominate Bone
Middle curved line

Superior curved line

Spine of the ischium

Great sacro-sciatic

notch

Lesser sacro-sciatic

notch

Spine of pubis

Descending ramus of

pubis

Ascending ramus of

pubis

Body of ischium

Ramus of ischium

Pubic part of ilio-

pectineal line

Symphysis pubis

Pelvis

False pelvis

True pelvis

Pelvic inlet

Margin of inlet of

true pelvis

Pelvic outlet

Femur
Digital fossa

Spiral line

Post, intertrochan-

teric line
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B.N. A. Terminology.

Meniscus medialis

Plica synovialis patel-

laris

Plicie alares

Articulatio tibio - fibu-

laris

Lig. capituli iibulu.*

Syndesmosis tibio-fibu-

laris

Lig. deltoideuin

Lig. talo - fibulare au-

terius

Lig. talo-fibulare. pos-

terius

Oi.u Tehminoloot.

Internal sennlunar

cartilage

Lig. mucosum

Liganicnta alaria

Superior tibio - fibular

articulation

Anterior and posterior

superior tibio-fibular

ligaments

Inferior tibio - fibular

articulation

Internal lateral liga-

ment of ankle

Anterior fasciculus of

external lateral liga-

ment
Posterior fasciculus of

external lateral liga-

ment

B.N. A. Terminology.

Lig. calcaneo- fibulare

Lig. talo - calcancum

laterale

Lig. talo - calcaneuin

mediate

Lig. calcaneo - navi-

culare plantare

Lig. talo-naviculare

Pars calcaneo- 'v ,.^

navicularis
| ,

.'

Parscalcaneo-

cuboidea

bifur-

catum

Old Terminology.

Middle fasciculus of

external lateral liga-

ment.

External caleaneo-

astragaloid liga-

ment

Internal calcaneo-

astragaloid liga-

ment

Inferior calcaneo -

navicular ligament

Astragalo - scaphoid

ligament

Superior calcaneo - sca-

l)hoid ligament

Internal calcaneo-cu-

boid ligament

THE MUSCLES.

Muscles of the Back.

Superficial.

Levator scapulse Levator anguli scapulae

Muscles of the Chest.

Serratus anterior Serratus magnus

Muscles of Upper Extremity.

Biceps brachii

Lacertus fibrosus

Brachialis

Tricej)s brachii

Caput mediale

Caput laterale

Pronator teres

Caput ulnare

Brachio-radialis

Supinator

Extensor carpi radi-

alis lougus

Extensor carpi radi-

alis brevis

Extensor indicis pro-

prius

Extensor digiti quiuti

proprius

Abductor poUicis

longus

Abductor pollicis

brevis

Extensor pollicis

brevis

Extensor pollicis

longus

Lig. carpi transversum

Lig. carpi dorsale

Biceps

Bicipital fascia

Brachialis anticus

Triceps

Inner head

Outer head

Pronator radii teres

Coronoid head

Supinator longus

Supinator brevis

Extensor carpi radialis

longior

Extensor carpi radialis

brevior

Extensor indicis

Extensor minimi
digiti

Extensor ossis meta-

carpi pollicis

Abductor pollicis

Extensor primi intcr-

nodii pollicis

Extensor secundi

iuternodii pollicis

Anterior annular

ligament

Posterior annular

ligament

Muscles of Lower Extremity.

Trigonum femorale

(fossa Scarpae ma-

jor)

Canalis femoralis

Annulus femoralis

M. quadriceps

femoris

—

Rectus femoris

Vastus lateralis

Vastus intermedius

Vastus medialis

M. articularis genu

Tibialis anterior

Tendo calcaneus

Tibialis posterior

Quadratus plantae

Lig. transversum

cruris

Lig. cruciatum cruris

Lig. laciniatum

Retinaculum muscu-

lorum peronoeoruni

superius

Retinaculum muscu-

lorum peronicorum

inferius

Scarpa's triangle

Crural canal

Crural ring

Quadriceps—

Rectus femoris

Vastus externus

Crureus

Vastus in ternus

Subcrureus

Tibialis anticus

Tendo Achillis

Tibialis posticus

Accessorius

Upper anterior an-

nular ligament

Lower anterior an-

nular ligament

Internal annular liga-

ment

External annular

ligament

Tensor fasciie latae

Canalis adductorius

(Hunteri)

Tensor fascia' femoris

Hunter's canal

Serratus posterior

superior

Serratus posterior in-

ferior

Splenius cervicis

Sacro-spinalis

Ilio-costalis—

Lumborum
Dorsi

Cervicis

Longissimus

—

Dorsi

Cervicis

Capitis

Axial Muscles.

Muscles of the Back.

Serratus posticus

superior

Serratus posticus in-

ferior

Splenius colli

Erector spinae

Ilio-costalis

—

Sacro-lumbalis

Accessorius

Cervicalis ascendens

Longrissimas

—

Dorsi

Transversalis cervicis

Trachelo-mastoid
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1

THK ^NERVOUS SYSTEM.

Spinal Medulla.

B.N. A. Tkh,min()I.()(;v.

Fasciculus anterior pro-

prius (Flechsig)

Fasciculus lateralis

l)ro}>rius

Nucleus dorsalis

I'ars tlioracalis

Old Tkuminoujuy.

Auterior ground or

basis bundle

Lateral grovind bundle

Clarke'.s coluuui

Dorsal ]iart oi' sj)iiial

medulla

Paramedian furrowSulcus intermedius

])osterior

The Brain or Eucephalon is divided into [larts as follows

B.N. A. Tkkminulogy.

Column;uanteriores,etc.

Fasciculus cerebro -

spinalis anterior

Fasciculus cerebro -

spinalis lateralis

(pyramidalis)

Fa.sciculus cerebelio

-

si)inalis

Fasciculus antero-later-

alis superHcialis

Oi.D Tkumi.volocv.

Anterior grey horns, etc.

Direct pyramidal tract

Crossed

tract

pyramidal

Direct cerebellar tract

(•owers' tract

RHOMBENCEPHALON = Myelencei)lialon (medulla oblongata) (after-brain) lo * • -i
Meteucei.halon (pons and cerebelluu,) (hind-brain)

/Posterior primary vesicle.

Mesencephalon (mid-brain—peduncles, corpora quadrigemina, etc.— ) Middle primary vesicle

CEREBRUMS

'Diencephalon =

(inter-brain)

Thalainencephalon

, Thalamus (optic thalamus).

-Metathalamus (geniculate bodies).

Epithalamus (i)ineal body, etc.).

PROSENCEPHALON
j

(fore-braiii)

Telencephalon

Mamillary portion of hyimthalamus.

\_
Posterior part of 3rd veutricle.

Optic portion of hypothalamus (hypophysis).

x^ Optic nerves.

Anterior part of 3rd ventricle.

Pallium (cortex cerebri).

Lateral ventricles.

Brain.

Rhombencephalon
Eiainentia medialis

Ala cinerea

Area acustica

Nucleus nervi ab-

ducentis

Nuclei n. acustici

Fasciculus lougi-

tudiualis medialis

Corpus trapezoideum

Incisura cerebelli

anterior

Incisura cerebelli

posterior

Sulcus horizontalis

cerebelli

Lobulus centralis

Folium vermis

Tuber vermis

Lobulus quadrangu-
laris

Brachium conjuncti-

vum cerebelli

Brachium pontis

Restiform body

Lobulus semilunaris

superior

Lobulus semilunaris

inferior

Eniinentia teres

Trigonum vagi

Trigonum acus-
ticum

Nucleus of 6th nerve

Auditory nucleus

Posterior longitudinal

bundle

Corpus trapezoides

Semilunar notch (of

cerebellum)

Marsupial notch

Great horizontal tis-

sure

Jjobus centralis

Folium cacuminis

Tuber valvule

Quadrate lobule

Superior cerebellar

peduncle

Middle cerebellar

peduncle

Inferior cerebellar

peduncle

Postero - superior
lobule

Postero - inferior

lobule

Cerebrum
Pedunculus cerebri

CoUiculus superior

CoUiculus inferior

Aquseductus cerebri

Foramen interven -

triculare

Hypothalamus
Sulcus hypothalami-

cus

Massa intermedia

Fasciculus thalamo-

maiuillaris

Pars opercularis

Thalamus
Pallium

Gyri transitivi

Fissura cerebri later-

alis

Gyrus temporalis su-

perior

Gyrus temporalis
medius

Gyrus temporalis in-

ferior

Sulcus centralis (Ro-

landi)

Sulcus temporalis su-

perior

Crus cerebri

Anterior corpus
quadrigeminum

Posterior corpus
quadrigeminum

Iter e tertio ad quar-

tum ventriculum,

oraqued. of Sylvius

Foramen of Monro

Subthalamic region

Sulcus of Monro

Middle commissure

Bundle of Vicqd'Azyr

Pars basilaris

Optic thalamus

Cortex cerebri

Annectant gyri

Fissure of Sylvius

First temporal gyrus

Second temporal
gyi-us

Third temporal gyrus

Fissure of Rolando

Parallel sulcus



XXIV GLOSSAKY

B.N. A. Terminology.

Sulcus temporalis me-
dius

Sulcus circularis

Sulcus temporalis in-

ferior

Gyrus fusiformis

Sulcus interparietalis

Sulcus corj)oiis callosi

Sulcus cinguli

Fissura hippocampi
Gyrus cinguli

Stria terminalis

Trigonum coUaterale

Hippocampus
Digitationes liippo -

campi
Fascia dentata liij^po-

campi
Columna fornicis

Septum pellucidum

Cornu inferius

Commissura hippo-

campi
Nucleus lentiformis

Pars frontalis capsulcC

internse

Pars occipitalis cap-

sulse internae

Kadiatio occipito -

thalamica

Radiatio corporis
callosi '

Pars frontalis

Pars occipitalis

Old Tekminologt.

Second temporal sul-

cus

Limiting sulcus of

Reil

Occipito -tempo r a 1

sulcus

Occipito -temporal
convolution

Intraparietal sulcus

Callosal sulcus

Galloso-marginal fis-

sure

Dentate fissure

Callosal convolution

Taenia semicircularis

Trigonum veutriculi

Hippocampus major

Pes hippocampi

Gyrus dentatus

Anterior pillar of

fornix

Septum lucidum
Descending horn of

lateral ventricle

Lyi'a

Lenticular nucleus

Anterior limb (of

internal capsule)

Posterior limb (of

internal capsule)

Optic radiation

Radiation of corpus

callosum

Forceps minor
Forceps major

Membranes of Brain.

Cisterna cerebello-me-

dullaris

Cisterna interpeduncu-

laris

Granulationes arachnoi-

deales

Tela chorioidea veu-

triculi tertii

Tela chorioidea vcn-

triculi quarti

Cerebral

N. oculomotorius

N. trochlearis

N. trigeminus

Ganglion semi-
lunare (Oasseri)

N. naso-ciliaris

N. maxillaris

N. meningeus (me-

dius)

N. zygomaticus

Rami alveolares
superiores i)OS -

teriores

Rami alveolares su-

periores medii

Cisterna magna

Cisterna basalis

Pacchionian bodies

Velum interpositum

Tela choroidea inferior

Nerves.

Third nerve

Fourth nerve

Fifth nerve

Gasserian ganglion

Nasal nerve

Superior ma.xillary

nerve

Recurrent menin-
geal nerve

Temporo - malar
nerve

Posterior superior

dental

Middle superior
dental

B.N. A. Terminology.

Rami alveolares
superiores an-

teriores

Ganglion spheno-

palatinum

N. palatinus me-
dius

N. mandibularis

Nervus spinosus

N. alveolaris in-

ferior

N. abducens

N. facialis

N. intermedius

N. acusticus

Ganglion superius

N. recurrens

Ganglion jugulare

Ganglion nodosum

Plexus cesophageus^

anterior
[

Plexus oesophageus
j

posterior J

Nervus accessorius

Ramus internus

Ramus externus

Old Terminology.

Anterior superior

dental

Meckel's ganglion

External palatine

nerve

Inferior maxillary

nerve

Recurrent nerve

Inferior dental

Sixth nerve

Seventh nerve

Pars intermedia of

Wrisberg
Eighth or auditory

nerve

Jugular ganglion of

9th nerve

Recurrent laryngeal

nerve

Ganglion of "j

root I of

Ganglion of
j
vagus

trunk J

Plexus gulae

Spinal accessory

Accessory portion

of spinal accessory

nerve

Spinal portion

Spinal Nerves.

Rami posteriores

Rami anteriores

N. cutaneus colli

Nn. supraclaviculares

anteriores

Nn. supraclaviculares

medii

Nn. supraclaviculares

posteriores

N. dorsalis scapula

Nn. intercosto -

brachiales

N. thoracalis longus

N. thoraco-dorsalis

N. cutaneus brachii

medialis

N. cutaneus brachii

lateralis

Fasciculus lateralis

Fasciculus medialis

N. cutaneus anti-

brachii lateralis

N. cutaneus anti-

brachii medialis

Ranms volaris

Ramus ulnaris

N, axillaris

Posterior primary
divisions

Anterior primary
di^asions

Transverse superficial

cervical nerve

Suprasternal nerves

Supraclavicular
nerves

Supra - acromial
nerves

Nerve to the rhom-
boids

Intercosto - humeral

nerve

Nerve of Bell

Long subscapular
nerve

Lesser internal cu-

taneous nerve

Cutaneous branch of

circumflex nerve

Outer cord (of plexus)

Inner cord

Cutaneous branch of

musculo- cutaneous

nerve

Internal cutaneous
nerve

Anterior branch

Posterior branch

Circumflex nerve
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B.N. A. Terminology.

N. interosseus volaris

Kaimis j)aliiiaris N.
mediani

Nil. digi tales volares

proprii

K a III u s (I o r 8 a 1 i s

mailus

Ramus cutaneus pal

maris

N. radialis

N. cutaneus luachii

posterior

N. cutaneus anti-

brachii dorsalis

Ramus superficialis

N. interosseus dor-

salis

Nil. digitales dorsales

N. ilio-hypogastricus

Ramus cutaneus

lateralis

Ramus cutaneus

anterior

cutaneous
of ulnar

Old Tkrminoi.ooy.

Anterior interosseous

I'almar cutaneous
branch of the me-
dian nerve

('ollateral palmar
digital branches of

median nerve

Dorsal cutaneous
branch of ulnar
nerve

Palmar
branch
nerve

Musculo-spiral nerve

Internal cutaneous

branch of mus-
culo-spiral nerve

External cutane-

ous branches of

musculo- sjtiral

nerve

Radial nerve

Posterior interos-

seous nerve

Dorsal digital nerves

Ilio - hypogastric
nerve

Iliac branch of
ilio - hypogastric

nerve

Hypogastric branch

of ilio - hypo-
gastric nerve

B.N. A. Tehminoi.ogy.

N. genito-femoralis

N. lumbo - in -

guinalis

N. spermaticus ex-

ternus

N. cutaneus femoris

lateralis

N. femoralis

N. saphenus

Ramus infrajiatel-

laiis

N. ischiadicus

N. peronffius com -

munis
Ramus anasto -

moticus pero-
najus

N. peronteus super-

ficialis

N. peroniEus pro-

fundus

N. tibialis

N. cutaneus sura?

medialis

N. sural is

N. plantaris medialis

N. plantaris lateralis

N. pudendus

Oi.u Tehmin()I.(m;v.

Genito-crural nerve

Crural branch of

genito - cniral

nerve

Genital branch of

genito - crural

nerve

External cutane-
ous nerve

Anterior crural
nerve

Long saphenous nerve

Patellar branch of

long saphenous
nerve

Great sciatic nerve

External popliteal
nerve

Nervus communi-
cans fibularis

Musculo-cutaneous

nerve

Anterior tibial

nerve

Internal popliteal and
posterior tibial nerves

Nervus communi-
cans tibialis

Short saphenous
nerve

Internal plantar

External jilantar

Pudic nerve

THE HEART AND BLOOD-VESSELS.

Heart.

Atrium
Auricula cordis

Incisura cordis

Trabeculae carneje

Tuberculum inter-

venosum
Sulcus longitudinalis

anterior

Sulcus coronarius

Limbus fossaj ovalis

Valvula veniv cava'

Valvula sinus coio-

narii

Auricle

Auricular appendix
Notch at apex of

heart

Columnfe carneae

lutervenous tubercle

of Lower
Anterior interven-

tricular groove

Auriculo - ventricular

groove

Annulus ovalis

Eustachian valve

Valve of Thebesius

Arteries.

Sinus aortfe

A. profunda liugu.'e

A. maxillaris externa

A. alveolaris inferior

Ramus meningeus ac-

cessorius

A. buccinatoria

A. alveolaris superior

posterior

Aa. alveolares su -

periores anteriores

Ramus carotico-tym-

panicus

Sinuses of Valsalva

Rauine artery

Facial artery

Inferior dental artery

Small meningeal
artery

Buccal artery

Posterior superior den-

tal artery

Anterior superior den-

tal arteries

Tympanic branch of

int. carotid

A. chorioidea

A. auditiva interna

Rami ad pontem

A. pericardiac o-

phrenica

Rami intercostales

Truncus thyreo-cervi-

calis

A. transversa scapula;

A. intercostalis sii-

prema
A. transversa colli

A. thoracalis suprenia

A. thoraco-acromialis

A. thoracalis lateralis

A. c i r c u m H e x a

seapu lie

A. profunda brachii

A. coUateralis radi-

alis

A. coUateralis ulnaris

superior

A. collaterals ulnaris

inferior

Ramus carpeus vol-

aris

Anterior choroidal

artery

Auditory artery

Transverse arteries

(branches of basilar

artery)

Arteria comes nervi

phrenici

Anterior intercostal

arteries

Thyroid axis

Suprascapular artery

Superior intercostal

Transversalis colli

Superior thoracic
artery

Acromio - thoracic
artery

Long thoracic artery

Dorsalis scapulie

Superior profunda

Anterior branch of

superior jirofunda

Inferior profunda

Anastomotica magna

Anterior radial carpal
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B.N. A. Terminology.

Ramus carjieus dorsalis

Aa. metacarpefe dor-

sales

A. volaris indicis
radialis

Arcus volaris supcr-

ficialis

Arcus volaris pro-

fundus

A. interossea dorsalis

A. interossea recurrens

A. interossea volaris

Ramus carpeus dorsalis

Ramus carpeus volaris

Aa. digitales volares

communes
Aa. digitales volares

propriae

ArteriiB intestinales

A. suprarenalis media
A. hypogastrica

A. umbilicalis

A. pudenda interna

A. e{)igastrica inferior

A. sj>ermatica externa

Aa. pudendffi extern<e

A. circumflexa femoris

medialis

A. circumflexa femoris

lateralis

A. genu suprema
A. genu superior

lateralis

A. genu superior me-

dialis

A. genti media

A. genu inferior later-

alis

A. genu inferior me-

dialis

A. malleolaris an-

terior lateralis

A. malleolaris an-

terior medialis

A. peronjea

Ramus perforaiis

A. malleolaris ]»os-

terior lateralis

Old Terminology.

Posterior radial carpal

Dorsal interosseous
arteries

Radialis indicis

Superficial i)almar arch

Deep palmar arch

Posterior interosseous

artery

Posterior interosseous

recurrent artery

Anterior interosseous

artery

Posterior ulnar carpal

Anterior ulnar carpal

Palmar digital arteries

ar-CoUateral digital

teries

Intestinal branches of

sup. mesenteric

Middle capsular artery

Internal iliac artery

Obliterated hypo-
gastric

Internal pudic artery

Deep epigastric artery

Cremasteric artery

Superficial and deep

external pudic ar-

teries

Internal circumflex

artery

External circirmflex

artery

Auastomotica magna
Superior external

articular artery

Superior internal
articular artery

Azygos articular ar-

tery

Inferior external arti-

cular artery

Inferior internal arti-

cular artery

External malleolar
artery

Internal malleolar ar-

tery

Peroneal artery

Anterior peroneal

artery

Posterior peroneal

artery

B.N. A. Terminology.

A. malleolaris pos-

terior medialis

Rami ealcanei later-

ales

Rami ealcanei nie-

diales

A. plantaris medialis

A. i)lantaris lateralis

Aa. metatarsal plan-

tares

Aa. digitales plan-^
tares

Old Terminology.

Internal malleolar ar-

tery

External calcanean
artery

Internal calcanean
artery

Internal plantar ar-

tery

External jilantar ar-

tery

Digital branches

Collateral digital

branches

Veins,

V. cordis magna
V. obliqua atrii

sinistri

L i g. v e n re c a v fe

sinistra

Vv. cordis minim fe

Sinus transversus

Confluens sinuum
Plexus basilaris

Sinus sagittalis su-

perior

Sinus sagittalis inferior

Sinus spheno-parietalis

V. cerebri intei-nse

V. cerebri magna
V. terminalis

V. basalis

V. transversa scapulae

V. thoraco-acromialis

Yv. transversae colli

\. thoracalis lateralis

y. azygos

V. hemiazygos

V. hemiazygos acces-

soria

V. hypogastrica

V. epigastrica inferior

V. saphena magna

y. saphena parva

Great cardiac vein

Oblique vein of Mar-
shall

Vestigial fold of Mar-
shall

Veins of Thebesius

Lateral sinus

Torcular Herophili

Basilar sinus

Superior longitudinal

sinus

Inferior longitudinal

sinus

Sinus alae parvse

Veins of Galen

Vena magna Galeni

Vein of the corpus

striatum

Basilar vein

Suprascapular vein

Acromio - thoracic
vein

Transversal is colli

veins

Long thoracic vein

Vena azygos major
Vena azygos minor

inferior

Vena azygos minor
superior

Internal iliac vein

Deep epigastric vein

Internal saphenous

vein

External saphenous
vein

Cisterna chyli

Lymphatics.

Recejitaculuin chyli

THE VISCERA.

Digestive Apparatus.

Arcus glosso-pala-
tinus

Arcus pharyngo-pala-

tinus

Gl. lingualis anterior

Ductus submaxillaris

01. parotis accessoria

Ductus parotideus

(Stenonis)

Anterior ])illar of

fauces

Posterior pillar of

fauces

Gland of Nuhn
Wharton's duct

Socia parotid is

Stenson's duct

Dentes pneinolares

Dens serotinus

PapilliB vallatfE

Recessus ])haryngeus

Tela submucosa

Plicae circulares

Gl. intestinales

Valvula coli

Columnae rectales

liicuspid teeth

Wisdom tooth

Circumvallate pa-

pillae

Lateral recess of

pliarynx

Pharyngeal a])oneuiosis

V'^alvulae connivcntes

Crypts of Lieberkuhn

Ileo-caecal valve

Columns of Morgagni
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B. X. A. TEHMINOUMiY.

I'liciE transversales recti

\';ilvula spiralis

Xoduli lyniphatici
aggregati (re3-eri)

Intcstiiniin jejumini

Intestimnn ileum

Xoduli lyiupliatiii

licnales (Malpighii)

Respiratory

Larynx
Prominentia laryngea

Incisnra thyreoidea

superior

M. ary-epiglotticus -

M. vocal is

M. thyreo - epitclot-

ticus

Appendix ventriculi

larjrngis

Plica vocalis

Plica ventricularis

Ligamentum ventri-

culare

Ligamentum vocale

(Uottis

Rima vestibuli

Cartilage thyreoidea

Membrana liyo-

thyreoidea

Cartilage corniculata

(Santorini)

Tuberculum epiglot-

ticum

Pars intermembran-
acea (rimae glottidis)

Pars intercartilaginea

(rirase glottidis)

Conuselasticus(mem-

branre elasticre

laryngis)

Glandula thyreoidea

Oi.n Tehminoi.ocv.

\'alves of HoustrMi

Valve of Hcistf r

Payer's patches

Jejunum
Ileum

M a 1 ji i g h i !i n c o r-

jiuscles

Apparatus.

Adam's apple

Superior thyroid
notch

Ary teno - epiglot-
tidean muscle

Internal thyro-ary-

tenoid muscle

Thyro - epiglottidean

muscle

Laryngeal sac

True vocal cord

False vocal cord

Superior thyro - ary-

tenoid ligament

Inferior thyro - ary-

tenoid ligament

Glottis vera

Glottis spuria

Thyroid cartilage

Thyro - hyoid mem-
brane

Cartilage of Santorini

Cushion of epiglottis

Glottis vocalis

Glottis respiratoria

Crico - thyroid mem-
brane

Thyroid gland

H.N. A. TKRMINOI,fKJT.

Glomus caroticimi

Nose
Concha nasalis su-

prema (Santorini)

Concha na.salis .su-

perior

Concha na.salis media

Concha nasalis in-

ferior

Oi.D Tkkminoi.oct.

Intcrcarotid gland or

body

Highest turliinate
bone

Sujierior turbinate
bone

Middle turbinate
bone

Inferior turbinate
lione

Urogenital Apparatus.

Corpuscula renis

Paradidymis

Appendi.x testis

Ductus deferens

(Jl. urethrales

Glandula bulbo-ure-

thralis (Cowperi)

Folliculi oophori
vesiculosi

Cumulus oophonis

Tuba uterina

Epoophoron
Appendices vesiculosi

Ductus epoophori
longitudinalis

Orificium internum
uteri

Orificium externum
Processus vaginalis

Glandula vestibularis

major

-Malpighian corpuscles

Organ of Giraldes

Hydatid of Morgagni
(male)

\'as deferens

Glands of Littre

Cowper's gland

Graafian follicles

Discus proligerus

Fallopian tube

Parovarium

Hydatidsof Morgagni
(female)

Giirtner's duct

Internal os (of uterus)

External os

Canal of Nuck
Bartholin's gland

Peritoneum.

Bursa omentalis

Foramen epiploicum

Lig. phrenico - colicum

Excavatio recto-

nterina (cavum
Douglasi)

Lig. gastro-lienale

Lesser peritoneal sac

Foramen of Winslow
Costo-colic ligament

Pouch of Douglas

Gastro-splenic unientuni

THE SENSE ORGANS.

The Eye. Tarsal glands Meibomian glands

Sclera

Lamina elastica an-

terior (Bowman!)
Lamina elastica pos-

terior (Descemeti)

Spatia anguli iridis

Angulus iridis

Zonula ciliaris

Septum orbitale

Fascia bulbi

Com mis sura jialpe-

brarum lateralis

Commissura palpe-

brarum medialis

Tarsus superior

Tarsus inferior

Lig. palpebrale mediale

Raphe palpebralis

lateralis

Sclerotic coat

Bowman's membrane

Descemet's membrane

Spaces of Fontana
Iridocorneal junction

Zonule of Zinn

Palpebral ligament

Capsule of Tenon
External canthus

Internal canthus

Superior tarsal plate

Inferior tarsal plate

Internal tarsal liga-

ment
External tarsal liga-

ment

The Ear.

Canalis semicircularis

lateralis

Ductus reuniens

Ductus cochlearis

Recessus si>ha»ricus

Recessus ellipticus

Paries jugiilaris

Paries labyrinthica

Fenestra vestibuli

Fenestra cochlea'

Paries mastoidea

Antrum tympani-

cum
Paries carotica

Processus lateralis

Processus anterior

External semicircular

canal

Canalis reuniens

Membranous cochlea

Fovea hemispherica

Fovea hcmi-elliptic^

Floor of tympanum
Inner wall

Fenestra oval is

Fenestra rotunda

Posterior wall

Mastoid antrum

Anterior wall

Processus brevis

malleus)

Processus gracilis

(of





TEXT-BOOK OF ANATOMY.

INTRODUCTION.
Anatomy is a comprehensive term, which inckides several closely related

branches of study. Primarily it is employed to indicate the study of the parts

which build up the body, and the relationship which these present to each other.

But tlie structure of an individual is not the same at all stages of its life, for

many changes occur during the period of its existence. The ovum and the

spenuatozoon, which are the starting-points of every individual, are very different

from the finished organism as represented by the adult, and the series of changes

through which the organism passes until its structure is perfected and full growth is

attained constitute the phenomena of development. The general term "development"

includes not only the various and striking structural changes which occur during

the intra-uterine life of the individual, to the study of which the term embryology

is more specially applied, but also many growth processes which occur after birth,

such as the later stages in the ossification and growth of the bones, the eruption of

the two series of teeth, the adjustment of the vascular system to its new require-

ments, etc. The actual observation of the processes by which the parts of the body

are gradually formed, and of the structural arrangements by means of which a

ten;porary connexion is established between the ovum and the mother, through

which an interchange of nutritive and other matters between the two takes place,

renders embryology one of the most interesting of all the departments of anatomy.

The term ontogeny also is used to denote the development of the individual. There

is, however, another form of development, slower, but just as certain in its pro-

cesses, which affects not only the individual, but all the members of the animal

group to which it belongs. The theory of descent or evolution leads us to

believe that between man of the present day and his remote ancestors there is a

wide structural gap, which, if the geological record were perfect, would be seen to

be completely occupied by long-lost intermediate forms. In the process of evolution,

therefore, structural changes have gradually taken place which have modified

;he entire race. These evolutionary phases constitute the ancestral history or

phylogeny of the race. Ontogeny and phylogeny are intertwined in a re-

marka)>le manner, and present certain extraordinary relationships. In other

words, the ancestral evolutionary development appears to be so stamped upon an

individual that it repeats certain of the phylogenetic stages with more or less clear-

ueaa during the process of its own individual development. Thus, at an early period

in the embryology of man evanescent gill-pouches appear which are comparable with

those of a fish, whilst a study of the development of his heart shows that it passes

through transitory structural conditions similar, in many respects, to the permanent

1 1
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conditions of the heart in certain of the lower animals. It is in connexion with

this that the phrase has arisen that every animal in its individual development or

ontogenv climbs up its own genealogical tree—a saying which, taking it even in

the broadest sense, is only partially true.

The broader conceptions of anatomy, which are obtained by taking a general

Bur^'ey of the structural aspects of the entire animal kingdom, constitute morphology.

The morphologist investigates the laws of form and structure, and in his generalisa-

tions he gives attention to detail only in so far as this is necessary for the proper

establishment of his views. The knowledge of anatomy which is required by the

student of medicine is different. It is essentially one of detail, and often details

important from the practical and utilitarian points of view have little or no

morphological value. This want of balance in the interest attached to anatomical

facts, according to the aspect from which they are examined, so far from being

unfortunate, affords the teacher the means of making the study of anatomy at once

fascinating and instructive. Almost every fact which is brought under tht notice

of the student can be accompanied by a morphological or a practical application.

These possibilities of application lighten a study which, presented to the student

of medicine in any other way, would be at once dry and tedious.

Certain terms employed in morphology require early and definite explanation.

These are homology, serial homology, and homoplasy. The same organ repeated in

two different animals is said to present a case of homology. But Jhe morphological

identity between the two organs must be proved beyond dispute before the

homology between them can be allowed. In deciding the identity the great and

essential test is that the two organs in question should have a similar develop-

mental origin. Thus, the fore-limb of a quadruped is homologous with the upper

limb of man ; the puny collar-bone of a tiger, the fibrous thread which is the only

representative of this bone in the horse, and the strongly marked clavicle of the

ape or man, are all, strictly speaking, homologous with one another. Homologous

orcrans in different animals usually occupy a similar position and possess a similar

structure, but not invariably so. It is not uncommon for a muscle to wander

somewhat from its original position, and many cases could be quoted in which

parts have become completely transformed in structure, either from disuse or for

the purpose of meeting some special demand in the animal economy. In the study

of the muscles and ligaments instances of this will be brought under the notice of

the reader.

Often organs which perform totally different functions are yet perfectly

homologous. Thus the wing of a bat or the wing of a bird, both of which are

subservient to flight, are homologous with the upper limb of man, the Office of

which is the different one of prehension. Identity or correspondence in the function

performed by two organs in two different animals is not taken into consideration

in deciding questions of homology. The gills of a fish and the lungs of a higher

vertebrate perform very much the same physiological office, and yet they are not

homologous. The term analogy is often used to express functional correspondence

of this kind.

In the construction of vertebrates and certain other animal groups a series »>f

similar parts are repeated along a longitudinal axis, one after the other. Thus the

series of vertebrae which build up the backbone, the series of ribs which gird round

each side of the chest, the series of intercostal muscles which fill up the intervals

between the ribs, the series of nerves which arise from the brain and spinal medulla,

are all examples of this. An animal exhibiting such a condition of parts is said to

present the segmental type of organisation. In the early stages of development

this segmentation is much more strongly marked, and is to be seen in parts which
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subsequently lose all trace of such a subdivision. The parts thus repeated are said

to be serially homologous. But there are other instances of serial homology besides

those which are manifestly produced by segmentation. The upper limb is serially

homologous with the lower limb : each is composed of parts which, to a large

extent, are repeated in the other, and the correct adjustment of this comparison

between the several parts of the upper and lower limbs constitutes one of the most

difficult and yet interesting problems of morphology.

Homoplasy is a term which has been introduced to express a form of corre-

spondence between organs in different animals which cannot be included under

the term homology. Two animal groups, which originally have sprung from the

same stem-form, may independently develop a similar structural character which is

altogether absent in the ancestor common to both. Thus the common ancestor of

man and the carnivora in all probability possessed a smooth brain, and yet the

human brain and the carnivore brain are both richly convoluted. Not only this,

but certain anatomists seek to reconcile the convolutionary pattern of the one with

the convolutionary pattern of the other. What correspondence there is does not,

in every instance, constitute a case of homology, because there is not in every case

a community of origin. Correspondence of this kind is included under the term
" homoplasy." Another example is afforded by the heart of the mammal and that

of the bird. In both of these groups the ventricular portion of the heart consists

of a right and a left chamber, and yet the ventricular septum in the one is not

homologous with the corresponding septum in the other, because the common
ancestor from which both have sprung possessed a heart with a single ventricular

cavity, and the double-chambered condition has been a subsequent and independent

development in the two groups.

Systematic Anatomy.—The human body is composed of a combination of

several systems of organs, and the several parts of each system not only present a

certain similarity in structure, but also fulfil special functions. Thus there are

—

1. The skeletal system, composed of the bones and certain cartilaginous and mem-
branous parts associated with them, the knowledge of which is known as osteology.

2. The articulator!/ system, which includes the joints or articulations, the

knowledge of which is termed arthrology.

3. The muscular system, comprising the muscles, the knowledge of which con-

stitutes myology.

4. The nervous system, in which are included the brain, the spinal medulla, the

ganglia of the spinal and cerebral nerves, the sympathetic ganglia, and the various

nerves proceeding from and entering these. The knowledge of these parts is ex-

pressed by the term neurology. In this system the organs of sense may also be

included.

5. The hlood vascular and lymphatic system, including the heart, blood-vessels,

the lymph vessels, and the lymph glands. Angeiology is the term applied to the

knowledge of this system.

6. The respiratory system, in which we place the lungs, windpipe, and larynx.

7. The digestive system, which consists of the alimentary canal and its associated

glands, and parts such as the tongue, teeth, Hver, pancreas, etc.
'

8. The urogenital system, composed of the urinary organs and the reproductive

organs—the latter differing in the two sexes.

The term splanchnology denotes the knowledge of the organs included in the

respiratory, digestive, and urogenital systems.

9. The integumentary system consists of the skin, nails, hair, etc. The know-
ledge of this system is termed dermatology.
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The numerous organs which form the various systems are themselves built up

of tissues, the ultimate elements of which can be studied only by the aid of the

microscope. The knowledge of these elements and of the manner in which they are

grouped together to form the various tissues of the body forms an important branch

of anatomy, which is termed histology.

The structure of the human body may be studied in two different ways. The

several parts may be considered with reference to their relative positions, either as

they are met with in the course of an ordinary dissection, or as they are seen on

the surface of a section through the body. This is the topogfaphical method. On
the other hand, the several systems of organs may be treated separately and in

sequence. This constitutes the systematic method, and it is the plan which is

adhered to in this treatise.

Descriptive Terms.—Anatomy is a descriptive science founded on observa-

tion, and in order that precision and accuracy may be attained it is necessary that

we should be provided with a series of well-defined descriptive terms. It must

Fig. 1.

—

Horizontal Section through the Trunk at the Level of the First Lumbar Vertebra.

be clearly understood that all descriptions are framed on the supposition that the

body is in the erect position, with the arms by the side, and the hands held so that

the palms look forwards and the thumbs laterally. An imaginary plane of

section, passing longitudinally through the body so as to divide it accurately into a

right and a left half, is called the median plane. Fig. 1 (M.P.). When the right and
left halves of the body are studied it will be found that both are to a large extent

formed of similar parts. The right and left limbs are alike ; the right and left

halves of the brain are the same ; there are a right and a left kidney and a right

and a left lung, and so on. So far the organs are said to be symmetrically arranged.

But still a large amount of asjrmmetry may be observed. Thus, the chief bulk of

the liver lies to the right side of the median plane, and the spleen is an organ

which belongs wholly to the left half of the body. Indeed, it is well to state that

perfect symmetry never does exist. There always will be, and always must be, a

certain want of balance between symmetrically placed parts of the body. Thus
the right upper limb is, as a rule, constructed upon a heavier and more massive

plan than the left, and even in those organs where the symmetry appears most
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perfect, as for instance the brain and spinal medulla, it requires only a closer study

to reveal many points of difference between the right and left halves.

The line on the front of the body along which the median plane reaches the

surface is termed the anterior median line ; whilst the corresponding line behind is

called the posterior median line.

It is convenient to employ other terms to indicate other imaginary planes of

section through the body. The term. sagittal, therefore, is used to denote any plane

which cuts through the body along a path which is parallel to the median plane

(S S') ; and the term coronal or frontal is given to any vertical plane which passes

through the body in a path which cuts the median plane at right angles (C C).

The term horizontal, as applied to a plane of section, requires no explanation.

Any structure which lies nearer to the median plane than another is said to be

medial to it ; and any structure placed further from the median plane than another

is said to lie lateral to it. Thus in Fig. 1, A is lateral to B ; whilst B is medial

to A.

The terms internal and external are applied to the walls of hollow cavities or

organs ; thus, the ribs possess external surfaces, that is, surfaces away from the

cavity of the thorax, and internal surfaces adjacent to the cavity.

The terms anterior and ventral are synonymous, and are used to indicate a

structure (D) which lies nearer to the front or ventral surface of the body than

another structure (E) which is placed nearer to the back or dorsal surface of the

body, and which is thus said to be posterior or dorsal. In some respects it would

be well to discard the terms " anterior " and " posterior " in favour of " ventral

"

and " dorsal," seeing that the former are only applicable to man in the erect

attitude, and cannot be applied to an animal in the prone or quadrupedal position.

They are, however, so deeply ingrained into the descriptive language of the human
anatomist that they cannot be entirely discarded. A similar objection may be

raised to the terms superior and inferior, which are employed to indicate the relative

levels at which two structures lie with reference to the upper and lower ends of the

body. The equivalent terms of cephalic or cranial and preaxial are, therefore, some-

times used in place of "superior," and caudal and postaxial in place of " inferior."

The terms proximal and distal should be applied only in the description of the

limbs. They denote relative nearness to or distance from the root of the limb.

Thus, the hand is distal to the forearm, whilst the arm or brachium is proximal

to the forearm.





HUMAN EMBRYOLOGY.
By A. H. Young and Arthur Kobinson.

Eewritten by Arthur Kobinson.

The ontogenetic or developmental history of every human individual is separable

into two main periods, pre-natal and post-natal.

It is to the knowledge of the phenomena of the earlier or pre-natal period that

the term human embryology is applied, and as pre-natal development takes place in

an organ called the uterus, it is frequently spoken of as intra-uterine development.

The period of pre-natal development extends through nine lunar months, and
may be divided into three sub-periods : (1) the pre-embryonic period, during wliich

the zygote, from which the embryo is formed, shows no definite separation into

embryonic and non-embryonic portions. This period lasts about fourteen days

;

(2) the period of the embryo, in which the zygote is definitely separated into

embryonic and non-embryonic portions, but the embryonic part has not yet

assumed a clearly human form. This period terminates at the end of the second

month
; (3) the foetal period, which commences at the end of the second month,

when the embryo assumes a definitely human form and is called, thenceforth, a

foetus. The fcetal period ends at birth, when the fwtus becomes a child and post-

natal development commences.
Only the general phenomena of the pre-natal period of development are

considered in this section ; the details of the pre- and post-natal development
of the various organs and systems will be dealt with in the sections devoted to

the descriptions of their adult conditions.

THE STEUCTURE OF ANIMAL CELLS.

The human body is formed by the multiplication and differentiation of animal
cells, therefore it is essential that the student should possess a knowledge of the

main features and capabilities of

such cells before he commences
the study of the details of human
embryology.

Animal cells differ from each

other in minor points of structure,

in association with the positions

they occupy and the functions they

perform ; nevertheless, they all

possess some common and essential

structural features, and, in the

younger stages of their history,

some common capabilities.

The following are the constituent parts of a typical animal cell :

—

The cell body :—containing

(a) The nucleus with its nucleolus
;

(&) The centrosome with the centrioles ;

(c) The mitochondria.

All the essential parts of the cell consist of a substance caUed protoplasm.

In its simplest form protoplasm is the semifluid, viscous, irritable, and con-

7

Nucleolus

Nucleus

Spongioplasin
(cyto-reticulum)

Hyaloplasm

Attraction sphere

Centrosome

Fig. 2.—Diagram of an Animal Cell.
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tractile substance which forms the "physical basis of life." It consists of C, H., N., 0.,

and S., combined together in different ways and in differing proportions to form
various modifications of protoplasm which possess definite physical and chemical

characteristics, and which receive, therefore, different names.
The cell body consists of a kind of protoplasm called cytoplasm, separable

into two parts ; the spongioplasm or cyto-reticulum, which forms a network or

spougework ; and a more fiuid part, the hyaloplasm or cytolymph, which occupies

the interstices of the reticulum.

The nucleus hes in the cytoplasm. It consists of a form of protoplasm, called

karyoplasm, which is separable into a more fibrillar part, the karyo-reticulum, and
a more fiuid part, the karyo-lymph or nuclear juice. The reticulum also consists

of two parts, the achromatic or non-stainable part formed of a substance called

linin, and a part called chromatin, which is readily stainable.

Chromatin varies in appearance at various stages of the cell life. During the

resting periods, which intervene between the periods of cell division, it is broken
up into small particles which either are embedded in or are in close association

with the linin network.

When cell division commences the chromatin particles are, in many cases,

aggregated to form a thread-like strand, which ultimately breaks up into a

number of segments called chromosomes. The chromosomes are probably of definite

number in the body cells of any given species of animal. In the human
subject the typical number is probably 24.

According to Winiwarter's recent observations tlie number of cliromosomes in eacli oocyte I

(see p. 12) is 48, and in each spermatocj^te I (see -p. 12) it is 47. Eacla mature ovum (see p. 13),

therefore, has 24 chromosomes, but some spermatids (see -p. 17) have 24 and others 23. If a
spermatozoon (see p. 17) with 24 chromosomes unites with a mature ovum a female results, but if

a sj^ermatozooii with 23 chromosomes unites with a mature ovum a male results.

During the resting period the nucleus is bounded by a distinct nuclear mem-
brane, wiiich is continuous on the one hand with the karyo-reticulum, and on the
other wdth the cyto-reticulum.

The nucleolus is a spherical vesicle which lies in the karyo-lymph during
the resting periods of the ceU. It disappears entirely during the periods of

division. The protoplasm of which it is formed is called pyrenin. In some cases

several nucleoli are present.

The nodes of the karyo-reticulum are sometimes called false nucleoli.

The cen,trosome is a clear spherical area of the cytoplasm which lies usually

in the neighbourhood of the nucleus. Around it the granules of the cytoplasm
are arranged in radial lines, and in its interior he one or two minute, deeply
staining bodies, the centrioles. The centrosome appears to play a very important
part in cell multiplication ; and, in the more ordinary form of cell division, it

divides before the division of the cell takes place, but in certain cases it disappears
before the cell divides.

The mitochondria are minute particles. They are demonstrable in the
majority of cells during life ; or by means of certain stains, after special methods
of fixation and preservation have Ijeen used. They are believed to play an
important part in the economy and life-history of the cells, and they form a very
definite part of the structure of the spermatozoon or male gamete.

THE LIFE-HISTOKY AND CAPABILITIES OF ANIMAL CELLS.

Every animal cell is formed by the division of a pre-existing cell called the
mother cell. The mother cell divides into two equal parts—the dmighter cells, each
of which, under ordinary conditions, possesses all the capaljilities of its mother.

Reproduction of Cells.—Ordinary tissue cells increase in number by the
division ot the pre-existing cells into equal parts, and each part possesses similar

capa))ilities. Every new cell has a definite life- history ; it grows, performs its

proper function, and ceases to exist, either by dividing into two daughter cells,

or by dying and Itreaking up into fragments whicli disappear.

Wliilst the multiplication rate exceeds the death-rate in any given tissue or

organ, that tissue or organ grows. When tlie multiplication rate and the death-
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rate are equal, the tissue or organ is in a state of equilibrium. As soon as the

death-rate exceeds the multiplication rate, decay and atrophy set in ; and when
the decay and atrophy have proceeded to such an extent that an important tissue

or organ can no longer i)ertbrm its proper functions, general death ensues.

General decay and death are, therefore, the natural results of the loss ot

multi}»lication power o( the cells of the body, but life may jjersist after multiplica-

tion power is lost, so long as the cells last ])roduced retain their capaliilities, and
death may result whilst multiplication power
of the cells is retained, if the newly produced
cells are incapable of performing their proper

functions. Nevertheless, speaking generally,

it may be said that cell niultii)lication is

a vital necessity, and it takes ])lace in two
ways—(1) by amitotic and (2) by mitotic division

of pre-existing colls.

Amitotic Division.—The phenomena of

amitotic division, so far as they are known, are

much simpler than those of mitotic division.

First the nucleus is constricted and divided

;

then the cell body is constricted and divided,

and two similar daughter cells, each half the

size of the mother cell, are produced. The part

played by the centrosome during the process

is not definitely known, but each daughter cell

eventually possesses a centrosome. The appar-

ently simple process of amitotic division occurs

at some periods of growth, and the more com-
plicated process of mitotic division at other

periods, but the laws which govern the alterna-

tions are unknown.
Mitotic Division ; Mitosis, or Karyokin-

esis.—Mitotic or karyokiuetic division is not

only the more complicated, but it appears also

to be the more imytortant form of cell division.

It takes place in all rapidly growing tissues,

especially in the embryonic and foetal stages

of life, and it is the main form of cell division

which occurs in the earliest embryonic periods.

There are, however, two forms of mitosis, the

homotype and the heterotype. Of the two,

homotype is so much the more common that it

may be looked upon as the ordinary form, for

heterotype mitosis appears to be limited to one

of the two cell divisions which occur during
the maturation of the germ cells, and to

some of the cell divisions which are associated

with the production of malignant tumours.

Homotype Mitosis.— The phenomena of

homotype mitosis occur in four phases, (1)

the prophase, (2) the metaphase, (3) the anaphase, and (4) the telophase.

The Prophase.—During the prophase both the centrosome and the nucleus

undergo very obvious transformations.

The centrosome and its contained centriole divide into two parts, of which one

passes to one pole and the other to the opposite pole of the nucleus.

The nuclear transformations concern the nucleolus, the chromatic substance,

and the nuclear membrane.
Tlie nucleolus disappears. In some cases it passes from the nucleus into the

cytoplasm, where it breaks up ; in other cases the details of its disappearance are

entirely unknown.

Fig. 4.

—

Schema of Animal Cell in Eakly
Part ok Pkophase ok Homotype Mitosis.
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Fig, 5.

—

Schema of Animal Cell at Com-
pletion OK Prophase of Homotype
Mitosis.
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Fig, 6.

—

Schema of Animal Cell in Meta-
phase of homotype mitosis.
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The chromatic substance is aggregated to form first a fine and afterwards a

thicker thread or spirem. At the same time, a spindle of achromatic fibrils appears

between the two daughter centrosomes, and the nuclear membrane disappears.

As soon as the achromatic spindle is definitely established the chromatic

thread breaks up into a number of segments, the chromosomes, which arrange

themselves around the equator of the achromatic spindle.

The chromosomes may be V-shaped, rod-like, cuboidal or spheroidal, and each

may be a single structure, or it may consist of

two or four parts which are closely bound to-

gether. There is evidence which tends to sup-

port the belief that, whether the chromosome
appears to consist of one, two, or more seg-

ments, its constituent particles are derived

partly from the maternal and partly from the

paternal ancestor of the cell ; and it is believed

that the maternal andpaternal portionsundergo
similar division during the last three phases of

mitosis. In any case, whether the chromosomes
are single or compound structures, each becomes
attached to, or very closely associated with, one

of the fibrils of the achromatic spindle.

At the end of the prophase the nucleus

as such, and the nucleolus, have entirely dis-

appeared, and the cell body contains, in their

place, two centrosomes, an achromatic spindle,

and the chromosomes. The centrosomes lie at

the opposite poles of the achromatic spindle

with the granules of the protoplasm grouped
radially around them, and the chromosomes are

grouped round the equator of the achromatic

spindle.

The Metajphase.—During the metaphase
each chromosome divides into two equal parts,

the rods or loops dividing longitudinally ; and
the division, in all cases, commences at the

point where the chromosome is in relation with

the fibrils of the achromatic spindle.

The Anaphase.—In the anaphase the halves

of the chromosomes, i.e. daughter chromosomes,

move towards the opposite poles of the achro-

matic spindle, and when they reach the vicinity

of the daughter centrosomes the anaphase ends

and the telophase begins.

The Telophase.—At the end of the anaphase,

or the commencement of the telophase, a con-

striction appears around the periphery of the

cell, at the level of the equator of the achro-

matic spindle. After its appearance the con-

striction gradually deepens until the cell is

completely divided into two halves, the

daughter cells, each of which contains the

typical number of chromosomes, and a portion of the achromatic spindle.

The Resting Stage.—During the resting stage, which lasts for a variable period,

a nucleus is formed in each daughter cell by the appearance of a nuclear membrane
around the chromosomes, as they repass first to the thread-like and then to the

granular form of chromatic substance, and by the reappearance of a nucleolus.

The cell increases in size also.

The Period of Cell Life.—The period of cell life varies, but in all cases it

ultimately ends in death ; for a time comes when cells no longer transmit to their

Vllf^

Fig. 7.

—

Schema of Animal Cell at End
OK Anaphase of Homotype Mitosis.

Centrosome
Nucleus

Fig. 8.

—

Sche.ma ok Animal Cell at End ok
Telophase ok Homotype Mitosis. The
cell has divided into two daughter cells.

Red and blue indicate the original paternal
and maternal derivatives.
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descendants the power of division, or the capability of growth and function. If

it were not so, growth and function, or at least inaLiitenance and function, would
continue uninterruptedly, and in the absence of accident or disease individual life

would continue for ever, and " old age" would be unknown.
It appears, therefore, that the ancestors of certain tissue cells are capable of

producing only a certain number of descendants, which grow to the normal size and
perform their pro})er functions for a more or less fixed period, whilst in other cases

the power of division appears to bo transmitted continuously, but the more remote

descendants become less and less capalde of performing their proper functions.

The result in both cases is the same; gradual decay, terminating in death.

Heterotype Mitosis.—In ordinary or homotyi)e mitosis the chromosomes are

divided into (upial parts, and, when the process of cell division is completed, each

daughter cell possesses the same number and same kind of chromosomes as the

mother cell from wliich it was derived (Figs. 3-8). In heterotype mitosis, the

number of chromosomes is reduced during the cell division, and each daughter cell

possesses only half the number of chromosomes that was present in the mother cell.

The details of the division of the chromosomes during heterotype mitosis differ

in different groups of animals, but the end is the same in all cells in which the

process occurs, and is the reduction of the number of the chromosomes in the

daughter cells to half tlie number typical for the ordinary cells of the animal.

The most typical form of heterotype mitosis is seen during the first maturation
division of many germ cells, in which, during the spirem or thread-like stage of the

chromatic substance, careful examination of the thread shows that it consists of

a number of alternate segments attached end to end, the number of segments
corresponding with the number of the chromosomes typical for the ordinary cells

of the animal. Towards the end of the prophase, the segments of the thread

become attached together in pairs which form a number of twin chromosomes.
These arrange themselves around the equator of the achromatic spindle, and it is

obvious that the number of twin chromosomes is only half the number of the

chromosomes originally present in the cell (Figs. 12 and 13). (See note 1, p. 79.)

The total number of chromatic segments is still the same, for each twin
chromosome consists of two ordinary chromosomes attached side to side.

The process of reduction takes place during the metaphase, when the two
segments of each twin chromosome become separated from one another. During
the anaphase the separated segments pass to the opposite poles of the achromatic
spindle, and when the telophase is completed the number of chromosomes in each

daughter cell is half that which was present in the mother cell (Figs. 12-19).

In some cases, at the commencement of heterotype mitosis, the chromosomes
are not arranged in pairs as twins, but in groups of four, called tetrads, each tetrad

consisting of a pair of dyads. In those cases the two dyads of each tetrad are

separated from one another during the metaphase, and when the telophase is com-
pleted each daughter cell possesses only half the number of chromatic particles

which were present in the mother cell.

It is known that a cell which contains only half the typical number of chromo-
somes can divide once, therefore from each original cell which underwent heterot}^
mitosis four grand-daughter cells may be produced. It is still uncertain, ho%vever,

whether or not cells which contain only half the typical number of chromosomes
can further subdivide, or whether they can continue to live and function. So far

as the observations made can he relied upon, it appears that such cells either die

or they unite with another cell containing half the typical number of chromosomes
to prod uce a new cell which contains the typical number of chromosomes and which
possesses also the capability of reproducing itself by division.

The Gametes.—The gametes are the germ elements by whose union, in pairs,

new individuals are produced.

They are of two kinds, female gametes or ova and male gametes or spermatozoa.

Both female and male gametes are modified cells, by means of which hereditary

characteristics are transmitted from generation to generation, and they are derived

from cells called primitive germ cells, whose origin will be considered in association

with the development of the germinal layers.
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The germ cells reach their full development in special sex glands, the ova in

the ovaries of the female and the spermatozoa in the testes of the male.

After the descendants of the primitive germ cells have increased, by ordinary

primitive germ cell

Young oocytes

Oocyte II and first

polar body

Mature ovum and
polar bodies

Period of Division
during which
numerous de-
scendants are
formed from the
primitive germ
cell.

Period of Growth
of oocytes I.

Period of Matura-
tion during which
four descendants
are formed from
each oocyte I, i.e.

the mature ovum
and three polar
bodies (the
number of polar
bodies is i r

-

regular).

Fig. 9.

—

Schema of the Developmental History of the Mature Ovum.
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Schema ok the Developmental Hi.story of Spermatozoa.

cell division, to a number which is probably fixed and unchangcaljle, but which is

not definitely known, they begin to increase in size, that is, they enter upon a period

of growtli, and at this time the female germ cells are called oocytes of the first order,

oocytes I, and the male germ cells are called spermatocytes of the first order, sperma-

tocytes I. Both the oocytes I and the spermatocytes I possess all the essential
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parts of a typical animal cell, and, in addition, each has special peculiarities which
differentiate it both from the geriri-cells of thu opposite sex and also from ordinary

animal cells. Therefore the oocyte and the spermatocyte nmst be considered

separately ; but before this is done it must be noted that each oocyte I and each
spermatocyte I is capaljle of producing only four descendants. The mitotic cell

divisions by which th(! descendants art; produced are called the maturation divisions,

and they result, in the case of the oocyte, in the formation of om; large functional

cell—the mature ovum, and three small impotent cells—the polar bodies ; whilst in

the case of the spermatocyte the four descendants are of equal size and each

becomes transformed into a presumably potent spermatozoon.

THE OVUM.

An ovum presents all the characteristic structural features of an animal cell,

but it is peculiar on account of its relatively large size, the large size of its nucleus,

and the possession of an investing membrane, the oolemma. As the young ova or

oocytes of the first order enter upon their

period of growth, each is enclosed by a

single layer of special cells, the stratum
granulosum, which constitute, together

with the oocyte, a primary ovarian follicle

(O.T. Graafian follicle). The cells of the

stratum granulosum multiply rapidly until

they form a layer, several cells thick.

At the same time, the oocyte increases

in size and becomes surrounded by the

membrane, called the oolemma, which
intervenes between it and the innermost

cells of the stratum cjranulosum.

Whilst the growth of the oocyte and
the thickening of the oolemma are still

proceeding, a fluid-filled cavity appears in

the stratum granulosum. Whether the

cavity is due to the imbibition of fluid

or to the dehiscence of the cells of the

stratum granulosum is still uncertain, but,

after its appearance, the cavity with its

surrounding walls and the enclosed oocyte

is spoken of as a vesicular ovarian follicle.

The cavity of the vesicular follicle gradu- I-
corona radiata

,, .
''

1 •j_
"• Granular layer,

ally increases, and, as it grows, It separates

11.

—

The Ovum and its Coverings
(Diagrammatic).

The corona radiata, which completely surrounds the
ovum, is only represented in the lower part of

the figure.

.'). Vitellus or Yolk.
li. Nucleus (germinal vesicle).

3. Vitelline membrane. 7. Nucleolus terminal spot),

the oocyte and the celts of the stratum 4. oolemma (zona pelludda). S. Nuclear membrane.

granulosum immediately around the oocyte from the remainder of the cells of the
stratum, except in a small area where the two parts of the stratum granulosum
still remain in direct continuity. When this condition is attained the cells of

the stratum granulosum which immediately surround the oolemma are spoken
of as the ovular cumulus ; they enclose the oocyte, and, together with it, they
form a bold promontory which projects into the cavity of the follicle.

When its full growth is attained each oocyte I is a comparatively large cell,

which measures 200/a in diameter. It con.sists of a cell body which is surrounded
by a definite enclosing membrane, the oolemma, and it contains (1) a nucleus^, (2)
a centrosome, (3) numerous granules called deutoplasmic or yolk granules, and
(4) mitochondria.

The Oolemma.—The limiting membrane or oolemma is also called the zojia

pellucida, on account of its appearance under low magnifying powers, and the zona
striata, because, under certain conditions, radial striae are seen in it when it is

highly magnified. It is a strong, elastic membrane, which not only protects the

oocyte from pressure, but probably also prevents the impregnated oocyte or zygote
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Oolemma

from coming into close contact with the maternal tissues until it has attained the

proper stage of development.

The exact origin of the oolemma is unknown. It must be formed either by the

action of the cells of the stratum granulosum, or by the action of the oocyte, or by
interaction between the two ; but, up to the

present, opinions regarding the origin are

divided.

It is stated that processes of the cells of

the ovular cumulus pass through the oolemma,
forming the radial striae,and become continu-

ous with or lie in close association with the

protoplasm of the oocyte ; and it is probable

either that the processes are used as pabulum
by the growing oocyte, or that they transmit

nutritive material to the oocyte.

The Body of the Ovum.—The cell body,

originally called the yolk, consists of spongio-
FiG. 12.-SCHEMA OF MATURATION OF OvuM, plasm aud hyaloplasm.
Early Part of Prophase of First Division. ^ „, .^ -^ ,

^ rm t . ^

The Deutoplasm.—Ihe deutoplasm con-

sists of a number of more or less highly

refractile granules, of varying size, which are

embedded in the cytoplasm. They are largest

in size and are most closely aggregated to-

gether in the region around the nucleus,

where they form a definite deutoplasmic

zone. But in the human ovum and in the

ova of the majority of mammals, as contrasted

with the ova of birds, reptiles, and amphibia,

the amount of deutoplasm is relatively small

;

and for this reason the human ovum is

classified as oligolecithal, the term telolecithal

Fig. 13.—Schema ok Maturation of Ovum in being apphed tO OVa in which the deutoplasm
Prophase of First Division. The cliromatic is present in considerable amount, as in the

Oolemma

Nucleus

Chromosome

thread has divided into twin chromosomes
Each twin may be assumed to consist of a

maternal and a paternal part.

Oolemma

Achromatic spindle
Twin chromo-

ova of the frog; whilst the ova of birds,

many reptiles, and the monotremes amongst
mammals, in which the deutoplasm greatly

preponderates over the cell protoplasm, are

termed eutelolecithal.

The deutoplasmic granules are believed

to serve as a store of nutritive material

which is utilised during the early stage of

the growth of the zygote, during which
they disappear. (See note 2, p. 79.)

The Nucleus.— The nucleus, formerly

called the germinal vesicle, is a spherical

vesicle of comparatively large size ; its

diameter, which measures 50/x, being one-

fourth of the diameter of the oocyte. It

usually lies excentrically in the cytoplasm.

Its constituent parts are a nuclear mem-
brane, surrounding the haryoplasm, which
is separable, as in ordinary animal cells, into

(1) an achromatic reticulum, the linin
; (2) chromatic substance, which is embedded

in or closely connected with the strands of the linin ; and (3) the nuclear juice,

which fills the meshes of the reticulum ; and it contains usually one, but sometimes
several nucleoU.

The Centrosome.—The centrosome is not always very evident. It is usually
present during the growth stage of the oocyte, and it disappears when the first

maturation division commences. It may contain one or two centrioles, and it

Fig. 14.

—

Schema of Maturation of Ovum at
End of Prophase of First Division. The
twin chromosomes lie at the equator of the
achromatic spindle.
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lies in the region of the larger deutoplasmic granules Ity which its presence is

frequently obscured.

The Mitochondria.—These minute particles can he demonstrated by suitable
methods of fixation and staining.

The Maturation of the Ovum.—The process of maturation consists of two
mitotic divisions, of which the first is hetero-

typical, and results in the reduction of the
number of chromosomes, and the second is

homotypical. Tlie phenomena of the two
divisions differ in some of their details from
those of ordinary cell divisions, therefore a

short account of them is necessary.

In the prophase of the first maturation
division, the centrosome, the nucleolus, and
the nucleus vanish,and an achromatic spindle

appears at one pole of the oocyte, wliere it

lies, at iirst, parallel with the surface ; and
the chromosomes are gathered around its

equator. The number of the chromosomes
is only half tlie typical number, and they
are probably twin chromosomes (p. 11).

There are no centrosomes at the poles of the

spindle. After a short time the spindle

rotates until it lies at right angles to its

original position, and one pole, surrounded
by a small amount of the cytoplasm, forms
a projection, the first polar projection, on the

surface of the oocyte (Fig. 14).

During the metaphase the twin chromo-
somes divide. In the anaphase the daughter
chromosomes travel to the opposite poles of

the spindle, and at the end of the anaphase
one-half of the daughter chromosomes lies

in the first polar projection and the other

half in the body of the oocyte (Fig. 16). ~' --

In the telophase the first polar projection Fig. 16.—Schema of Maturation of Ovum at

is separated from the body of the oocyte and
oocyte I ceases to exist, being converted
into an oocyte of the second order, or oocyte

II, and the first polar body, each of which
contains half the typical number of chromo-
somes.

The second maturation division occurs

without the intervention of a restini^ stage,

i.e. without the reappearance of a nucleus

in oocyte II. A new achromatic spindle

appears with the daughter chromosomes at

its equator; it rotates, and one pole, sur-

rounded by a small amount of cytoplasm,

projects on the surface of the oocyte as the

second polar projection (Fig. 17). In the

metaphase the daughter chromosomes divide

homotypically into equal parts, and during
the anaphase the grand-daughter chromo-
somes move towards the poles of the spindle,

one-half entering the second polar projection and the other half remaining
in the body of the oocyte. During the telophase the second polar projection is

separated as the second polar body and the larger remaining part of the oocyte

II becomes the mature ovum (Figs. 17 and 18).

Chromosomes
which remain in

oocyte II

End of the Anaphase of the Fiust Divi-

sion. Two chromosomes (paternal or maternal)

lie in the fir.st polar bud and two in the larger

part of the ovum which becomes oocyte II.
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Second polar bud with chromosomes
Chromosomes of second polar bud '

Ooleiuma -
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Simultaneously with the division of the oocyte II into the second polar body
and the mature ovum, the first polar body may divide into two parts. When
that occurs four cells are present within the oolemma at the end of the matura-
tion, i.e. the relatively large mature ovum and the three polar bodies (Fig. 19).

The details of the maturation of the human ovum are unknown, and the above

account is based upon the phenomena which occur in other mammals. In mammals
two polar bodies are invariably formed, but in many the first does not divide into

two parts simultaneously with the. formation of the second. The significance of

the differences which occur is not at present fully understood.

Each of the four descendants of the oocyte I contains half the typical number of

chromosomes, and those in the mature ovum
soon become enclosed in a new-formed
nucleus, which is called the female pronucleus.

When the process of maturation is com-
pleted, the mature ovum differs from a

typical animal cell, inasmuch as it probably
possesses no centrosome and its nucleus con-

tains the chromatic substance of only half

the typical number of chromosomes.
•' The first maturation division always

occurs whilst the oocyte is still in the ovary

and before the spermatozoon has entered

it. The second division takes place in the
Matukatiox of Ovum at upper or middle part of the uterine tube, and

always after the spermatozoon has entered

the oocyte.

If the mature ovum does not meet with

a spermatozoon it passes through the genital

passages and is cast off and lost; or it

breaks down, whilst still in the genital pas-

sages, into a detritus which disappears ; but
if it meets and unites with a spermatozoon

a zygote is formed, from which a new indi-

vidual may arise, and in that case the polar

bodies persist until the zygote has undergone
one or two divisions ; but sooner or later they

disappear, probably breaking down into frag-

ments which are absorbed by the cells of the

zygote.

Spermatocytes.—When the male germ
cells reach the period of growth they are

called spermatocytes of the first order, or

spermatocytes I, which correspond, mor-

phologically, with oocytes I (Fig. 10).

The spermatocytes lie in the walls of

the tubules of the testes or male sex sjlands, where their descendants become
converted into sjjermatozoa.

They differ from the oocytes I in three important respects : (1) they have no
protective membrane corresponding with the oolemma of the oocyte

; (2) they are

not enclosed in follicles
; (3) the spermatocytes are not surrounded by definite

encircling layers of cells similar to the cells of the stratum granulosum.

As the spermatocytes lie in the walls of the tubules of the testes they are inter-

mingled with other cells, the supporting and nurse cells, amidst which they undergo

their maturation divisions, and their descendants become embedded in the nurse

cells, where they are converted into spermatozoa. To a certain extent, therefore,

the nurse cells may be looked upon as corresponding with the cells of the ovular

cumulus which surround the growing oocyte.

After it has reached its full growth each spermatocyte I, like each oocyte I, can

produce only four descendants, and the descendants, as in the case of the oocyte I,

First polar body ^,_

Achromatic
spindle

/

Chromosomes
which remain in

mature ovum

Fig. is.—Schema oi-

End of Anaphase of Second Division

The chromosomes of oocyte II have separated

into equal parts which have passed to the

opposite poles of the spindle.

Second polar body
Parts of first polar body

Parts of first polar '' ^"'

bods --,.

Oolemma, \

/^^

Female pro-
nucleus in

.

mature ovum
;\.

Fig. 19.

—

Schema of Maturation of Ovum.
End of Telophase of Second Division where

the four descendants of oocyte I are the mature
ovum, with half the original number of

chromosomes, and three polar bodies.
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are formed by two successive mitotic divisions, of which the first is heterotypical

and produces reduction of the chromosomes, and the second is homotypical.

The two divisions differ I'rom the corresponding divisions of the oocyt(!S in three

important respects: (1) centrosomos are j)r(!sent; (2) the lour grand-daughter cells

produced are of equal si/e and presumably of equal value, so far as capal)ility of

uniting with a mature ovum to form a zygote is concerned; (3) each of the four

grand-daughter cells i^wsesses two centrosomes.

In the prophase of the first or heterotype division tlie imcleus and nucleolus

disappear in the ordinary way. The centrosoine divides, and an achromatic spindle

appetirs, which has the daughter centrosomes at its poles and half the typical

numl)er of chromosomes at its equator. The chromosomes are twin chromosomes.
During the metaphase the two segments of eacli twin chromosome separate from
each other. In the anaphase they travel to the opposite poles of the achromatic
spindle, and consequently, when the cell divides in the telophase, each daughter
cell or spermatocyte II contains a centrosome and half the typical number of

chromosomes.
The second maturation division, which takes place without the intervention of

a resting stage, is of the homotype form.' Tlie centrosome divides, a new achromatic
spindle appears, and the daughter chromosomes gather at its equator. In the

metaphase the chromosomes divide into equal parts, which travel to the opposite

poles of the spindle during the anaphase, and when the telophase is completed the

grand-daughter cells, which are called spermatids, possess a centrosome and half the

typical number of chromosomes. In the resting stage which follows, the chromatic
particles become enclosed in a new-formed nucleus, and the centrosome, if it -has

not already divided, separates into two parts, one which lies nearer the nucleus and
is called the anterior centrosoine, and another, farther from the nucleus, termed the

posterior centrosome (Fig. 22). Numerous mitochondria are present, and an in-

definite structure, called the accessory body, is also found in the cell protoplasm.

A spermatid, therefore, differs from a typical animal cell not only because it

possesses the chromatic substance of only half the typical number of chromosomes,
but also because it possesses an accessory body and two centrosomes.

From Spermatid to Spermatozoon.—The reader will have noted that the

female gametes become mature and ready for conjugation with male gametes
directly after the second maturation division is completed. In the case of the

male germ cells, however, the spermatids which result from the second maturation
division have still to undergo a complicated process of transformation before they
become converted to spermatozoa or mature male gametes. The process of

transformation takes place in association with the nurse cells in which the

developing spermatozoa become embedded.
The details of the process of transformation are difficult to follow, and the

knowledge regarding them is still to some extent indefinite. Certain points,

however, are well established ; but before they are considered it is necessary that

the reader should be acquainted with the anatomy of an adult spermatozoon.

THE SPERMATOZOON.

A spermatozoon is a minute organism consisting of a head, a neck, a body,

a tail, and an end-piece. Its total length is about oO fi, that is, its length is

about the same as the diameter of the nucleus of the ovum.
The head has the form of a laterally compressed ovoid. It is separable into

anterior and posterior portions, and the anterior portion is more or less completely

covered l)y a head-cap, which culminates in a sharp ridge. The length of the head
is about 4"5

fx.

The neck is an extremely short constricted region which intervenes between
the head and the body. At its anterior end, where it joins the head, there is a

deeply staining anterior centrosome, and at its posterior end a similarly deep-

staining posterior centrosome, from which a deep-staining axial filament extends

posteriorly through the body and tail into the end-piece (Fig. 21).

2
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Head

Bodv

Tail

Body.

End piece—

Tail

Head cap

Ant. centrosome
Post, centrcsonie

Axial filament

Spiral sheath
Mitochondrial
sheath
End ring

- Axial filament

. Sheath of axial
filament

The Body.—The body is a little longer than the head, and its constituent parts
are: (1) a portion of the axial

filament
; (2) a portion of the

axial sheath
; (3) the spiral

sheath
; (4) the mitochondrial

sheath
; (5) the end-ring.

The axial sheath is a thin

layer of protoplasm immediately
surrounding the axial filament.

The spiral sheath consists of

a spiral fibril embedded in in-

different protoplasm, and the
mitochondrial sheath, which sur-

rounds the spiral sheath, is

formed by protoplasm contain-

ing numerous mitochondria.

The end-ring closes the pos-

terior ends of the spiral and
mitochondrial sheaths, and it is

^ B perforated by the axial filament
Fig. 20.—Human Spermatozoa and its sheath as they pass from

(after Retzius).
^j^g ^q^^, ^^^^ ^^^ ^^-j

A, Side view , B, Front view. rj,^^ ^^^ -^ 28.29 /. long. It

consists of prolongations of the axial filament and its

sheath, and it ends in the short thin end-piece.

The Transformation of the Spermatid into the
Spermatozoon.—As the transformation progresses the

nucleus of the spermatid becomes the head of the

spermatozoon. The axial filament grows out from the

posterior centrosome of the spermatid, which divides

into two parts, one of which becomes the posterior ^^^ ^^^^^

centrosome of the neck of the spermatozoon, whilst the

other becomas the end-ring of the body of the sperma- fig.21.-StructurbofaHuman
tOZOOn. Spermatozoon (after Meeves).

The anterior centrosome of the spermatid becomes

_ the anterior centrosome of the
.
_.- Nucleus - - -/Z_7y\ Head nucleus

\^y 'a Anterior centrosome

Posterior centrosome — -

Body •

End ring-

Axlal filament

Fio. 22.

—

Schema ok Transformation of Spermatid
INTO Spermatozoon (after Meeves, modified).

can only be surmised.

neck of the spermatozoon. The
cytoplasm of the spermatid forms

the axial sheath, the indifferent

protoplasm of the spiral sheath

and mitochondrial sheath. The
origin of the spiral filament and
the origin of the head-cap are

uncertain, but it is stated that,

in some animals, the head-cap is

formed from the accessory body,

which is not shown in Fig. 22.

The Object of the Reduction
of the Chromosomes.—The most
striking phenomenon of the pro-

cess of the maturation of the

gametes is the reduction of the

chromosomes. The constancy of

the reduction tends to emphasise
its iniyjortance, but, as we have
no definite knowledge of the

functions of the chromatic sub-

stance, the object of the reduction
The evidence which has been accumulated tends to the
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conclusion that the particles at' the chromatic suljstance are the bearers of

hereditary tendencies and capabilities.^ If this is the case, then they are the

means by wliich ancestral possessions, in the morphological sense, are transmitted

from generation to generation. There is evidence; also, first ascertained Ijy Mendel
and substantiated and increased in recent years by his followers, which lends

probability to the belief that the tendency carriers form two main groups: (1)

those which carry certain tendencies
; (2) those which carry opposite tendencies.

The bearcsrs of tendencies and the bearers of their opposites are allelomorphic

or alternative to eacli other, and are called allelomorphs. Thus the particles

which bear tallness and dwarfness respectively are allelomorphs, that is, they are

alternative to each other.

Further, the facts which are known suggest the idea that in the primitive germ
cells, and their descendants which contain the typical number of chromosomes, the

character-bearing particles are arranged in pairs of which both elements may bear

the same tendencies, or one may bear one tendency and the other the opposite.

For example, if red and l)lue be supposed to be opposite tendencies carried by
ditterent particles or allelomorphs, then the germ cells of any given animal, male
or female, may contain either a pair of red-bearing particles, a pair of blue-bearing

particles, or a red and a blue bearing particle associated together as a pair.

The reduction of the chromosomes during the maturation divisions of the germ
cells is an admitted fact, and it is believed that the reduction is a necessary

preliminary to the union of a male and a female gamete to form a zygote from
which a new individual may arise. It is assumed that the purpose of the

reduction is the segregation of the different tendency bearers from each other

in order that they may enter into new combinations. If this assumption is

correct, then every mature germ element or gamete contains only one element of

any given pair of tendency bearers, in the supposititious case under consideration,

either the red or the blue bearer, but not both ; and the object of the reducing
division is the segregation of the allelomorphs in order that they may enter into

new and possibly into different combinations, producing new and possibly varied

results.

If, in the case of any given group of animals, the mature germ cells of some of

both sexes contain the blue-bearing particles and others the red-bearing particles,

it necessarily follows that three possible results may ensue when impregnation
occurs, that is when two mature germ cells unite to form a zygote.

(1) A female gamete bearing red tendency particles may fuse with a male
gamete bearing red tendency particles

; (2) a female gamete bearing blue tendency
particles may meet and fuse with a male gamete bearing blue tendency particles

;

(3) a female gamete bearing red tendency particles may meet and fuse with a male
gamete bearing blue tendency particles. The constitution of the zygotes formed
may be stated as follows :

—

RE BB RB,

and the character of the individual developed from the zygote will vary according

to the combination. If two red tendency bearing gametes meet, the individual

will be red ; if two blue tendency bearing gametes meet, the individual produced
will be blue ; but when a gamete bearing red tendency particles unites with a

gamete bearing blue tendency particles the individual will be either red or blue

or a combination of the two, the result depending upon the relative potency or

dominance of the two tendencies.

Further exposition of this interesting subject would be out of place in a text-

book of anatomy, but it is of such great importance in association with the trans-

mission of hereditary characteristics and hereditary diseases that every medical
student should make himself familiar with its possibilities by consulting the works
of Bateson, Punnet, and other writers and observers who are attempting to solve

the compUcated problems which it presents.

^ It must be understood that this function, if it exists, does not prevent the chromatic particles possessing

other functions, and that tliere is no evidence that the potency of a tendency depends upon amount of chro-

matic substance.
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Fertilisation.

Fertilisation is the term applied to the union of the male with the female gamete

to form a zygote which contains the typical number of chromosomes (Fig. 23).

The meeting of the gametes and their union take place, normally, in the upper

or middle part of the uterine tube.

The details of the process are unknown in the case of the human subject, but

in many animals it has been noted that as the spermatozoon approaches the ovum
the latter shows signs of excitement, and a small prominence, called the cone of

attraction, appears on its surface. At the same time its pronucleus undergoes

changes of form. As the two gametes meet the spermatozoon pierces the oolemma
which surrounds the ovum and passes through the cone of attraction into the body

of the ovum.
In some cases apparently only the head, neck, and body of the spermatozoon

efifect an entrance, but in others the whole spermatozoon enters the body of the ovum.

After the entrance occurs and before the second polar body is formed, the parts of

Spermatozoon
Parts of first polar bocl^

Polar bodies

pronucleus "''^'^

Centrosome with
male pronucleus

Male pronucleus

Female
pronucleus

Oolemma

-v^Body of
mature ovum

Polar bodies Polar bodies

Male pronucleus,

Centrosome with .__•,

male pronucleus

Female
pronucleus

Oolemma

X-'Centrosome

V \ First
.-"'seg-menta-

tion nucleus

Centrosome

Fig. 23.

—

Schema of the Fertilisation of the Mature Ovum and the Formation of the Zygote.

the spermatozoon which have entered remain quiescent. After the second polar

body is formed they disappear and are replaced by a nucleus which contains half the

tyjjical number of chromosomes and which is accompanied by two centrosome§. At
this period the impregnated ovum contains two pronuclei, both of which contain

half the typical number of chromosomes ; but the female pronucleus has no accom-
panying centrosomes.

Shortly after the appearance of the male pronucleus the two pronuclei unite

and then the zygote, formed by the union of the male and female gametes,

consists of a cell body enclosing a nucleus called the first segmentation nucleus ; and
two centrosomes.

The first segmentation nucleus is the product of the union of the male and the

female jjronuclei. It contains the typical number of chromosomes, half being

derived from the male and half from the female gamete ; and it is accompanied by
two centrosomes, both of which appear to be derived from the male gamete, though
their exact origin has not yet been definitely established. The zygote and the

polar bodies which are still present are enclosed within the oolemma.
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Polar bo' I
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Fig. 24.

—

Segmentation of Zygote

2-Cell Stage.

Polar bodifs

Ooleiniiia

• Segmentation.

Immediatoly after its lorination the zygote is separated, by a series of consecu-

tive mitotic divisions, into a largt; number of cells which are grouped together

in the form of a solid s])h('rical mass, called a morula on account of the mulberry-

like appearance of its surface. This period of division

is called the period of segmentation (Figs. 24-27).

The segmentation divisions are of the homotypc
form, and there is evidence which tends to tlui con-

clusion that the earliest divisions, l)y which the zygote

is divided first into two and then into four parts, are

quantitatively and qualitatively equal. After a time,

however, the divisions result in the formation of cells

of different sizes and different capabilities, definite

and circumscribed functions being allocated to certain

groups of cells and their descendants. It is probable

that at this time cells are set apart which are the pro-

genitors of the germ cells of the next generation, and
which therefore retain all the capabilities of their

ancestors. These cells are the means by which the

species is reproduced and the hereditary tendencies

are transmitted from generation to generation. At the

same time other cells are set apart for the production

of the tissues and organs of the individual which will

be produced from the zygote, and in which the germ
cells and their descendants will be lodged and protected

till they attain their maturity.

After the morula is established one of the first

definite changes which occurs in its constitution is

the differentiation of its cells into an outer layer

and an inner mass (Fig. 26).

In the human subject, as in many other mammals,
the cells of the outer layer constitute the trophoblast

or trophoblastic ectoderm, which plays a most im-

portant part in the nutrition of the embryo and fcetus.

It enters into the formation of the chorion, or outer-

most envelope of the growing zygote, which is sub-

sequently differentiated into a placental and a non-
placental portion and which serves, in the first in-

stance, both as a protective and a nutritive covering.

In many mammals the cells of the inner mass
soon separate into two main groups, the ecto-mesoderm
and the entoderm ; but it appears probable that, in the

human subject, they differentiate into three groups,

ecto-mesoderm, primary mesoderm, and entoderm.

In the majority of mammals, immediately before or

as the differentiation of the inner mass occurs, a cavity

appears in the zygote. As soon as the cavity appears

the morula is converted into a blastula and the cavity

enlarges until it separates the inner mass from the

outer layer, except at one pole of the zygote, where the

inner mass and the outer layer remain in contact.

The cavity is called the segmentation cavity. It

would appear, however, from the evidence at present

available, that this primitive cavity never exists in the human subject, for as the

main part of the inner mass separates from the outer layer the cells of the primary

mesoderm segment of the inner mass proliferate rapidly and form a jelly-like tissue

which completely fills the space which would otherwise become the segmentation

cavity. At the same time the ecto-raesodermal and entodermal segments of the

Fig. 25.—Segmentation of Zygote

4-Cell Stage.^

Oolemma

Fig. 26.

—

Segmentation of Zygote.

Morula Stage.

Trophoblast
Ecto-mesoderm
Ectoderm ',\

EntodeW
Primary mesoderm

Fio. 27.

—

Differentiation of

Zygote and Cells (Hypothetical).
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Trophoblast

inner mass become converted into hollow vesicles by the appearance of cavities in

their interiors (Fig. 29).

When the above-mentioned changes have occurred the zygote consists of three

spheres, one large and two small. The large sphere is bounded by the tropho-

blast ; it contains the two small spheres and the

jelly-like mass of primary mesoderm derived from

the primary mesoderm segment of the inner mass
(Fig. 29).

The two small vesicles lie ex-centrically in the

interior of the larger vesicle. The larger and more
external of the two is the ecto-mesodermal vesicle.

It is separated from the trophoblast, peripherally,

and the entodermal vesicle, centrally, by the sur-

rounding primary mesoderm.
The early appearance of the mesoderm in the

zygote and its insinuation at so early a period be-

tween the ectoderm and the entoderm are pecuHar-

ities limited to the human subject. In most mammals
the mesoderm does not appear until the

embryonic area and its primitive streak are

defined.

The Embryonic Area.—The area where
the two inner vesicles he in apposition with

each other is the region of the zygote from
which the embryo will be formed ; it is

called, therefore, the embryonic area, and at

the time of its definition it consists of three

layers, ectoderm, primary mesoderm, and

entoderm. It is uncertain whether the

mesoderm which is present in the area at

this period takes part in the formation of

the embryo or is replaced at a later period

by mesoderm derived from the cells of the

ecto-mesodermal vesicle; the

Extra-
embryonic
entoderm

Primary mesoderm

Fid. 28.

—

Further Differentiation

OF Zygote (Hypothetical).

Plasmodial trophoblast

Cellular trophoblast \ - -
;

Amniotic ectoderm

Fig. 29.

—

Schema of Differentiation op
Zygote (Bryce's Ovum).

Plasmodial trophoblast
Cellular troi^hoblast <

Amniotic ectoderm

Amnion cavity

Embryonic
ecto-me.soderiii~^-

Extra-embryonif
coeloiii

latter certainly forms a large part

of the mesoderm of the embryo.

The Extra -Embryonic
Ccelom.— The extra - embryonic

ccelom is a space which appears

as two clefts, one on each side of

the embryonic area,in theprimary

mesoderm (Fig. 30). The clefts

fuse together round the periphery

of the embryonic area, and the

single space so formed expands

rapidly until the mesoderm which
originally filled the greater part

of the larger vesicle becomes con-

verted into a thin layer which
lines the inner surface of the

trophoblast and covers the outer

surfaces of the epithelial walls of

the extra-embryonic parts of the

two inner vesicles (Fig. 32).

The extra-embryonic coelom does not extend into the embryonic area, and

it never coinjjletely separates the ecto-mesodermal vesicle from the inner surface

of the trophoblast ; on the contrary, the jjrimary mesoderm on the outer surl'ace

of the ecto-mesodermal vesicle retains its continuity with the mesoderm on the

inner surface of the trophoblast until the termination of intrauterine life, and

Primary me.soder

FlO. .30.—SCHK.VIA OF JdlKKIih.MIATIDN OF ZYGOTE
(Peter's Ovum).
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Plasmodial trophoblast.

Cellular trojihoblast

it takes part, as will be seen later, in the formation of tlie um]»ilical cord, which
connects the foitus with the placenta (p. 54).

The Differentiation of the Embryonic Area.—As the emhryonic area is the

area ot conlact between the ecto-inesuderniJil and the entodermal vesicles it is, at

first, circular in outline. As growth continues the area becomes oval, and a linear

streak, tiie primitive streak, appears in that part of the oval wliich becomes the

posterior part of the area (Fig. 31).

At the same time the position of the mesodermal elements of the wall of the

ecto-mesodermal vesicle is revealed, for the primitive streak is a tliickened ridge pf

cells which grows from the ecto-mesoderm and projects against the entoderm in the

posterior part of the endtryonic area, pusiiing aside the primitive mesoderm which
intervened between the adjacent parts of the walls of tiie ecto-mesodermal and the

entoilermal vesicles. The deeper cells of the ridge, those next the entoderm, are

the mesodermal elements of the primitive ecto-mesoderm, and, by proliferation,

they form the larger part, if not the whole, of the embryonic mesoderm and also an
organ, called tin- notochord. The mesoderm produced from the primitive streak

may be termed the secondary mesoderm.

Immediately after the formation of the primitive streak a groove, the neural

groove, appears in the anterior

part of the embryonic area. Embryonic ana

It is formed by the longi-

tudinal folding of a thickened

plate of ectoderm, the neural

plate, which is the rudiment
of the whole of the central

and peripheral portions of the

nervous system, except per-

haps the olfactory nerves, and
the end organs of the sensory

nerves. From it also are de-

rived the cells of the primitive

sheaths of the nerve -fibres

and the chromaffin cells of the

supra-renal glands and other

chromaffin bodies.

The lateral walls of the

neural groove are called the

neural folds.

Almost from the first the anterior ends of the neural folds are united together

a short distance posterior to the anterior end of the embryonic area. Their

posterior ends, which remain separate for a time, embrace the anterior part of the

primitive streak. In the meantime, however, a groove, the primitive groove, has

appeared on the surface of the primitive streak. The anterior end of the primitive

groove deepens, until it forms a perforation which passes, through the anterior end

of the streak and the subjacent entoderm, into the cavity of the entodermal vesicle.

As this perforation passes from the floor of the posterior part of the neural groove

into that part of the entodermal vesicle which afterwards becomes the primitive

enteron or alimentary canal, it is called the neurenteric canal. The neurenteric

canal is but a transitory passage, and it disappears in man and other mammals
before the neural groove is converted into a closed neural tube.

After the appearance of the primitive groove and the neurenteric canal the

posterior ends of the neural folds converge, across the anterior part of the primitive

streak and groove, and fuse together posterior to the neurenteric canal. The
primitive streak is thus divided into two portions. (1) An anterior portion, which

lies at first in the floor of the neural groove, and, later, in the floor or ventral wall

of the posterior end of the spinal medulla: and (2) a posterior portion, which

remains on the surface and takes part in the formation of the median portion of

the posterior end of the body, forming the perineum, and the median part of the

ventral wall of the body, from the perineum to the umbilicus. It. is through the

^
Mesoderm lining

of trophoblast

MesoJenn of amnion

Neural foM

Ectoderm of aiiuii'

Neurenteric caiia

Primitive streak
*'

Mesoderm of body,
(allantoic) stalk

Fig. 31.

—

Schema ok Dorsal Scrkace of Embryonic Area of
Zygote after the removal op part op the Chorion and
part of the amnion.
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perineal section of the posterior part of the primitive streak that, at a later period

of embryonic hfe, the anal and urogenital orifices of the body are formed.

The Formation of the
Anterior end of neural fold

Plasmodial trophoblast

, Cellular trophoblast
Amnion cavity [blast

Mesoderm lining of troplio-

Mesoderin of amnion

Ectoderm of amnion

Allantoic diverticulum
of entoderm vesicle

Body stalk mesoderm

Extra-embryonic coeloni

Entoderm

Mesoderm covering of

entoderm vesicle

eurenteric canal

davity of entodermal vesicle

Fig. 32.

—

Schema of Sagittal Section of Zygote along

Line A in Fig. 31.

Chorion
Plasmodial trophoblast
Cellular trophoblast

Xeural groove

Notochord and the Secondary
Mesoderm.—The notochord

and the secondary mesoderm are

formed from the primitive

streak; the notochord from its an-

terior extremity, and the second-

ary mesoderm from its lateral

margins and posterior end.

As soon as the primitive

streak is established its anterior

end becomes a node or centre

of growth by means of which
the length and, to a certain

extent, the breadth of the body
are increased. The portion of

the body formed by the activity

of the anterior end of the streak

is the dorsal portion, from the

back part of the roof of the nose,

anteriorly, to the posterior end
of the trunk. The perineum
and the ventral wall of the

body, from the perineum to the

umbihcus, are formed from the

posterior part of the primitive

streak. Nevertheless, the
primitive streak undergoes little

or no increase in length ; in-

deed, as growth continues, it

becomes relatively shorter as

contrasted with the total length

of the embryonic region, for the

new material, formed by its

borders and its anterior ex-

tremity, is transformed into

the tissues of embryo as rapidly

as it is created.

The Notochord.— The
notochord or primitive skeletal

axis is formed by the prolifera-

tion of cells from the anterior

end of the primitive streak.

On its first appearance it is a

narrow process of cells, the head
process, which projects forwards

from the anterior boundary of

the neurenteric canal, between
the ectoderm and the entoderm.

Shortly after its appearance the

head process wedges its way
between the entoderm cells, and
from that period onwards, as

the posterior parts are formed,
by continued proUferation from the front end of the primitive streak, they are at
once intercalated in the dorsal wall of the entodermal sac, where they remain,
forming a part of the dorsal wall of the entodermal cavity (Fig. 33), for a
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Fig. 33. -Schema of Transverse Section of Zygote along
Line B in Fig. 31.
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Fio. 34.—Schema of Tran.sverse Section ok Zygote along
Line C in Fig. 31.
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considerable time. At a later period the notocliordal cells are excalated from the

entodorm, and then they form a cylindrical rod of cells which occupies the median
plane, lyinj^ between the Hoor of tht^ ectodermal neural groove and th(! entcjdermal

roof of tlu^ primitive alimentary canal, which, in the; meantime, has been more or

less moulded off from the dorsal part of the entodermal sac (Fig. 37). For a still

longer time the caudal end of the notochord remains connected with the anterior

end of the i)rimitive streak, and its cephalic end is continuous with the entoderm
of a small portion of the embryonic area, which lies immediately in front of the

anterior end of the neural groove and which becomes bilaminar by the disappearance

of the primary mesoderm. This region, because it afterwards I'orms the boundary
membrane between the anterior end of the primitive entotlermal canal and the

primitive buccal cavity or stomatodaeum, is called the bucco-pharyngeal membrane
(Fig. 55, p. 42). - It disappears about the third week of embryonic life, and imnudi-
ately afterwards the anterior end of the notochord separates from the entoderm,

but the posterior end remains continuous with the primitive streak, until the f(jr-

mation of the neural tube is completed.

After a time the cylindrical notocliordal rod is surrounded by secondary

mesoderm which becomes converted into the vertebral column of the adult. As
the vertebral column is formed the notochord is enlarged in the regions of the inter-

vertebral tibro-cartilages and for a time assumes a nodulated appearance (Fig. 60).

Ultimately the notochord disappears, as a distinct structure, but remnants of

it are believed to exist as the pulpy centres of the intervertebral fibro-cartilages.

The extension of the notochord into the region of the head is of interest from a

morphological, and possibly also from a practical point of view. It extends

through the base of the cranium from the anterior border of the foramen magnum
into the posterior part of the body of the sphenoid bone. Its presence in the

posterior part of the skull suggests that that region was, primitively, of vertebral

nature. As the notochord passes through the occipital portion of the skull it

pierces the basilar portion of the occipital region first from within outwards and then

in the reverse direction. It lies, therefore, for a short distance, on the ventral

surface of the rudiment of the occipital bone, in the dorsal wall of the pharynx,

and it is possible that some of the tumours which form in the dorsal wall of the

pharynx are due to the proliferation of remnants of its pharyngeal portion.

The Differentiation of the Secondary Mesoderm.—It has already been

noted that a portion of the inner mass of the human zygote becomes converted

directly into mesoderm which may be called, for convenience, primary mesoderm.

It was stated also that the wall of the larger of the two inner vesicles of the

zygote consists of ecto-mesoderm, that term being intended to convey the idea

that the cells of the wall of the larger inner vesicle were the progenitors of both

ectodermal and mesodermal cells.

As soon as the larger of the two inner vesicles is formed two areas of its

wall are defined : (1) the part in contact with the smaller inner or entodermal

vesicle and (2) the remainder. As future events prove, the cells of the larger

area, which is not in contact with the entodermal vesicle, simply produce

ectodermal descendants which line the inner surface of a sac-like covering of the

embryo termed the amnion ; they are, therefore, the predecessors of the amniotic

ectoderm.

The cells of the larger inner vesicle, which lie adjacent to the smaller entoderm
vesicle, and are merely separated from the entoderm l»y a thin layer of primary

mesoderm, take part in the formation of the embryo ; forming, with the entoderm,

the embryonic area from which the embryo is evolved. These cells are the fore-

runners of both ectoderm and mesoderm, and as the mesoderm developed from

them is differentiated after the formation of the primary mesoderm it may be

termed secondary mesoderm or primitive streak mesoderm ; the latter term being

applied because it is differentiated in a linear region called the primitive streak

(p. 23). It is the formation and fate of this primitive streak mesoderm which is

now to be considered.

At first the embryonic area is circular in outline, at a later period it becomes

ovoid, and in the narrower or caudal portion of the ovoid area a linear thickening
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Transverse Section ok a Zygote, showing early stage

of embryonic secondary mesoderm before the appearance of the

embryonic parts of ccelom.
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Transverse Section of a Zygote, showing early

stage of development of embryonic ccelom and differentiation

of mesoderm.
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Transverse Section ok a Zygote, showing union of

intra- and extra-embryonic parts of ccelom and .separation of

embryonic mesoderm into paraxial bans, intermediate tracts,

and lateral plates, with separation of lateral plates into

somatic and splanchnic layers by the intra-embryonic part of
the ccelom.

appears ; this is the primitive

streak(rigs.31, 34). Itisformed
by the proKferation of the ecto-

mesodermal cells of the wall of

the larger inner vesicle. The
deeper cells of the streak, which
displace the primary mesoderm
from the median plane, and thus

come into contact with the
entoderm, are the rudiments
of the secondary or primitive

streak mesoderm (Fig. 34).

The superficial cells form part

of the surface ectoderm of the

embryo.
At the anterior end of the

primitive streak the mesoder-
mal elements of the streak fuse

with the subjacent entoderm
and through the fused mass
a perforation, the neurenteric

canal (p. 23), is formed (Fig.

32).

The canal itself soon dis-

appears, but the cells of its

walls form a nodal growing
point, and by their proliferation

the length and breadth of the

embryonic area are increased.

The mesoderm cells proliferated

from the cephalic border of the

nodal point are the rudiments
of the notochord, which has

already been considered (p.

24).

It is uncertain whether or

not the mesodermal cells

budded off from the nodal point

blend with the cells of the

primary mesoderm, but there

can be little doubt that they

form by far the greater part,

if not the whole, of the perma-
nent mesoderm of the embryo.

Either by displacement or

|jy union with the primary
mesoderm the secondary meso-
derm forms a continuous sheet

of cells, in the embryonic area,on
each side of the median plane.

Each of the lateral sheets

is thickest where it abuts
against the notochord and the

wall of the neural groove, and
thinnest at its peripheral

margin, where it is continuous

with the primary mesoderm of

the extra-embryonic area (Fig.

35).
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At the cephalic end of thC; embryonic area the medial margins of the

mesodermal sheets fuse together across tlie median plane, forming a transverse

bar of mesodermal cells which may be called the pericardial mesoderm (Fig. 48),

because tlic pericardial sac, which envelops the heart, is afterwards developed

from it. The area in which this mesoderm lies may be named the pericardial

region of the embryonic areii (Fig. 48).

Between the bar of pericardial mesoderm, the cephalic end of the neural

groove, and the medial margins of the mesodermal ])lates lies a small segment of

the embryonic area from which the primary mesoderm entirely disappears, leaving

the ectoderm and entoderm in contact. This is the bucco-pliaryngeal area. It

afterwards becomes the bucco-pharsmgeal membrane (Figs. 50, oo;, wbich separates

the primitive mouth or stomatoda-um from the cephalic end of the primitive

entodermal alimentary canal. As already stated, the bucco-pharyngeal membrane
disappears during the third week, when the stomatodseum and the jjrimitive

alimentary canal become ^
.^ Plasmodial troijhoblast -i

Cellular trophoblasit VCIiorion

^Mesoderm lining

, -tioplioblaiit J

Mesoderm covering
entoderm ve.sicle

-- Mesoderm of amnion

Mesodermal somites
(paraxial mesclerm)

;. Ectoderm of amnion

^^ Mesoderm of body-stalk

Fig.

continuous with each other.

Between the bucco-

pharyngeal area and the

cephalic end of the primi-

tive streak the medial

margins of the mesodermal
plates are separated from
one another by the noto-

chord and the neural
groove (Fig. 36), and still

more caudally they are

united with the sides of

the streak (Fig. 34).

After the permanent
mesodermal plates are de-

finitely established a series

of clefts appear in their

peripheral margins. The
clefts, on each side, soon

fuse together to form the

])ilateral rudiments of the

embryonic coelom (Fig. 36).

The septum of cells at

the lateral border of the

embryonic area on each

side, which, for a time,

separates the emliryonic

from the extra-embryonic coelom, soon disappears, and the coelom then forms a

continuous cavity (Fig. 37).

The embryonic coelom also extends medially, but the medial extension ceases

whilst the cavity is still at some distance from the median plane, except at the

cephalic end of the emljryonic area, where the two lateral halves of the embryonic

ccelom become continuous with one another through the interior of the pericardial

mesodermal Itar (Figs. 49, 55).

As the embryonic coelom is forming and extending, a longitudinal constriction

appears in each lateral half of the mesoderm, a short distance from its medial

border. This constriction separates each plate into three parts : (1) a medial bar, the

paraxial mesoderm, which lies at the side of the neural groove and the notochord (Fig.

37); (2 the constricted portion, which is called the intermediate cell tract; and (3)

the part lateral to the constriction, which is called the lateral plate (Fig. 37).

The embryonic coelom is confined, as a rule, in the human sul)ject, to the lateral

plate, which it divides into a superficial layer, next the ectoderm, the somatic

mesoderm, and a deeper layer, next the entoderm, the splanchnic mesoderm.

The medial borders of the somatic and splanchnic mesoderm are continuous

33.

—

Schema of Dorsal A.spect of E.mbkvo, showing partial

closure of neural groove.

Portions of the choriou and amnion have been removed.

Tlie neural folds have fused, except in the cephalic and caudal regions,

both the cephalic and the caudal ends of the embryo have been bent

ventrically and thirteen mesodermal somites have been formed.



28 HUMAN EMBEYOLOGY.

with one another round the medial border of the ccBlom. The lateral border of the

somatic mesoderm is continuous, at the margin of the embryonic area, with the

mesoderm which covers the outer surface of the amnion, and the lateral border
of the splanchnic layer is continuous with the mesoderm on the wall of the

extra-embryonic or yolk-sac portion of the entodermal sac.

The Paraxial Mesoderm.—Each paraxial mesodermal bar soon assumes the form
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Plasmodial trophob)ast ^

Neural tube . .\, , ->>.^

Mesodermal somite

Notochord ^

Intermediate cell tract _ ^
Amnion cavity

. _
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Coeloni _, -

Splanchnic mesodenn _ ^ -

Primitive gut ^ -
'

Extra-embryonic coelonr
''

Wall of yolk-sac ^
'

Cavity of yolk-sac

Fig. .39.

—

Transverse Section of the Zygote shown in Fig. 38, showing the differentiation

of the mesoderm.

of a triangular prism with the apex directed ventro-medially, towards the notochord,
and the base dorso-laterally, towards the surface ectoderm.

The cephahc portion of each paraxial bar, as far caudalwards as the middle
of the hind-brain, remains unsegmented, but the remainder is cut into a number of

Chorion
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Spinal ganglion

Sympathetic ganglion
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Fig. 40.—Schema of a Transverse Section of a Zygote, showing differentiation of mesoderm and
extension of amnion.

segments, the mesodermal somites, by a series of transverse clefts (Fig. 38). The
first cleft appears in the region of the hind-brain, and the others are formed
successively, each caudal to its predecessor. Only three or four somites lie in the
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region of the head ; tlie remainder are in the hody area of the embryonic region.

The segmentation of the paraxial bars commences before their elongation is com-

pleted, and tlie posterior somites are separated off as the paraxial bars are extended

by the continued proliferation from the nodal point at the anterior end of the

primitive streak.

Wlien they are tirst defined the somites are solid masses of cells, but in a short

time a cavity—the cadom of the somite or myocoele—is developed in each mass.
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-Bctodcrm of amuion

—
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Fig. 41.

A. Transverse section of a zygote, showing the constituent parts.

B. Diagram of embrj'onic area sliowing parts of neural plate and j)riniitive streak.

The apical portion of the hollow mesodermal somite is its scleratogenous segment.

The cells of the scleratogenous section of the somite undergo rapid proliferation.

Some of the newly formed scleratogenous cells invade the myoccele ; others migrate
towards the notochord ; finally, the scleratogenous cells separate from the remainder
of the somite, and as they increase in number they migrate along the sides of
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Fio. 42.

A. Diagram of a transverse section of a zygote, showing.the formation of a neural groove in the embryonic area.

B. Diagram of a surface view of the embryonic area of the same zygote.

the notochord and the neural tube, which has been formed in the meantime ffom the

neural groove, and join with their fellows of the opposite side, and with their

cephalic and caudal neighbours. In this way is formed, around the neural tube
and the notochord, a continuous sheath of mesoderm, the membranous vertebral

column, from which are differentiated, in later stages, the vertebral colunm and its

ligaments, and the membranes of the brain and the spinal medulla.
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After the separation of the scleratogenous segments of the mesodermal somites,

the remainders of the somites, each of which consists of a fiat plate with incurved
dorsal and ventral margins, constitute the muscle plates from which the striped

muscle iibres are derived.

In tlxe opinion of some observers tlie outermost portion of each of the above-described plates

is developed into subcutaneous connective tissue cells ; consequently it is sjjoken of as the cutis

lamella. According to this view the muscle cells are formed from the innermost cells and the

incurved margins of the jjlates.

The Intermediate Cell Tracts.—The intermediate cell tracts are the rudiments
of the internal organs of the genital system and the temporary and permanent
urinary system, \\-ith the exception of the urinary bladder and the urethra.

The Lateral Plates.—From the cells of the lateral plates are formed the lining

endothelial cells of the great serous cavities of the body—the pleurae, the peri-

cardium, and the peritoneum ; the majority of the connective tissues, with the

exception of those of the vertebral column and the head, the greater part or

all the mesoderm of the limbs, and, probably, the unstriped muscle fibres of the

walls of the alimentary canal and the blood-vessels.
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Fig. 43.

A. Diagram of a transverse section of a zygote, in which the neural tube has formed but has not separated

from the surface ectoderm.

B. Diagram of embryonic area of same zygote. Compare with surface view of embryo in Fig. 38.

The Cephalic Mesoderm. ^—It has already been noted that the mesoderm of the

head Ijecomes segmented only in the region of the caudal part of the hind-brain,

where four cephalic mesodermal somites are formed on each side. From the

scleratogenous portions of these somites are developed the occipital part of the skull

and the corresponding portions of the membranes of the brain, and from their

muscle plates the intrinsic muscles of the tongue.

The unsegmented part of the cephalic mesoderm gives rise to the remaining

muscles and connective tissues of the head region.

Early Stages of the Development of the Nervous System.—No definite trace

of the nervous system is present until the primitive streak has formed and the

emVjryonic area has passed from a circular to an elongated form. Then an area of

thickened ectoderm, the neural plate, appears in the anterior part of the embryonic

area. It commences a short distance posterior to the anterior end of the area,

and its posterior extreuiity embraces the anterior end of the primitive streak. Its

lateral margins fade into the surrounding ectoderm, and, in the earliest stages,

cannot be definitely defined ; but, as the elongation of the plate continues coinci-

dently with the elongation of the embryonic area, the lateral margins of the plate

are elevated as the mesoderm beneath them thickens, and so they become distinct.
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As the lateral inargius of the neural plate are raised the plate is necessarily lolded

longitudinally, and the sulcus so furnied is called the neural groove. Each side

wall of the neural groove, formed by the corresponding half of the neural plate, is

a neural fold. At a very early period the neural folds unite anteriorly to form the

anterior ))oundary of the neural groove, and, somewhat later, they unite posteriorly,

caudal to the neurenteric canal and across the anterior end of the primitive streak.

After the lateral boundaries and the anterior and posterior extremities of the neural

groove are defined, the lateral margins of the neural folds converge until they meet
and fuse in the median plane, and the neural groove is thus converted into the

neural tube, which possesses a floor or ventral wall, formed by the central part ol
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Koof- plate
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Fig. 44.—Diaor.\ms illustrating the formation of (1) the rudiments of the primitive ganglion from the neural
crest. (2) The differentiation of different parts of the primitive ganglion into permanent ganglion root,
sympathetic ganglion, and masses of chromaffin cells. (3) The formation of the anterior and posterior
nerve-roots. (4) The differentiation of the walls of the neural tube into ependvmal matter and
peripheral layers.

The cells of the primitive ganglion which form the primitive sheaths of the nerves are not shown in the
diagrams.

the original neural plate and called the basal plate or floor-plate ; a dorsal wall or
roof-plate, and two lateral walls formed by the lateral parts of the neural plate.

The fusion of the lateral margins of the neural plate to form the roof-plate
of the neural tube commences in the cervical region, and from there extends
cranialwards and caudalwards, therefore the last parts of the roof-plate which
are formed are its anterior and its posterior extremities ; consequently, for a time,
the neural canal, which is the cavity of the tube, opens on the surface at its

anterior and posterior ends; the anterior opening being called the anterior
neuropore, whilst the open part at the posterior end is termed the posterior
neuropore (Fig. 43). Eventually, however, about the third week of embryonic
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life both apertures are closed and, for a time, the neural canal becomes a completely

closed cavity.

As the margins of the neural groove rise and converge they carry with them

the adjacent ectoderm to which they are attached, and which forms part of the

surface covering of the embryo ; consequently, when the lateral margins of the

folds meet and unite, the tube, which is completed by their fusion, is embedded in

the body of the embryo, but, for a time, its dorsal wall is attached to the surface

ectoderm by a ridge of cells, formed by the fused lateral margins of the neural

plate. This ridge is called the neural crest (Figs. 41-44).

The neural crest is the rudiment of the cerebral and spinal nerve ganglia, the

sympathetic gangha, the chromaffin cells of the chromaffin organs, and the cellular

sheaths of the peripheral nerves; whilst the walls of the neural tube become

transformed into the various constituent parts of the central nervous system, the

brain and spinal medulla, the retinae of the eye-balls, and the optic nerves.^

The Formation of the Nerve Ganglia, the Chromaffin Tissues, and the

Primitive Nerve Sheaths.—The primitive ganglia grow as cell buds from the

neural crest which, for a time, connects the dorsal wall of the neural tube with

the surface ectoderm. In the body region they correspond in number with the

spinal nerves and with the primitive segments into which the^ mesoderm becomes

divided, but in the cephaUc region their arrangement is more irregular, and some

of the gansha of the cerebral nerves receive additional cell elements from the

surface ectoderm.

Simultaneously with the appearance of the cell buds which form the primitive

gangha, the neural crest disappears, and directly after the ganglia are formed they

lose their connexion with both the neural tube and the surface ectoderm and

become isolated cell clumps. At this period, therefore, the nervous system

consists of the neural tube and the primitive ganglia.

After the primitive gangha have lost their connexion with the neural tube

they increase in size by the proHferation of their constituent cells, and they

migrate ventrally along the sides of the neural tube, but the migration ceases

before the ventral ends of the gangha reach the level of the ventral wall of

the tube. As the migration proceeds clumps of cells are budded off* from the

ventral ends of the gangha. These secondary cell buds are the rudiments of

the sympathetic ganghon cells and of the chromaffin tissue which is found in

the sympathetic nerve plexuses, the medulla of the suprarenal glands, and in the

carotid glands. In the first instance the secondary cell buds which form the

sympathetic gangha wander ventrally and medially, from the ventral ends of

the primitive ganglia, until they attain the positions afterwards occupied by the

ganglia of the sympathetic trunks on the ventro-lateral aspects of the vertebral

coluum. From the primary sympathetic gangha, buds of cells are given off"; these

buds wander still further ventrally to become the cells of the gangha of the cardiac,

coehac, and other great ganghonic nerve plexuses, as well as to form the

chromaffin cells of the chromaffin organs.

The exact manner in which the cells of the primitive sheaths of the nerves

originate from the primitive gangha is not known, but it has been shown by
Harrison, in the case of the frog, that if the primitive ganglia are destroyed,

the primitive sheaths of the nerves are not formed. Presumably, therefore, in the

frog the cellular sheaths of the nerves are derived from cells produced by the

primitive gangha, and it may be assumed that they have a similar origin in

the human subject.

After the rudiments of the sympathetic system, the chromaffin cells, and the

cellular sh(;aths of the nerves have separated, the remains of the primitive ganglia

become the permanent spinal and cerebral nerve gangha.

In the early stages these ganglia are completely isolated structures which lie

along the sides of the neural tube between the lateral walls of the tube medially,

and the mesoderm somites laterally.

Some time after the ganglia of the cerebral and spinal nerves l)ecome isolated

' It is stated that some of tlie sympathetic nerve-cells are derived from the ventral parts of the lateral

walls of the neural tube, Vjut the evidence on this point is not entirely satisfactory.
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their cells give off processes which become nerve-fibres. These fibres grow out

both from tlie dorsal and the ventral ends of the ganglia, and, together with the

ganglia, they form, in the cranial region, certain of the cerebral nerves, and, in

the spinal region, tiie posterior roots of the spinal nerves.

The fibres which grow out of the dorsal ends uf the ganglia enter the walls

of the neural tube, and by their means the gangHa regain connexion with the

tube.

The fibres which grow out from the ventral end of each spinal ganghou unite

with the fibres of the corresponding anterior nerve-root, which, in the meantime,

has grown out from the cells of the ventral part of the lateral wall of the spinal

portion of tlie neural tube, and form with them a spinal nerve-trunk.

The Differentiation of the Neural Tube.—Before the neural groove is con-

verted into a closed tube, an expansion of its anterior part indicates the separation

of tlie neural rudiment into cerebral and spinal sections, the dilated portion being

the rudiment of the brain and undilated part the rudiment of the spinal medulla.

Whilst the cere})ral portion is still unclosed, three secondary dilatations of its

walls indicate its separation into three sections, the primitive fore-brain, the

mid-brain, and the hind-brain ; the primitive fore-l)rain being the most cephalward

or anterior and the liind-brain the most caudal or posterior of the three (Fig. 38).

Shortly after the tln*ee segments of the brain are defined, and Itefore it becomes

a closed tube, a vesicular evagination forms at the cephalic end of each lateral

wall of the primitive fore-brain region. These evaginations arc the primary optic

vesicles, and they are the rudiments of the optic nerves, the retinae, and the

posterior epithelium of the ciliary body and the iris of the eye-ball.

When the cere])ral portions of the neural folds meet and fuse dorsally the

cerebral dilatations become the primitive brain vesicles, each vesicle possessing

its own cavity and walls, but the cavities of the three vesicles are continuous with

one 'another, and the cavity of the hind-brain vesicle is continuous, caudally, with

the central canal of the spinal part of the neural tube.

After the primitive brain vesicles are formed, a diverticulum grows out from

the cephalic end of the primitive fore-brain vesicle. This is the rudiment of the

secondary fore-brain. Its cephaUc end soon divides into two lateral halves, which

are the rudiments of the cerebral hemispheres of the adult brain (Fig. 45).

After their formation the cerebral hemispheres expand rapidly in all direc-

tions. They soon overlap the primitive fore-brain and mid-brain (Fig. 63), and,

eventually, the liind-brain also, and each gives off from the cephaUc end of its

ventral wall a secondary diverticulum, the olfactory diverticulum, which becomes

converted, later, into the olfactory bulb and olfactory tract.

When they first appear the rudiments of the cerebral hemispheres are con-

nected together, across the median plane, by a part of the cephalic end of the

wall of the secondary fore-brain dilatation, which is called the lamina terminalis.

This primitive connexion between the two cerebral hemispheres persists through-

cut the whole of hfe, and it is supplemented, at a later period, by the formation

of three secondary commissures, the corpus callosum and the fornix, which grow

across the space between the cerebral hemispheres and connect their medial walls

together, and the anterior commissure which grows through the lamina terminalis

and connects the temporal portions of the two hemispheres.

The Fate of the Walls of the Primitive Brain Vesicles.—The primitive

hind-brain, which is also called the rhomltencephalon, is separated in the later

stages of development into two parts. (1) A caudal portion which is connected

with the medulla spinalis, and which becomes the medulla oblongata or myelen-

cephalon of tlie adult brain. (2) A cephalic portion which is continuous at one

end with the medulla oblongata and at the other with the mid-brain. The ventral

wall of the cephalic portion of the primitive hind-brain is ultimately converted

into the pons, and its dorsal wall differentiates into two parts—a caudal part

which becomes the cerebellmn ; and a cephaUc part which is converted into the

anterior medullary velum and the brachia conjunctiva. The brachia conjunctiva

connect the cerebellum with the ventral part of the mid-brain. The pons and

cerebellum form the metencephalon of the adult, whilst the brachia conjunctiva

3
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DORSALIS

and tlie anterior medullary velum constitute parts of the isthmus rhombencephali

(Figs. 45, 63).

The ventral portion of the primitive mid-brain is converted into the two

peduncles of the cerebrum of the adult l)rain, and the dorsal portion is transformed

into four rounded elevations, the colhculi or corpora quadrigemina.

The transformations which take place in the region of the primitive fore-brain

or prosencephalon are numerous and comphcated; therefore its ventral, lateral,

and dorsal walls require separate consideration.

By the expansion of its cephalic (anterior) extremity is formed the secondary

fore-brain, which becomes di\'ided, as already explained, into the two secondary

vesicles which are the rudiments of the cerebral hemispheres of the completed brain.

After the formation of the rudiments of the cerebral hemispheres, which
constitute the tel-

encephalon of the

adult, the primi-

tive fore-brain and
the undivided
stalk ofthe second-

ary fore-brain
diverticulum be-

come the dience-

phalon.

The cephalic

or anterior end of

the diencephalon

is closed by the

lamina terminahs

(see p. 33), in

association with
which are subse-

quently developed

Fig. 45.

—

Diagrams to illustrate the Alar and Basal Lamina. In both two columns
cases the embryonic brain is represented in mesial section (His). which run dorSO-

A. The different subdivisions of the brain are marked off from each other by dotted VCntrally, the
lines, and the dotted line running in the long axis of the neural tube indicates the polriTTiTio of the
separation of the alar from the basal lamina of the lateral wall. . /pk m

B. Medial section through the brain of a human embryo at the end of the first .
•ii

'

A 1

month. Dotted lines mark ofi" the different regions and also the alar and basal tSriOI pillarsj, anCl

laminae from each other. twO tranSVerse
H, Buccal part of hypophysis cerebri ; RL, Olfactory lobe ; C.Str, Corpus striatum

;
COmmisSUres, One

A, Entrance to optic stalk ; 0, Optic recess ; I, Infimdibular recess ; T, Tuber q^ wbicb COnnectS
cinereum ; M, Mamillary eminence. , ,, i.i j.

•^ together the two
cerebral hemispheres and is called the anterior commissure, whilst the other is

the optic chiasma in which the medial fibres of the optic nerves decussate.

From the cephalic or anterior end of the ventral wall of the diencephalon a

diverticulum is projected ventrally towards the dorsal wall of the primitive mouth.
The ventral end of this diverticulum becomes the posterior lobe of the hypophysis

(O.T. pituitary body) of the adult, tlie dorsal end becomes the tuher cinereum, and
the intermediate part is the infundihulum which connects the tuber cinereum of

the adult brain with the posterior lobe of the hypophysis.
Caudal to the hypophyseal diverticulum a single elevation appears in the

ventral wall of the diencephalon. It is the corpus mamillare, which afterwards
separates into the paired corpora mamillaria of the adult lirain.

Still more caudally tlie ventral wall of the diencephalon takes part in the
formation of the substantia perforata posterior, which lies between the two
peduncles of tlie cerebrum and is partly developed from the cephalic or anterior

end of the ventral wall of the ]:)rimitive mid-brain.

The greater part of the dorsal wall of the diencephalon is ultimately reduced
to a single layer of epithelial cells, but near its caudal end a diverticulum is

projected dorsally. This is the epiphysis or pineal body, which remains quite
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Spon^oblast

/ Roof-plato

Spongioblast

Floor- plate

Fl(i. 46.

A. Diagram of a trausveise section of a spinal medulla wliicli liaH

not difl'erentiatetl into groups of cells.

B. Diagram of a transverse section of a spinal medulla showing
positions of germinal cells.

rudinientaiy in man as contrasted: witli many otlier animals. At a later period

two transverse bands of fil)res appear in the dorsal wall of the diencei)halon, one
in front of and the other immediately hehiiid the root of tlie einphyseal recess.

The anterior hand is the dorsal or habenular commissure, and the posterioi- is the

]>osterior commissure of the adult hrain.

These structures, collectively, together with a small diverticulum of the
epithelial roof, which appears

anterior to the dorsal com-
missure, and is called the

supra-pineal recess, constitute

the so-called epithalamus.

Eacli lateral wall of the

diencephalon is diflJerentiated

into a dorsal and a ventral

part. The dorsal part forms

a large gray mass called the

thalamus, and on the posterior

end of the thalanuis are de-

veloped two rounded eleva-

tions, the medial and the

lateral geniculate bodies,

which constitute the meta-

thalamus of the adult brain.

The ventral or basal portion of the lateral wall of the diencephalon, together
with the adjacent part of the ventral wall, forms the hypothalamus of the fully

developed l)rain.

The Fate of the Spinal Portion of the Primitive Neural Tube.— The
spinal portion of the neural tul)e, during the first three months of intra- uterine
life, develops equally in its whole extent, but after that period a longer cephalic or

anterior (superior in the erect posture) and a shorter caudal portion are recognisable.

The cephalic portion undergoes still further development and is converted into

the spinal medulla of the adult,

but in the smaller caudal or

posterior portion retrogressive

changes occur, and it is trans-

formed into the non-functional

filum terminale of the completed
medulla spinalis.

Histological Differentiation

of the Walls of the Neural Tube.
—In the earUest stages of its de-

velopment the walls of the neural

tube consist of a mass of nucleated

protoplasm, more or less distinctly

differentiated into cell areas, of

columnar form, which extend be-

tween and are connected with an
internal limiting membrane, bound-
ing the neural canal, and an ex-

ternal limiting membrane, which
surrounds the whole t\ibe. At

this time the outline of a transverse section of the primitive neural tube is

somewhat ovoid. The cavity of the tube is compressed laterally into a dorso-
ventral cleft, which is bounded by dorsal, ventral, and lateral walls. In the
dorsal and ventral walls, called respectively the roof- and tioor-plates, the columnar
character of the primitive epithehal elements of the medulla spinalis is retained
throughout the whole of life, but the peripheral parts of some of the cells are
converted into fibrils.

In the lateral walls of the embryonic medulla spinalis some of the cells soon

Columnar cells of roof-plate

Peripheral layer • -

Neuroblasts

Mantle layer

Spongioblast -;

Ependyuia cells

Neuroblast

Fio. 47.-

Coluuinar cells of floor-plate

-SHOWIxNG ELE.MENTS OF CeNTUAL NERVODS SYSTEM.
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assume a spherical form. These spherical cells have large deeply staining nuclei,

and they are termed germinal cells.

For many years it was Iteheved that the germinal cells were the predecessors

of the primitive nerve elements or neuroblasts, and that the remaining cells, called

spongioblasts, became transformed into the reticular sustentacular tissue of the

central nervous system. It appears, however, from the results of more recent

researches, that some of the descendants of the germinal cells become spongioblasts

whilst others become neuroblasts or primitive nerve-cells. Moreover, there

appear to be two groups of germinal cells ; the descendants of one group are

directly transformed into the ependymal or lining cells of the central canal, whilst

those of the other group form in the first instance indifferent cells, some of whose
descendants become neuroblasts and others spongioblasts. The fate of the cells

present before the germinal cells appear, and which do not become germinal cells, is

uncertain, but they probably take part in the formation of the spongioblastic tissue.

It is beheved, therefore, that all the nerve-cells are the descendants of the

germinal cells, and that the spongioblasts which become developed into the cells

of the neurogha or sustentacular reticulum are derived partly from the non-
germinal cells of the primitive neural tube and, partly, they are descendants of

the germinal cells.

As differentiation proceeds three layers and two membranes are gradually

defined in the walls of the neural tube : (1) a central layer of columnar ependyma
cells immediately surrounding the central canal

; (2) an intermediate or mantle
layer consisting of neuroblasts and their processes, the nerve-fibres, intermingled

with spongioblasts
; (3) a peripheral reticular layer consisting, at first, of processes

of the bodies of the spongioblasts. The membranes are an external limiting

membrane, surrounding the exterior of the tube, formed by the fused outer ends
of the spongioblastic cells, and an internal limiting membrane bounding the

central canal and continuous with the inner ends of the ependyma cells. Through-
out the whole of the spinal medulla and the brain, the ependyma cells become
transformed into the columnar cihated cells which hne the cavities of the adult

Ijrain and spinal medulla. The mantle layer becomes converted into the gray
matter of the adult central nervous system.

The peripheral reticular layer, in the spinal region, becomes permeated by
nerve-fibres, which are merely processes of the nerve-cells, and it is thus converted
into the white matter of the adult spinal medulla. In the brain region it is

either transformed in the same way into white matter, or it remains in a more
rudimentary condition as a thin peripheral layer of neuroglia on the surface

of the gray matter. On the other hand, in the brain region white matter is

formed internal to the gray matter by the growth of nerve-fibres which insinuate'

themselves between the mantle layer externally and the bodies of the ependyma
cells internally.

As the histological differentiation of the walls of the neural tube is proceeding
each lateral wall is divided into a dorsal part, the alar lamina, and a ventral part,

the basal lamina, by a sulcus-like dilatation of the central canal called the sulcus

limitans. After the limiting sulci are formed the parts of the walls of the neural

tube are a roof-plate, a floor-plate, and two lateral walls, each of which consists of

an alar lamina, essentially sensory in function, and a basal lamina, essentially motor
in function (Tig. 44).

The Fate of the Cavities of the Primitive Brain.—The cavity of the spinal

portion of the primitive neural tube becomes the central canal of the spinal

medulla of the adult. The cavities of the yjrimitive brain vesicles are transformed
into the ventricles, foramina, and aqueduct of the adult brain. The cavities of

tlie teleuoephalic divisions of the secondary fore-ln'ain become the right and left

lateral ventricles of the adult brain. The cavity of the undivided portion of the
secondary fore-brain vesicle, together with the cavity of the primary fore-brain,

become the third ventricle or cavity of the diencephalon, and the apertures of

communication l)etween the third ventricle and the cerebral hemispheres are
the interventricular foramina CO.T. foramina of Monro).

The cavity of the hind-J^rain vesicle Itecomes the fourth ventricle, and the
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cavity of the primitive mid-brain is converted into the aqueductus cerebri, which
connects the third with the fourth ventricle.

After the anterior and posterior neuropores (p. 31) are closed, the cavity of

the neural tube is, for a time, a completely enclosed space. Subsequently the

mesoderm, which in the meantime has surrounded the tulte, becomes differentiated,

in its immediate neighbourhood, into three membranes. The innermost of the

three is closely connected with the walls of the neural tu])e and is called the

pia mater. The outermost, known as the dura mater, is dense and resistant, and
the intermediate menil)rane is a thin lamella called the arachnoid.

As the membranes are formed, spaces are differentiated between them. The
space between the dura mater and the arachnoid is the subdural space, and that

between the arachnoid and the pia mater is the subarachnoid space.

After a time a median yjcrforation, the median aperture of the fourth ventricle

(O.T. foramen of Magendie), and two lateral perforations pierce the dorsal wall

of the fourth ventricle and the pia mater which covers it, and thus the fourth

ventricle becomes connected with the subarachnoid space. It is stated also that

a perforation passes through the medial wall and the covering pia mater of a

portion of each lateral ventricle which is called its inferior horn, throwing those

portions of the lateral ventricles also into communication with the subarachnoid
space, but it is doubtful if the statement is correct.

THE FORMATION OF THE EMBRYO.
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Fig. 48.

—

Schema of Sagittal Section of Embryonic Area and
Amnion before the Folding of the Area has commenced.

The transformation of the relatively flat embryonic area
f;
into the form of the

embryo is due, in the first instance, to the rapid extension of the median part
of the area, as contrasted with
the slower growth of its mar-
gins, and the later modeUing
of the various parts of the y^ \ /

embryo is due to different rates cephalic end of -^ \
j

c 4-1 • j-cc i. J. r embr>onicarea._™
01 growth in dinerent parts oi Pericardial

the embryonic region.

By the rapid proliferation

of cells from the nodal grow-
ing point, at the cephalic end
of the primitive streak, the

cephalo-caudal length of the

area is increased, whilst

the cephahc and caudal

ends of the area remain
relatively fixed, conse-

quently the area be-

comes folded longitu-

dinally. At the same
time, the cephahc end
of the neural groove is

pushed away from the

nodal point, until it Ues

at first dorsal and then

cephalad to the cephalic

border of the area. As
a result of this move-
ment the bucco-pharyn-

geal and the pericardial areas become reversed in position, and a cephalic or head
fold is formed. This fold is bounded, dorsally, by what is now the cephalic portion

of the embryo, ventrally, by the reversed pericardial region, and its cephahc
end is formed by the extremity of the head region and the bucco-pharyngeal
membrane.

AmnioQ_cavity
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The growth at the nodal point not only produces a head fold, but at the same
time it forces the cephalic end of the primitive streak caudally over the caudal
end of the embryonic area, thus forming a tail fold.

As the head and tail folds of the embryo are produced by the longitudinal

increase of the embryonic area, transverse growth of the area results in the forma-
tion of right and left lateral folds (Figs. 37, 39), and as the various folds are

formed the embryo rises, like a mushroom, into the interior of the amnion cavity.

The portion of the entodermal sac which is enclosed within the hollow embryo,
formed by the folding of the embryonic area, is the primitive entodermal alimentary
canal. The part which remains outside the embryo is the yolk sac, and the passage
of communication between the two is the vitello-intestiaal duct.

That portion of the primitive entodermal alimentary canal which Hes in the

head fold is termed the fore-gut, the part in the tail fold is the hind-gut, and the
intermediate portion which is in free communication with the yolk-sac is the

mid-gut.

As the extension of the emljryonic area and its folding proceed the margin of

the area, which remains relatively stationary, becomes the margin of an orifice, on

Spinal part of neural tube
Notochord v

Mid-gut
Amnion cavity

Ectoderm of amnion
Mesoderm of amnion

Hind

Mid-brain

Bucco
pharyngeal
membrane'

Fore-brai:

Stomatodseunf

i

Pericardium (heart not shown)

Rudiment of liver
Mesoderm of yolk-sac

Entoderm
Umbilical orifice

Fig. 50.

—

Schema of Sagittal Section of EmbrYo after the Folding has defined both the
Fore-gut and Hind-gut Areas.

the ventral aspect of the embryo, through which the primitive ahmentary canal

of the embryo and the intra-embryonic part of the ccelom communicate,
respectively, with the yolk sac and the extra-embryonic portion of the coelom.

This orifice is the primitive umbilical orifice.

Not only does the primitive ahmentary canal communicate with the yolk

sac, and the intra-embryonic with the extra-embryonic coelom, at the margin of

the umbilical orifice, but also the body walls of the embryo, formed by the

somatopleure, becomes continuous, at the same margin, with the wall of the amnion.
The young embryo is connected also with the inner surface of the chorion by

a band of tissue which is part of the median portion of the caudal part of the wall

of the amnion sac. The mesoderm in this region is thickened, and contains in its

interior a diverticulum, allantoic diverticulum, which is primarily derived from the

entodermal sac, but is afterwards connected with the hind-gut. This strand con-

sists of ectoderm and mesoderm, and it contains not only the allantoic diverticulum

but also the blood-vessels jjassing between the embryo and the chorion. It was
called, by His, the body stalk, but the term is not fortunate, for it takes no
j>art in the formation in the body of the embryo. On the other band, its

mesodermal and entodermal constituents represent a cUverticulum from the wall

of the hind-gut, present in many mammals and known as the allantois ; it might
with advantage, therefore, be termed the allantoic stalk.

At first the umbihcal orifice is relatively large as contrasted with the total size
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of the embryo, liut as the embryo rapidly extends, in all directions, from the

margin of the orifice, the latter soon becomes relatively small. Ultimately the

various parts of the mtfrgiu of the orifice are approximated until they fuse together,

closing the opening and forming a cicatrix on the ventral wall of the abdomen
which is known as the umbilicus or navel.

THE EMBRYO.

Whilst the embryonic area is being folded into the form of the embryo, the

neural groove on the surface of the area is being converted into the neural tube.

After the neural tube is completely closed and separated from the surface, during
the third week, the embryo is an elongated organism possessing a larger cepbalic

end, a smaller caudal entl, attached by the body stalk to the chorion (Fig. 49), a

continuous and unbroken dorsal surface, a ventral surface separated into cephahc
and caudal portions by the umbilical orifice, two lateral surfaces right and left, and
it contains within its interior three cavities : (1) The cavity of the neural tube,

whicli becomes the cavities of the brain and the spinal medulla (Fig. 50) ; (2) the

primitive alimentary canal, which is a portion of the entodermal vesicle constricted

otf during the folding of the eml)ryonic area (Figs. 37, 40); (3) the embryonic
cojloni. The coelom consists of right and left portions which communicate at

the margin of the umbilicus with the extra-embryonic coelom, and with each other

through the pericardial portion of the intra-embryonic ccelom in the ventral wall

of the fore -gut of the embryo (Figs. 49, 90).

At this period the embryo is easily distinguished from the remainder of the

zygote, and it is so far developed that indications of its general plan of organisa-

tion are discernible.

It has, as yet, no limbs, but the general contour of the head and body are

defined. It possesses a notochord or primitive skeletal axis, afterwards replaced

by the permanent vertebral column. On the dorsal aspect of the notochord lies

the neural tube, which is the rudiment of the future brain and the spinal medulla.

At the sides of the neural tul^e and the notochord are the mesodermal somites

and the nerve ganglia (Figs. 40, 43).

Ventral to the notocliord is the primitive ahmentary canal (Fig. 50), closed at

its cephalic end by the bucco-pharyngeal membrane, and at its caudal end by
what was originally the caudal portion of the primitive streak, but which is now
called tlie cloacal membrane l)ecause it separates the caudal end of the hind-gut,

which l)ecomes the entodermal cloaca, from the amniotic cavity (Fig. 50).

At the sides of the primitive alimentary canal are the right and left lateral

parts of the ccelom, and l)etween the dorsal angle of each half of the ccelom and
the mesodermal somites of the same side lies the intermediate cell tract which is

the rudiment of the greater part of the genito-urinary system (Figs. 39, 40).

Ventral to the fore-gut is the pericardial mesoderm, traversed by the pericardial

portion of the coelom, which is connected dorsally, on each side, witli the corre-

sponding lateral portions of the ccelom ; and ventral to the hind-gut is the cloacal

membrane. Between the pericardial region at the one end and the cloacal

membrane at the other lies the umbihcal orifice, through which the mid-gut
communicates with the yolk sac, the intra-embryonic part of the ccelom with

the extra-embryonic coelom, and the allantoic diverticulum with the cloaca (Figs.

39, 50).

THE LIMBS.

When it is first defined the embryo is entirely devoid of Umbs (Fig. 51).

During the third week a superficial ridge appears on each side, along the line

of the intermediate cell tract in the interior. This is the Wolffian ridge, and
upon it the rudiments of the fore and hind limbs, the limb buds, are formed,

as secondary elevations ; the fore-Hmb buds preceding the hind-limb buds in time

of appearance (Fig. 52).
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Shortly after it has appeared, each hmb bud assumes a semilunar outline ; it

projects at right angles from the surface of the body, and it possesses dorsal and
ventral surfaces,' and cephalic or preaxial, and caudal or postaxial borders. The

Fig. 51.

—

View of Dorsal Aspect of a
Human Embryo—1'38 mm. Long, before

the appearance of the limbs. (From
Keibel and Elze, Normo.Uafeln.

)

Fig. 52.—Dorsal lateral View of
A Human Embryo — 2'4 mm.
Long. The Wolffian ridge is seen

at the lateral border of the meso-

dermal somites. (Keibel and
Elze, Normaltafeln.

)

bud is the rudiment of the distal segment of the future limb, the hand in the case

of the fore-hmb, and the foot in the case of the hind-limb.

As the limb-rudiment increases in length the more proximal segments of the

limb are differentiated, the forearm and arm in the case of the fore-hmb, and the

leg and the thigh in the case of

the hind -limb. At the same
time the Kmbs are folded ven-

trally, so that their original

ventral surfaces become medial

and their original dorsal surfaces

lateral, and the convexities of

the elbows and knees are directed

laterally. At a later period, on
account of a rotation which takes

place in opposite directions in the

fore- as contrasted with the hind-

liml)8, the convexity of the elbow
is turned towards the caudal end
of the body and that of the knee
towards the cephalic end. It is

only at much later periods of de-

velopment, as tlie erect posture is

assumed, that theconvexity of the

elbow is directed dorsally and the

convexity of the knee ventrally.

The terminal or distal seg-
ment of each hmb is, at first, a flat plate with a rounded margin, l)ut it soon diflerenti-
ates into a proximal or basal part and a more flattened marginal portion. It is

along the line where these two parts arc continuous that tlic rudiments of the digits
appear. Th(;y )>ecome evident as small elevations on the dorsal surface of the limb
bud about the filth week ; they extend peripherally, and by the sixth week the
fingers project beyond the margins of the hand segment, but the toes do not attain
to a corresponding stage of development until the early part of the seventh week.

\'

Fig. 53.—Lateral View ok a Human Embryo— 2-1 mm. greatest
length, showing limb buds projecting from the Wolflian ridge.
(Keibel and Elze, Normcdtafeln.)
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Thu nails are later developraeijts. They appear at the third month and reach

the ends of the digits at the sixth month.

Each Hmb bud is essentially an extension of a definite number of segments of

the body. It consists, at first, of a core of mesoderm covered by ectoderm. As it

Krows tilt! anterior branches of the

spinal nerves of the correspondmg
segments are prolonged into it,

together with a number of blood-

vessels. The nerves remain as the

nerves of the fully developed liml),

but the blood-vessels are reduced

in number and are modified until

a smaller number of permanent
main trunks is estabhshed.

The greater part, if not the

whole, of the mesodermal core ol'

the primitive limb-rudiment seems
to V>e produced by the somatic

mesoderm of the lateral plate.

As the development proceeds it is

differentiated into the cartilagin-

ous, muscular, and other connective

tissue elements which are the rudi-

ments of the skeletal framework
and the muscles and fasciae of the

adult liml).

It is not yet decided whether
or not the muscle elements of the

mesodermal core are derived from
the lateral plate mesoderm, or from
muscle cells which have migrated
into the limb, from the muscle

plates of the segments from which
the limb is formed and from which muscles of the body wall are developed ; and
although it is generally beUeved that the bone which replaces the cartilaginous

skeletal rudiments is produced by mesodermal cells, it has been asserted that the

bone-producing cells originate in the ectoderm and migrate from the surface into

the interior.

Fig. 54.

—

Lateral View of a Human Embryo—9 5 ram.

Long. (Keibel and Elze, iVonn«^te/e^n.

)

Note that the limb rudiments no longer project at right angles

from the side of the body but that they are bent ventrally.

THE EARLIER MODIFICATIONS OF THE PRIMITIVE ENTODERMAL
ALIMENTARY CANAL AND THE FORMATION OF THE STOMA-
TOD^UM AND PROCTODEUM.

The greater part of the permanent alimentary canal is derived from the ento-

dermal sac and is therefore lined by entoderm cells. This part is enclosed in the

embryo as the latter is folded off from the remainder of the zygote (Fig. 50), but

the cephalic and caudal portions of the alimentary canal are formed by the

enclosure of part of the external space and are, therefore, lined by ectoderm.

The cephahc part is a portion of a space called the stomatodaeum which lies,

at first, between the ventrally bent extremity of the head and the bulging

pericardial region (Fig. 50). At a later period it is enclosed laterally by the rudi-

ments of the maxillae or upper jaws, and caudally by the mandi])ular rudiments.

When it first appears the stomatodaeum is separated from the cephahc end of

the entodermal portion of the primitive canal by the Imcco-pharyngeal membrane,
but when that septum disappears, during the third week, the stomatodaeum

communicates with the fore-gut. Subsequently, it is separated into nasal and
oral portions, and the oral portion forms that part of the mouth in which the gums
and teeth are developed.

The caudal part of the permanent canal is formed by the elevation of a surface
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fold round a pit-like hollow called the proctodseum (Fig. 60), which is separated

from the caudal part of the ento-

Amnion .-..vity,

^''"'^"]
^"V^^'""' piasuiodiai trophobiast dcrmal portloii of tlic alimentary

canal, until about the fourth

week, by a membrane called the

anal membrane, a portion of the

more extensive cloacal mem-
brane mentioned on p. 39.

Celliilar troplioblast

Mt^i'iierm of chorion

,'Eut. of amnion

Body
stalk
AUan-
tois

Differentiation of the

Fore-gut.

Derivatives of the Lateral

"Wall.— Shortly after the fore-

gut is enclosed, and whilst it is

still separated from the stomato-

daeum by the bucco-pharyngeal

membrane, its cephaHc extremity
dilates to form the primitive

pharynx and thereafter, a series

of eight pouches are formed in its

walls, five in each lateralwall ; the

pharyngeal or branchial pouches
;

two in its ventral wall, one near

the cephahc extremity, the rudiment of the thyreoid gland, and a second situated

more caudally, which is the germ of the respiratory system, that is, of the larynx,

the trachea, the bronchi, and the epithelial lining of the lungs. The eighth pouch,

Seessel's pouch, is formed in the dorsal wall,immediately caudal to the dorsal end of the

bucco-pharyngeal membrane, and it projects into the floor of the primitive cranium.

Wall of yolk-sac

Fig. 55.

—

Sagittal Section of Zygote showx in Fig. 38.
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Fig. 56.

—

Schema showing the branchial pouches, the branchial clefts, the branchial bars, and the thyreo-

glossal duct and some of their derivatives. I., II., III., IV., and V., the five branchial bars.

Simultaneously with the formation of the pharyngeal pouches internally a

series of clefts appear externally. They correspond- in position with the first four

pharyngeal pouches, and they are called the pha>r3mgeal or branchial clefts.

By means of the pharyngeal pouches and clefts the lateral boundary of the

cephahc part of the fore-gut, on each side, is divided into a series of bars, the

pharyngeal or branchial bars, five in number, but the fifth is distinctly visible only

in the inner aspect of the pharynx.
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The first of the pharyngeal bars is the rudiment of the maxillary and mandiljular

regions. It is called tlie mandibular arch. The second is the hyoid arch, and the

remainder are the branchial arches proper.

When they first appear, the arches extend from the level of the dorsal wall of

the fore-gut to tlie ])ericardiuni but, as growth proceeds, and the neck is developed

between Uie head and the pericardium, the ventral ends of the arches of opposite

sides meet in the ventral wall of the primitive pharynx. The growth of the mandi-

Kudiiiient of Il^spirato^y system
Ectoderm of embryo I Meilulla spinalis

Ectoderm of amnion | I / Notochonl
Mnnrlrnii nfiiiini"" ^ \

|
I / Dorsal pancreas nuliment
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•'
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Ventral pancreas rudiment
Vitello-intestinal duct

Peritoneal part of
ccelom
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"ail-fcut diverticulum
lorion

Allantoic
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Fig. 57.

—

Schema of a Longitddinal Section of an Embryo
dorsal and ventral divertricula for alimentary canal.

(After Mall, modified.) Showing
The heart is not shown.

bular and the hyoid arches soon greatly exceeds that of the branchial arches proper,

and the latter gradually recede from the surface until, on each side, they Ue at the

bottom of a depression, the precervical sinus, which is overlapped by the caudal

border of the hyoid arch. As the overgrowth of the hyoid arch continues the open-

ing of the precervical sinus to the surface is reduced to a narrow channel, the precer-

vical duct. Afterwards this is obliterated, the sinus becomes the precervical vesicle,

1st cleft-

—ind cleft --'\^^=^

3rd cleft-

Precervical duct'

4th cleft
'

Branchial duct
Precervical

sinus
Precervical

duct
4th pouch

Fig. 58.—Schema showing the formation of the precervical sinus, the branchial ducts, and the

precervical sulcus.

but the position of the original aperture of the precervical duct is temporarily

indicated by a sulcus, the precervical sulcus which soon disappears. The precervical

vesicle lies at the side of the third pharyngeal cleft, and it is associated with

the second and fourth clefts by narrow canals, the branchial ducts, which are the

remains of the branchial clefts. Ultimately the precervical vesicle and the branchial

ducts disappear, but it has been suggested that before the vesicle disappears a

part of the lobe of the thymus of the same side is formed from its wall.
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The portion of the wall of the primitive pharynx which lies between each

pair of visceral arches and separates the clefts externally from the pouches

internally is called the separating membrane. In the earliest stages it consists of

ectoderm, mesoderm, and entoderm ; then, for a time, the mesoderm disappears to

re-appear again between the two epithehal strata at a still later period.

Eound the margins of the dorsal part of the first pharyngeal or mandibular
cleft are formed a series of tubercles which develop into the auricle of the external

ear, and the cavity of the cleft becomes the external acoustic meatus (see p. 52).

The first pharyngeal pouch and the adjacent part of the cavity of the primitive

pharynx becomes the tympanic cavity and the auditory (O.T. Eustachian) tube. A
part of the cavity of the second pharyngeal or hyoid pouch is represented in

the adult by the supra-tonsillar recess, which lies in the side wall of the pharynx
above the palatine tonsil (Fig. 56).

The third pharyngeal pouch opens like the first and second directly into the

cavity of the fore-gut, but the fourth and fifth pouches lie in the lateral wall of a

common recess which opens by a single aperture, the pharyngo-branchial duct, into

the cavity of the primitive jjharynx (Fig. 56).

The cavities of the third, fourth, and fifth pouches ultimately disappear, but

before the disappearance takes place diverticula which, at first, are hollow but, after-

wards, become solid are given off from the ventro-lateral parts of each, and sohd
epithehal outgrowths, the epithehal bodies, are formed from the dorso-lateral walls

of the third and fourth pouches (Fig. 56).

The ventral diverticulum from the third pouch, on each side, forms the main
part of the corresponding lobe of the thymus, and the ventral diverticulum of

the fourth pouch either takes part in the formation of the thymus or it entirely

disappears. The rudiment of the thymus is formed in the neck, but as the gland

differentiates it extends and it migrates caudally, until its cephalic end hes near

the caudal end of the thyreoid gland, at the level of the sixth ring of the trachea,

and its caudal end is in the thorax at the level of the fourth costal cartilage.

The epithehal bodies derived from the third and fourth pharyngeal pouches
form the structures known in the adult as the paratliyreoid bodies. That derived

from the third pouch migrates caudally more rapidly than its fellow formed from
the fourth pouch ; consequently the parathyreoid derived from the fourth

pharyngeal pouch lies at the middle of the dorsal border of the corresponding lobe

of the adult thyreoid gland, and the parathyreoid formed from the third pharyngeal

pouch is situated at the caudal end of the corresponding. lobe of the thyreoid gland
and close to the cephahc end of the thymus.

The diverticulum formed from the ventral part of the fifth pharyngeal pouch is

the ultimo-branchial body. After it separates from the pouch it becomes sohd and
is associated with the corresponding lobe of the thyreoid gland, but, apparently,

in the human subject, it takes no part in the formation of that gland.

Derivatives of the Ventral Wall.—The diverticulum from the ventral wall

of the primitive fore-gut, which is situated nearest the cephalic or anterior end
of the gut, is the rudiment of the thyreoid gland. It commences in the median
plane, between the ventral ends of the mandibular and hyoid arches, and grows
ventrally, into the substance of the neck, then turns caudally, ventral to the

cartilages which form in the second, third, and fourth arches, from which the

hyoid bone and the cartilages of the larynx are developed. When the caudal

end of the diverticulum reaches the region where the cephalic or anterior portion

of the trachea will be formed it becomes bilobed, and thus is differentiated

into the isthmus and the two lobes of the permanent gland. The stalk of the

diverticulum, which extends from what becomes the oral part of the primitive

pharynx to the isthmus of the gland, is the thyreoglossal duct. Its cephahc
end remains as the foramen caecum, which is situated in the dorsum of the tongue,

at the junction of the ventral two-thirds with the dorsal third. The caudal end
sometimes persists and is transformed into the third or pyramidal lobe of the

thyreoid gland, which is attached to the dorsal border of the isthmus (Figs. 56, 61).

The more caudally situated diverticulum from the ventral wall of the fore-gut

is the rudiment of the respiratory system (Figs. 59, 60). When it first appears
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Tuberculuin iinpiir

Sinus arciiatiis

Kurcula

it has the form of a longitudinal groovt^ hounded at its cranial end and laterally Vjy

an elevated ridge, named hy His the furcula (Fig. 59). The caudal end ol" the groove
soon dilates into a pouch, and then the pouch and groove are separated hy a con-
striction, which ])asses from the caudal

towards tlic cranial end, from tlie more
dorsal jtart of the fore-gut, which he-

comes the oesophagus. The constricting

process ceases before the separation

reaches the cranial extremity of the re-

spiratory rudinu-nt, which remains, there-

fore, in communication witli the pharynx
and forms the permanent laryngeal aper-

ture. The tube farmed In' the separation

of the groove is dififerentiated into the

larynx and the trachea, and the caudal

terminal dilatation soon divides into two
lateral lobes, each of whicli is the rudi-

ment of the epithelial lining bronchi and
the lung of the corresponding side.

The Tongue.—The tongue is formed hy four separate rudiments which lie in the
ventral part of the cranial end of the primitive pharynx. Two of these are eleva-
tions formed on the caudal surfaces of the ventral ends of the mandibular arches,

Co.-loii

Fig. 59.

—

View ok Flook ok Phi.mitive Phakynx,
.'ihowiiif? the furcula witli tlie groove, from which
arise the cavities of the larynx, the trachea, the
bronchi, and the alveoli of the lungs.
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Fig. 60.—Further Development ok the Alimentary Canal, as seen jn a Human Embryo
ABOUT Five Weeks Old (Diagrammatic).

The tongue is well formed, the trachea and oesophagu.s are separated, the bronchi have commenced to branch
;

the duodenal curve is well formed, and the caecum has appeared in the loop of the mid-gut. The
cloaca is partially separated into genito-urinary and rectal portions.

one on each side. The third is a median elevation, the tuberculum impar, which is

situated immediately caudal to the conjoined ventral ends of the mandibular arches,
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and the fourth, called the copula, formed by the conjoined ventral ends of the second

arches, is separated from the tuberculum impar by the orifice of the thyreoid

rudiment (Fig. 61).

The two lateral elevations on the mandibular arches unite to form the greater

part of the ventral or anterior two-thirds of the tongue, upon which all the papillae
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Fig. 61.

—

Schema showing stages in the development of the tongue.

are developed. The tuberculum impar either disappears or it forms the median

part of the anterior two-thirds of the organ. The posterior or dorsal third of

the tongue, which lies in the ventral or anterior wall of the permanent pharynx,

is formed from the copula of the second arches. It follows from what has been said
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Schema showing further stages in the development of the diverticula from the jiriniitive gut and
modifications of the mid-gut and tlie mid-gut regions. Tlie Ix-art is not .shown. (After Mall, modified.)

that the commencement of the thyreoid rudiment, which persists in the adult as

the foramen ctecum of the tongue, must lie at the junction of the dorsal third with

the ventral two-thirds. In many cases it appears to lie in the dorsal end of the

ventral two-thirds, a position which may be associated with the fact that, in some
cases, the rudiment of the thyreoid passes through the substance of the tuberculum



THE PRIMITIVE ALIMENTARY CANAL. 47

impar anil not from l)etween the tuberculum impar and the ventral ends of the

hyoid arches.

Derivative of the Dorsal Wall (Seeesel's Pouch).—The dorsal diverticulum

from the cranial end of the fore-gut, to wliicli tlie al)ove term is applied, enters the

Ijase of the occipital region of the primitive head. The ultimate fate of the pouch

is unknown in the huuum sul»ject, hut it has been suggested that it is represented

by a depression in the mucous membrane of the cranial part of the pharynx, close

to the pharyngeal tonsil, which -is known as the pharyngeal bursa.

The reader who has followed this description will have noted that from the

cranial portion of the fore-gut are formed the caudal or inferior part of the mouth
(with the exception of the lips, teeth, and gums), the pharynx, the thyreoid gland,

the thymus, the parathyreoids, the respiratory organs, and the cesophagus. 'J'he

more caudally situated portion of the fore-gut is differentiated into the stomach

and the fiist and second parts of the duodenum.
The stomach is formed from the part of the fore-gut immediately adjacent to
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Schema showing complete separation of cloaca into dorsal and ventral parts and the temporary

ventral hernia of a portion of the gut through the umbilical orifice. The heart is not shown. (After

Mall, modified.)

the oesophagus, and the duodenum from the more caudally placed portion, which

is directly continuous with the mid-gut.

The Liver and Pancreas.—When the embryo is about three weeks old and has

attained a length of 2*5 mm. a ventral diverticulum appears in the ventral wall of

the duodenal part of the fore-gut, and when the age of the embryo is about four

weeks and its length increased to aliout 4 mm. a diverticulum is formed in the

dorsal wall a little nearer the cranial end. The ventral pouch is the rudiment of

the liver, the flail bladder, the hile-ducts, and a portion of the pancreas, and the

remainder of tlie pancreas is formed from the dorsal diverticulum (Figs. 57, 62, 63).

The Derivatives of the Mid-Gut.—The mid-gut is tbat part of the primitive

alimentary tract which lies between the more definitely enclosed fore-gut and

hind-gut, and it is in free communication with the yolk-sac by the vitello-intestinal

duct. It is transformed into the greater part of the small intestine.

The Derivatives of the Hind-Gut.—The parts formed from the hind-gut

are:—(1) Tlie terminal part of the ileum; (2) the whole of the large intestine,

except a small portion of the anal canal
; (3) the urachus, the urinary bladder, the

urethra in the female, and the greater part of the urethra in the male.^

1 T. B. Johnston, Jcurn. o/Anat., Oct. 191.3 ; H. v. Berenberg-Gossler, Anat., Heft. 1913.
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As development proceeds the mid-gut and the cephahc (anterior) part of the

liind-gut form a U-shaped tube which possesses a cranial (anterior) and a caudal

(posterior) limb, and a ventral extremity which is connected with the yolk-sac

by a narrowed and elongated canal, the vitello-intestinal duct (Fig. 57).

Upon the caudal hmb of the loop, about the middle of its dorso-ventral height,

an enlargement appears wMch is the rudiment of the caecum and vermiform process

of the adult. After this rudiment has formed the caudal limb of the loop under-

goes rotation, being carried first to the left, then cranially, and finally to the right.

As it is carried to the right it crosses the cranial (later ventral) aspect of the

cranial hmb of the loop, and when the rotation is completed the regions of the

jejunum and ileum, the csecum, the ascending and the transverse colon are

defined.

After the rotation has occurred the tubular intestine formed from the mid-gut

and the anterior part of the hind-gut, undergoes rapid elongation and is thrown

into a number of coils.

When the embryo has attained the length of 10 mm., and is a little over a

month old, the greater portion of the coiled gut passes through the umbihcal

orifice into an expansion of the coelom formed in the proximal part of the umbihcal

cord (see
fj. 47) (Fig. 63), which has replaced the allantoic or body-stalk as the

medium by wMch the embryo is attached to the chorion. The herniated coils

remain in the root of the umbilical cord until the embryo is about 40 mm. long,

and about ten weeks old, when they return to the abdomen, and the coelomic

space in the umbihcal cord disappears.

The Derivatives of the Posterior Part of the Hind-Gut.—When the caudal

portion of the liind-gut is first enclosed its terminal extremity and its ventral

wall are bounded by the caudal portion of the primitive streak, which is bent

ventrally during the folding -off of the embryo.

The terminal part of this portion of the gut becomes expanded, forming

a chamber called the entodermal cloaca, into the ventral parts of which the

ducts of the primitive kidneys, the pronephric or Wolffian ducts, open, one on each

side.

The ventral part of the cephahc end of the cloaca is continuous with the

allantoic diverticulum, and the dorsal part with a tubular portion of gut which

forms the descending and possibly also the iliac and pelvic portions of the colon.

As the temporary tail is formed and projected first caudally and then ventrally,

by the growth energy of the nodal point situated at the caudal end of the neural

tube, a diverticulum of the caudal end of the dorsal part of the cloaca is prolonged

into it, forming the tail gut. This soon becomes shut off from the cloaca. It

entirely disajjjjears before the temporary tail is absorbed into the caudal end of

the body (Figs. 57, 62, 63).

At a later period the cloaca itself is separated into a dorsal part, the rectum,

and a ventral jjart, the urino-genital chamber, by the formation of a septum, which

commences in the angle between the allantoic diverticulum and the ventral wall

of the cloaca, and is prolonged caudally till it reaches and fuses with the internal

surface of the cloacal membrane, which thus becomes separated into urino-genital

and anal portions, both of which disappear about the eighth week.

In both sexes the urino-genital section of the cloaca is separable into three

parts : (1) a cranial part, which is converted into the urachus or middle umbihcal

ligament; (2) an intermediate part, which becomes the urinary bladder; and

(Z) a caudal part, which, in the female, is transformed into the urethra and the

vestibule of the vagina, whilst in the male it is developed into the urethra.

Derivatives of the Stomatodseum.—When the stomatodeeum is first definitely

established, it is bounded cranially (anteriorly) by the caudal surface of the

ventrally bent terminal part of the head, caudally by the conjoined ventral ends of

the mandilmlar arches, and laterally by the dorsal parts of the mandibular arches,

and the maxillary processes, which grow ventrally from the dorsal parts of the

mandibular arches. The space is open ventrally, and it is closed dorsally by the

bucco-pharyngeal membrane, which separates it from the fore-gut (Fig. 55).
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Fig. 64.— Anteriok View of BotrNDAtuEs of
Stomatod.«um befoke Completion of Primi-
tive Upper Lip.

The bucco-pliaryngtal membrane disappears about the third week, and about
the twL-nty-first day a divt-rticuhim from the stomatod.neum is projected into the

caudal surface of the liead, from the point

where that surface originally joined the

dorsal end of the external surface of the

bucco-pharyngeal membrane. The diver-

ticulum is Bathke's pouch. The cranial

extremity of thu pouch comes into relation

with the hypophyseal diverticulum from
the Hoor of the third ventricle, and dilates.

The stalk which connects the dilated

terminal part of the diverticulum with
the stomatodajum disappears, and the

terminal vesicle becomes the anterior lobe

of the hypophvsis (O.T. pituitary body)
(Figs. 57, 62, 63).

The Separation of the Stomatodaeum

into Nose and Mouth.— In the cephalic

boundary of the stomatodseal space lies

the ventral end of the head, which is

called the fronto-nasal process.

In the fronto-nasal process, on each side of the median plane, is situated a

shallow pit, the olfactory pit, and by the pits the process is divided into a median
part, the median nasal process, and two lateral parts, the lateral nasal processes.

Further, the margin of the median process is divided by a median cleft into

right and left globular processes (Fig. 64).

The orifices of the olfactory pits are directed laterally, therefore the lateral nasal

processes lie dorsal to the median nasal process in the cranial boundary of the

stomatodffial space, and as their margins increase in height the pits deepen (Fig. 69).

At this period the cranial boundary of the stomatodaeum is divided by the

median sulcus and the olfactory pits into four projections—the two globular processes,

each of which hes between the median
sulcus and an olfactory pit, and the

two lateral nasal processes, which form
the dorso-lateral borders of the olfactory

pits. The lateral boundaries are formed
by the maxillary processes and the dorsal

parts of the mandibular bars, and the
caudal boundary is formed by the medi-
ally turned and conjoined ventral parts

of the mandibular bars. Immediately
cranial to the maxillary process, on each
side, is the projecting eye ; and leading

from it, between the maxillary process

and the lateral nasal process, is the

naso-lacrimal sulcus.

As growth proceeds and each maxil-
lary process grows ventrally, its ex-

tremity fuses with the caudal or pos-

terior border of the lateral nasal process,

and then, carrying the lateral nasal
process with it, it fusas with the globular process of the same side.

After tlie fusion of the maxillary processes, and the posterior or caudal
borders of the lateral nasal processes, with the globular processes has occurred,
the olfactory pits are completely separated, for a time, from the stomatodagum^
and they lie in the ledge which now forms the cranial boundary of the stomato-
daeum. This ledge consists of the two globular processes, fused into a single mass,
and the two maxillary processes, the caudal or posterior ^ edges of the lateral nasal

' Inferior in erect posture.

, - Cerebral hemisphere
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-Lens

— Lateral nasal process

-Maxillary process

-Mandibular arch

-Hyoid arch

-Third arch

—Pericardial region

Fio. 65.

—

Schema of Anterior View of the Head
OF A Human Embryo showing the Co.mpletion
OF THE Primitive Upper Lip.
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Anterior nasal orifice

\

Globular process

processes beintr shut off from the margin of the ledge by the maxillary processes

(Fig. 65).

After the ledge is completed the dorsal ends ot the oliactory pits are separated

from the stomatodteum by a thin membrane, but this soon disappears, and the pits

open again into the stouiatodseal space, through apertures which are called the

primitive choanse.

After the formation of the primitive choanse a ledge grows from the medial

surface of each maxillary process towards the median plane, caudal to the choanse.

These ledges, the palatine processes, meet and fuse during the third month of foetal

life, the fusion commencing ventrally and being completed dorsally in the region

of the uvula. As the ledges meet and fuse, the stomatodseum is separated into a

cranial and a caudal portion. The cranial

part is the nasal cavity ; it is soon divided

into two lateral halves by a septum which
passes caudally from the base of the

cranium. The caudal portion of the

stomatodseum blends with the ventral

part of the primitive pharynx and it

forms the vestibule of the mouth and its

derivatives, and the gums and teeth.

The details of the process by which
the primitive lips are separated into the

permanent lips, and the gums are defined,

are described in the section dealing with
the digestive system.

The Derivative of the Proctodaeum.
Embryo about 2^ months old (His). The lips _The proctodeum is a surface depression
are separated from the gums, and the line of the i • i •- • • j. ^i ^ j.- i-

common dental germ is visible in the latter. The ^hich OWCS its OrigUl to the clcvatlOn ot

palatine processes are growing inwards from the the SUrfaCC rOUnd the margin of the anal
maxillary processes. membrane. It forms the lowest portion

of the pars analis recti of the adult.

Urino-genital System.—The formation of the internal parts of the urino-genital

system from the intermediate cell tract, the urino-genital chamber, and the
differentiation of the external genitals in the region of the cloacal membrane are

described in the account of the urino-genital system.

The development of the auditory organ is so intimately associated with the
development of the pharyngeal portion of the primitive gut that a short considera-

tion of the chief phenomena may with advantage be introduced here ; but for the
details of the development of the internal, middle, and external portions of the ear

the student must refer to the account of the development given in association with
the description of the auditory organ.

Palatine
process

Fig. 66. — Portion of

Hypophyseal depression

THE Head of a Human

THE INTERNAL EAR, THE TYMPANUM AND AUDITORY TUBE,
AND THE EXTERNAL EAR.

In tlie human subject, as in other mammals, the auditory organ consists of the
internal ear or la})yrinth, the middle ear or tsrmpanum, with which is associated the
auditory tube (O.T. Eustachian) ; and the external ear, which consists of the external

acoustic meatus witli the auricle at its lateral end.

Tlie internal ear itself consists of two parts—the cochlea, which is tlie true organ
of hearing, and tlie vestibule and the three semicircular canals connected witli it,

whicli are associated witli the recognition of alterations in the position of the head,
and, therefore, with the recognition and maintenance of equilil)rium.

The whole of the internal ear is lined with ectodermal-epithelium, the auditory
epithelium, which is derived from the surface of the head of the embryo. It is

recognisable in embryos of about 26 mm. (Fig. 67) as a thickened and slightly

depressed plate of ectodermal cells which lies on the surface of the head, in the
region of the hind-brain, dorsal to the second branchial cleft. As development
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proceeds the plate is gradually iuvaginated iuto the substance of the head, and is

Hind-brain Auditory ganglion

Rudiment of otic vesicle

Pa rax

Hyoinand

SoM

First cephal

Fig. 67.

—

Transverse Section of a Rat Embryo.

Showing the relation of the paraxial niesoderni of the head to the lateral plates, the commencenieiit of the

formation of the otic vesicles and hyoniandibular clefts, and the relation of the primitive heart to the

pericardium and fore-gut.

EC. Ectoderm. SoM. Somatic mesoderm, SpM. Splanchnic mesoderm.

transformed into a pear-shaped vesicle, the otic vesicle, which remains for a time in

communication with the ex- m^
terior by means of a short

tubular stalk, the recessvs

Idbyrinthi, which is subse-

quently converted into the

ductus endolymphaticus.^

After it is separated from

the surface the otic vesicle

alters its position, until its

ventral end lies in close re-

lation to the dorsal wall of

the pharynx, and, at the same
time, it undergoes alteration

of shape. The ventral part

of the vesicle grows towards

the median plane, along the

ventral wall of the hind-brain.

It forms the cavity and the

lining epithelium of the coch-

lea ; l)ut it remains in con-

nexion with the dorsal part

by means of a narrow tulje,

the canalis reuniens, and as it

grows in length it becomes
converted into a spiral tube.

The portion of the dorsal

section of the primitive Vesicle,

which lies to the lateral side

of the recessus labyrinthi, first

' See note 3, p. 79.

4a

-Transverse Section thkoi-

OF AN EmBRTO.
H THE Head

Showing the rudiments of the three parts of the ear and their

relation to the hyomandibular cleft.

BY. Blood-vessels.

C. Cochlea.

EM. Ext. acoustic meatus.
ET. Auditory tube.

HB. Hind-brain.

HM. Hyomandibular cleft.
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constricted into the form of three flat purse-hke diverticula which, by the partial

obliteration of their cavities, become converted into the three semicircular canals (see

Sense Organs). The more ventral part of the dorsal section of the vesicle is divided,

by a constriction of its lateral wall, into a dorsal part, the utricle, which remains in

connexion with the semicircular canals, and a ventral part, the saccule, which is

united to the cochlea by the canalis reuniens. The apex of the constriction which
separates the utricle from the saccule passes into the mouth of the ductus endo-

lymphaticus, which is thus transformed into the Y-shaped canal which connects

the utricle with the saccule. At a later period the closed extremity of the ductus

endolymphaticus dilates and forms a small saccule, the saccus endolympliaticus.

In the adult the saccus endolymphaticus lies in the posterior fossa of the skull,

in relation with

the posterior
surface of the

petrous part of

the temporal
bone and ex-

ternal to the
dura mater.

The tympa-
num and the
auditory tube
(O.T. Eustachian)

are developed

from the flrsl;

visceral pouch.

The ventral

part of the pouch
disappears at an
early stage. The
dorsal extremity

expands and is

converted into

the cavity of

the tympanum,
whilst the stalk

of connexion
with the pharynx
is gradually con-

stricted off from
its lateral to-

wards its medial

end, and is converted into the auditory tube. The constriction commences when
the embryo has attained a length of about 20 mm., that is about the beginning of

the eighth week, and is completed about the end of that week when the embryo
is about 25 mm. long.

After the auditory tube is defined it grows rapidly in length, and cartilage

appears in its walls during the fourth month.

As the tympanic cavity increases in size the auditory ossicles

—

stapes, incus, and
malleus, which are differentiated from the dorsal ends of the cartilages of the first

and second branchial arches, are invaginated into it.

The membrana tjrmpani, which separates the tympanum from the external

acoustic meatus, is formed from the separating membrane which intervenes

between the first branchial pouch and the first cleft. It consists, therefore, of an

external covering of ectoderm, an internal lining of entoderm, and an intervening

layer, of fibrous tissue, derived from the mesoderm.

The external ear is developed from the cavity and the boundaries of the first

branchial cleft. The cavity of the cleft is transformed into the cavity of the

external acoustic meatus, and on the mandibular and on the hyoid margins of the

Fig. 69.- -FlGURES, MODIFIED FROM HiS, ILLUSTRATING THE FORMATION OF
THE Pinna.

1. Tuberculum tragicura = Tragus.

2. ,, anterius helicis

3. ,, intermedium helicis 1-Heli.x.

4. Cauda helicis

5. Tuberculum anthelicis = Antihelix.

6. Tuberculum antitragicum=Anti-
tragus.

7. Tuberculum lobulare = Lobule.

HM. Hyomandibular cleft.

OV. Otic vesicle.
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cleft tliree eminences appear. From the eminences on the two arches, and the

skin immediately posterior to the eminences on the hyoid arch, are formed the

various parts of tlie auricle, but the exact part played by the individual

eminences in the human subject is as yet a matter of some doul>t.

THE PROTECTION AND NUTRITION OF THE EMBRYO DURING
ITS INTRA-UTERINE EXISTENCE.

Whilst it is passing down the uterine tube, and for a brief period after it

enters the uterus, the zygote, or impregnated ovum, depends for its nutrition

upon the yolk granules (deutoplasm) embedded in its cytoplasm, and upon the

fluid medium surrounding it which is secreted by the walls of the uterine tube

and the uterus.

As the liuman ovum is very small, and as it contains but little deutoplasm, its

nutrition is practically dependent, almost from the first, upon external sources

of supply. The urgent necessity for the formation of adequate arrangements
whereby the external sources may be utilised leads to the early establishment

of an intimate connexion between the zygote and the mother, which is one of the

characteristic features of the development of the human embryo.

During the third week after fertilisation, as the embryo is beginning to be

moulded from the embryonic region, and before the paraxial mesoderm commences
to separate into mesodermal somites, a primitive heart and the rudiments of

some well-defined blood-vessels are distinguishable in the embryo; but the

details of the development of the vascular system and the establishment of the

embryonic circulation cannot be well understood until the formation and structure

of a group of closely associated extra-embryonic organs or appendages, derived

from the zygote, has been considered.

This group includes the chorion, the placenta, the amnion, the umbilical cord,

and the yolk-sac.

THE MEMBRANES AND APPENDAGES.

The Chorion.—It has already been noted that when the zygote becomes a

blastula it consists of three vesicles, a large vesicle enclosing two smaller vesicles

and a mass of primary mesoderm (Fig. 29).

The wall of the large vesicle is composed of trophoblast (trophoblastic ectoderm),

and its inner surface is in direct contact with the primary mesoderm.
A Uttle later a cavity, the extra-embryonic coelom, appears in the primary

mesoderm, separating it into two layers, one lining the inner surface of the tropho-

blast and the other covering the outer surfaces of the two inner vesicles (Figs.

70, 71).

As soon as the extra-embryonic crelom is estabhshed the chorion is formed

;

it consists of the trophoblast and its inner covering of mesoderm.
In the meantime the trophoblast has differentiated into two layers, an inner

cellular layer, and an outer plasmodial layer. In the plasmodial layer cell

territories are not defined, and it consists, therefore, of nucleated protoplasm.

The dilferentiation of the trophoblast into two layers occurs after the zygote

is embedded in the mucous membrane of the uterus which is modified for its

reception and which, after the modification has occurred, is called the decidua.

As development proceeds the trophoblast increases in thickness and it invades the

decidua. As this invasion occurs the plasmodial layer of the trophoblast becomes
permeated with spaces which are continuous with the lumina of the maternal
blood-vessels in the decidua, and are filled with maternal blood.

By means of the spaces the plasmodial trophoblast is separated into branching
processes which intervene between the blood-filled spaces. The processes are

the primary chorionic villi, and they soon develop cellular interiors (Fig. 72).

After a time the primary villi are invaded by the chorionic mesoderm, and are

thus converted into the secondary chorionic villi, which become vascularised by the
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Anterior end of npiiral fold

_,/^~y«. .ria.sinoiUal trophoblast
•• ..l^^^^r^ ._- Cellular trophoblast

Amnion cavity [blast

-.- ilesoderm lining of tropho-

-;—- Mesoderm of amnion

- - Ectoderm of amnion

i^
Allanloiu diverticulum

,'r of entoderm vesicle

I'S' Body stalk mesoderm

Extra-embryonic coelom

Entoderm

Mesoderm covering of

entoderm vesicle

eurenteric canal

Cavity of entodermal vesicle

Fig. 70.

—

Schema of Sagittal Section of Zygote along Line A.

/'

growth of foetal vessels into the foetal mesodermal cores. The secondary villi,

therefore, consist of a mesodermal core covered by a layer of cellular trophoblast

and a layer of plasmodium, the latter lying outside the former. Still later the

secondary villi send out numer-
ous branches into the blood

spaces,and thus increase greatly

in complexity (Figs. 75, 76, 77).

As development progresses

still further a part of the chorion

is converted into the foetal

portion of an organ called the

placenta, and thus the chorion

is divided into placental and
non- placental regions. Upon
the placental part the vilh con-

tinue to increase, but they dis-

appear entirely from the non-

placental part, which is then

called the chorion laeve (Fig.

77).

The Amnion, the Body-
Stalk (Allantoic Stalk), and
the Umbilical Cord.—The
amnion is formed from that

portion of the wall of the larger

of the two inner vesicles of the

zygote, the ecto- mesodermal
vesicle (p. 22), which does

not take part in the formation

of the embryo. It consists of

ectoderm cells covered exter-

nally by a layer of extra-em-

bryonic mesoderm, and it is

continuous with the margin

of the embryonic area (Figs.

70, 71).

The cavity of the ecto-

mesodermal vesicle, enclosed

between the amnion and the embryonic area, is the cavity of the amnion ; it

is filled with fluid, which raises the amnion in the form of a cupola over the

embryonic region (Fig. 70).

The Body-Stalk (Allantoic Stalk).—It has been noted already that the mesoderm
of the median part of the posterior or caudal portion of the amnion becomes

Plasmodial trophoblast Neural groove
Chorion ' Cellular trophoblast \

I,
Mesoderm lining oftrophoblast

Amnion cavity
Extra-embrj'onic coslom

Mesoderm of amnion

Ectoderm of amnion

Jlesoderm covering
entoderm

Entoderm

Cavity of entodermal
vesicle

"'

Fig. 71.

Notochord

-Schema of Transverse Section of Zygote along
Line B (Fig. 31).

Plasmodia!
trophoblast

Plasmodial
trophoblast
Cellular

trophoblast'

McsodiTHi
Ectodi-rm
of amnion

Plasmodial
trophoblast
Cellular

trophoblast ""

Efl'erent vessel --

of villus

Fused nii'soilemi
,

of chorion j/iCy -

and amnion ^/
Ectoderm /
of amnion

«^

Afferent vessel of villus

,^ Fused mesoderm of
~t amnion and chorion

il Ectoderm of amnion

Fi'i. 72.—Schema of Three Stages in the formation of a Chorionic Villus.

thickened. In the thickened strand lies the allantoic diverticulum of the

entodermal vesicle (Fig. 70), whilst through it, on either side of the allantoic

diverticulum, pass the umbilical arteries and veins, by means of which blood is

conveyed between the embryo and the chorion.

This segment of the wall of the amnion vesicle was termed by His the

body-stalk. It takes no direct part in the formation of the embryo, and as it
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contains the rudinicntary allantoic diverticulum and represents the much uiore

highly developed allantois of other forms, it would, perhaps, he hetter to term it the

allantoic stalk. For the. ])resent purpose it is imi)ortant to note that the hlood-

vessels which pass through the hody-stalk enter or leave the hody through the

umbilical oritice, which is, at first, a relatively large aperture (Fig. 50).

As the embryonic area is folded into the form of the embryo the amnion

increases in extent, tilling more and more of the extra-embryonic coelom, and the

embryo rises into the interior of its cavity. In other words, the walls of the amnion

bulge ventrally round the cranial and caudal extremities and the lateral borders

of The embryo (Figs. 75, 76, 77). As the distension of th<^ amnion still continues,

the ventral bulging, round the margin of the umbilical orifice, l^ecomes more pro-

nounced, the yolk-sac is forced farther

and farther away from the embryo, the

vitello-intcstinal duct is elongated, and

it is surrounded by a hollow tul)e. The
cavity of the tube is an elongated part of

the extra-embryonic cadom, and its walls

Afleix-nt vessf
of villu:

I'liisinoilial tioplioblasl

Cellular
Irophoblast
Afferent veHSel

of villus

Mestxlenn
. of villus

Efferent vessel

of villus

Fig. 73.

—

Sch1';ma ov a Tkaxsvekse Section ok a

Secondary Chokiomc Villds. A loop of tlie

afferent vessel has been cut at two points.

are formed by the amnion (Figs. 57, 62, 63)

The caudal wall of the tube neces-

sarily consists of the elongated body-stalk

(allantoic stalk).

As the distension of the amnion still

continues, the walls of the tube are forced

against the vitello- intestinal duct, and
the amniotic mesoderm fuses with the

mesoderm of the vitello-intestinal duct.

When the fusion is completed, a solid cord, the umbilical cord, is formed (Figs.

77, 78, 80). It consists of an external covering of amniotic ectoderm, and a core

of mesoderm in which lie the two umbilical arteries of the body-stalk, a single

umbilical vein formed by the fusion of the two primitive veins, and the remains

of the vitello-intestinal duct and the vitelline vessels. The proximal end of the

umbilical cord is connected with the embryo ; the distal end is attached to the

chorion, and in its neighbourhood lies the now relatively small vesicular yolk-sac

(Fig. 62).

As the amnion grows still larger, all that part of its outer surface which does

not take part in the formation of the umbilical cord is ultimately pressed into

contact with the inner surface of the chorion, with which it fuses, and the cavity

of the extra-embryonic part of the coelom is obliterated (Fig. 78).

The outer wall of the zygote now consists of the fused chorion and amnion,

and it contains in its interior the amniotic cavity and the embryo, which is attached

to the chorion by the umbilical cord.

When it is first formed the umbilical cord is comparatively short, but, as the

amniotic cavity increases, the cord elongates, until it attains a length of from

18 to 20 inches, a condition which allows the embryo to float freely in the

fluid in the amniotic cavity, whilst its nutrition is provided for by the flow and

return of blood, through the umbilical cord, to and from the placenta, where

interchanges take place between the maternal and the fa?tal blood.

The Yolk-Sac or Umbilical Vesicle.—When the embryonic area is folded into

the form of the embryo, the entodermal vesicle is differentiated into three parts

:

(1) a part enclosed in the embryo, where it forms the primitive entodermal

alimentary canal; (2) a part which lies external to the embryo in the extra-

embryonic ctelom—this is the yolk-sac or umbilical vesicle ; (3) the third portion is

the vitello-intestinal duct, which connects the primitive alimentary canal and the

yolk-sac together (Figs. 40, 62).

The walls and the cavity of the yolk sac are, therefore, continuous with the

walls of the primitive alimentary canal, and the structural features of the two are

identical, each consisting of an internal layer of entodermal cells and an external

layer of splanchnic mesoderm.
Free communication between the yolk-sac and the primitive alimentary canal
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appears to exist in the human subject till the embryo is three weeks old and
about 2 '5 mm. long. During the fourth week the vitello-intestinal duct is

elongated into a relatively long narrow tube, which is lodged in the umbiUcal cord

and the yolk-sac, which has become a relatively small vesicle, is placed between
the outer surface of the amnion and the inner surface of the chorion, in the region

of the placenta (Fig. 62). During the latter part of the fourth or the early part of

the fifth week, when the embryo has attained a length of about 5 mm., the vitello-

intestinal duct separates from the intestine and commences to undergo atrophy,

but remnants of it may be found in the umbihcal cord up to the third month.
The yolk-sac itself persists until birth, when it is, relatively, a very minute

object which lies either between the amnion and the placenta or between the

amnion and the chorion leeve.

At a very early period, before the paraxial mesoderm has commenced to divide

into mesodermal somites, a number of arteries, the primitive vitelline arteries, are

distributed to the yolk-sac from the primitive arterial trunks of the embryo, the

primitive aortas, and the blood is returned from the yolk-sac to the embryo by a

pair of vitelline veins (Fig. 81).

After a time the arteries are reduced to a single pair, and after the two primi-

tive dorsal aortse have fused into a single trunk, the pair of vitelline arteries

also becomes converted into a single trunk, which passes through the umbilical

orifice along the vitello-intestinal duct to the yolk-sac (Fig. 83).

The vitelline veins also pass through the umbihcal orifice on their way to the

heart of the embryo, and they become connected together, in the interior of the

body of the embryo, by transverse anastomoses, which are described in the account
of the development of the vascular system.

After the umbilical cord is formed, the extra-embryonic parts of the vitelline

veins disappear, and can no longer be traced in the cord. The same fate overtakes

the extra-embryonic and a portion of the intra-embryonic part of the vitelline

artery, and the remainder of the artery persists as the superior mesenteric.

THE PLACENTA.

The placenta is an organ developed for the purpose of providing first the

embryo and later the foetus with food and oxygen, and for removing the effete

products produced by the metabolic processes which take place in the growing
organism. It is formed partly from the zygote and partly from the mucous
membrane of the uterus of the mother.

In the placenta the blood-vessels of the embryo of the earlier stages and
the foetus of the later stages and the blood of the mother are brought into close

relationship with one another, so that free interchanges may readily take place

between the two blood streams ; and the modifications and transformations of

the uterine mucous membrane and the chorion of the zygote, by which this

intimate relationship is attained, constitute the phenomena of the development of

the placenta.

The details of the develojjment of the human zygote for the first ten or twelve

days after the fertilisation of the ovum are not known, but the knowledge of what
hapi^ens in other mammals justifies the belief that during that time the zygote is

formed, in the ovarian, or the middle part of the uterine tube, by the union of a

spermatozoon with the mature ovum. During the first ten to fourteen days after

its formation it passes along the uterine tube, towards the uterus, whilst, at the same
time, it undergoes the divisions which convert it into a morula.

The Formation of the Placenta.—Before the zygote reaches the uterus the

mucous membrane which hues the cavity of that organ undergoes changes, in

preparation for its reception and retention, and when the changes are completed
the modified mucous membrane is known as the uterine decidua.

The changes which take jjlace are, for the most part, hypertrophic in character

;

the vascularity of the mucous membrane is iucreased, mainly by the dilatation of

its capillaries; the tubular glands of the membrane are elongated, they become
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tortuous, and dilatations form in their walls a short distance from their outer closed

extremities. At the same time the interglandular tissue increases in amount, and
as a result of the various processes the decidua is thicker, softer, more spongy, and
more vascular than the mucous membrane from which it was evolved.

Partly on account of the dilatation of the deep part of the glands and partly

on account of ditterences in texture of the internal as contrasted with the external

part of the decidua, the membrane may be looked upon as consisting of three

layers. (1) An internal layer, next the cavity, the stratum compactum. (2; An
intermediate layer, the stratum spongiosum, formed largely by the dilated parts

of the gli^tids. (3) An external layer, the unchanged layer, in which lie the com-
parativfiy unaltered outer ends of the glands.

"VVnen the zygote, in the morula stage, reaches the uterus, from the tenth to

lie fourteenth day, -it acts as a parasite, it eats its way through the epithelium on
the surface of the decidua, and implants itself in the stratum compactum.

The zygote may penetrate the decidua at any point of the wall of the uterine

cavity, but it usually

enters at some point of

the dorsal or the ventral

wall. The entrance gener-

ally takes place between
the mouths of adjacent

glands, which are pushed
aside, and the zygote be-

comes at once surrounded
by the interglandular

tissue of the stratum com-
pactum of the decidua.

The aperture through
which it passes may be

closed by a fibrinous plug
or its margins may con-

verge rapidly and fuse

together.

The portion of the de-

cidua in which the zygote

is embedded is thicker

than the other parts of the

membrane, and it is separ-

ated by the zygote into an
internal part, the decidua

capsularis, and an external

part, the decidua basalis.

The junction of the decidua

capsularis with the decidua

basalis is the decidua marginalis, and the remainder of the decidua, by far the larger

portion, is the decidua vera.

As soon as the zygote becomes embedded in the decidua its trophoblast under-

goes rapid proliferation. The superficial part of the growing trophoblast becomes

converted into a mass of nucleated protoplasm, the plasmodial or syncytial layer,

but the inner part remains more or less distinctly cellular.

The plasmodial portion of the trophoblast invades and destroys the surrounding

maternal tissue, and at the same time spaces appear in its substance. As the

Plasmodium destroys the walls of the dilated maternal blood-vessels, channels are

made through which the maternal blood flows into the spaces in the plasmodium,

and thus maternal blood begins to circulate in the tropholdast of the zygote.

In the meantime the extra-embryonic ccelom has appeared in the primary

mesoderm of the zygote, and the outer layer of the mesoderm has associated itself

with the trophoblast to form the chorion.

The spaces in the plasmodium enlarge rapidly after the maternal blood

Cavity
cervix ute

Fio. 74.—ScHEM.\ OF A Frontal Section of the Utebcs, showing

the various parts of the decidua ami a zygote embedded in the

decidua.
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begins to circulate within them and the plasmodium becomes divided into
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—

Schema of a Section of a Pregnant Uterus after the formation
OF THE Intervillous Spaces.

ates into a cellular core

by the mesoderm of

the chorion and are

thus converted into

secondary vUli (Fig.

76).

The first-formed

villi are non-vascular,

but by the time the

secondary villi have
developed the um-
bilical arteries have
grown through the

body-stalk (allantoic

stalk) into the meso-
derm of the chorion,

and branches from
them enter the meso-
dermal cores of the

vilU, which thus be-

come vascular.

When the second-

ary villi are fully

developed each con-

sists of a vascular

mesodermal core con-

tinuous with the

mesoderm of the
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dermal core is covered
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—

Schema of a Frontal Section (;f a Pregnant Uterus at the
I'EHiou OF THE FORMATION OF THE EMBRYO. Note extension of amnion

as contrasted ^sith stage .shown in Fig. 75.
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by a layer of cellular trophoblast, Langhati's layer, vviiich lies next the mesoderm,

and a layer of plasmodium external to the cellular layer. The proximal end

of each villus is continuous with the chorion plate of the interN-illous spaces,

formed by tlie chorion, and the distal extremity is connected with the plasmodial

basal layer of the trophoblast, which forms the outer boundary of the intervillous

spaces and which is fused with the maternal decidual tissue.

After a time branches are projected from the sides of the secondary villi

into the intervillous spaces. In this way two sets of secondary villi are

differentiated, (1) the anchoring villi (Fig. 79), which cross from the chorion to the

Yolk-sac
Secondary villuH

rViiclioriiiK villus

^latfrnal
artery

Umbilical cord -

Temporarily
herniated small

intestine

Uterine tube
Unchanged part of

uterine gland
[JUilated part of

uterine ^laiid

eeidua capsularis

Decidua capsulari

rophoblast

esoderm lining

of chorion Iseve

~THeso<lerm of amnion

etoderm of amnion

Decidua vera

Pericaniium (heart not shown)

Fig. 77.—Schema ov a Section of a Pregnant Uteucs ajter the Formation of the Umbilical Cokd.

Note that the expanding amnion has almost obliterated the extra-embryonic coelom which lies between

it and the chorion.

basal layer of trophoblast and are attached to the latter by cell columns, which are

the remains of the primary villi which have not been penetrated by the tcetal

mesoderm, and (2) free or absorbing viUi (Fig. 76), which extend from the sides of

the original secondary vilU into the blood, in the intervillous spaces.

Whilst the trophoblastic invasion of the compact layer of the decidua is

proceeding, not only are the interglandular elements of the decidua destroyed, but

the walls of the glands also, and, as a consequence, some of the glands in the

decidua basalis open for a time into the intervillous spaces, and become filled with

blood which passes from the spaces into the gland cavities. In many cases,

however, before the glands are destroyed their walls are converted into solid

strands of cells, and thus the cavities of their more external undestroyed portions

are converted into closed spaces.

In the early stages the trophoblast is differentiated in a similar manner over
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the whole of the surface of the zygote, and thus, for a time, the whole of the

surface of the chorion is covered with villi. As the embryo grows, and the

amnion and the extra-embryonic coelom are distended, the zygote increases in size,

and the capsular portion of the decidua is stretched till its vascular supply is

interfered with and the villi associated with it undergo atrophy and disappear.

When these degenerative changes have occurred, the portion of the chorion in

association with the thinned decidua capsularis presents a relatively smooth
surface, and is known as the chorion Iseve. Whilst the decidua capsularis is being

stretched and thinned, and the associated portion of the chorion is being reduced

to the condition of a non-villous region, the decidua basahs increases in thickness
;

at the same time the vilh associated with it increase in size and in the complexity

of their branches. The portion of the chorion from which these large villi spring

is termed the chorion frondosum. It is this portion of the chorion which takes
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of the uterus, until it is forced against the surrounding wall of the uterine cavity,

where it fuses with the decidua vera, and thus the cavity of the uterus is

obliterated. This fusion takes place towards the end of the second month, and as

soon as it has occurred the discoid mass of placental tissue is continuous at its

margin with the fused amnion, chorion, and decidua vera (Fig. 78).

After the second month the iVetus lies in the amnion cavity, which is bounded

by the fused chorion and uterine wall, except at the lower end of the uterus, where,

over the oriticium internum, the cavity of the body of the uterus communicates with

the cavity of the neck of the uterus; there the amniotic cavity is bounded by a mem-
brane formed by the fused anmion chorion heve and the decidua capsularis only.

And at the end of pregnancy this i)ortion of the membrane is ruptured by the

increased pressure of the amnion Huid ]»roduced by the contraction of the muscular

wall of the uterus (-Fig. 88).
Uiii-h.-iiiKeil part of uterine gland

Muscular wall of utefiis
|

Matfrnal vein

Matj'Tiial artery

Dt'ciilua l)asilis— uncliaiigHii part

.Viiclinrinj; villus

l>eciiiua-str.ituiu spoiiijiosnni

Unchanged part of uterine glaml

ailiilical gut
• n.i llUlbili-

ilis impar
bllical srt«ry

Umbilical cord

Unchanged layer
I I I I

Ectoderm of amnion
Spongy layer

I | Fused mesoderm of amnion and chorion
Comi)act layei' Trophoblast of chorion

Fui. 79.

—

Schema (1f Stkdctuke of Completed Placenta.

Completion of the Placenta.—It has already been stated that each secondary villus

consists of a vascular mesodermal core covered by a cellular and a plasmodial

layer of trophoblast, the latter lying next the maternal blood in the intervillous

spaces. As development proceeds and the intervillous spaces become larger, the

villi become longer and more complicated, and at the same time the cellular layer

of the trophoblast largely disappears, until in the majority of the villi the

plasmodial layer alone covers the vascular mesodermal core.

In still later stages, degenerative changes occur not only in the villi, but

also in the chorionic plate of the intervillous spaces and in the basal trophoblast

which closes the spaces externally. One of the results of the degenerative pro-

cesses is the deposit of fibrinoid material in the place originally occupied by the

trophoblast, the object of this process is still unknown ; another is the adhesion

of the fibrinous layers on the surfaces of adjacent villi, and the fusion of the

villi thus connected into masses of intermingled fibrinous and vascular tissue.

When the chorionic part of the placenta is completed it consists of (1) the
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chorion plate closing the intervillous spaces internally
; (2) the villi

; (3) the
intervillous spaces; and (4) the basal layer of the trophoblast, which closes the
intervillous spaces externally, and is perforated by the maternal vessels passing to

and from the spaces.

The maternal portion of the completed placenta consists from within outwards
of (1) the basal layer of the decidua

; (2) the remains of the spongy layer of the
decidua ; and (3) the unchanged layer.

Placenta

Spongy layer

Umbilical cord

Betoderm of

amnion

Fused rpesoderni of

amnion and chorion

Trophoblast

Spongy layer, of decidua

Muscular wall of uterus

Compact layer, of decidua

Uterine tube

— Amnion cavity

Spongy layer of
decidua

Fused mesoderm of amnion and chorion

Fig. 80.—Schema ov Pregnant Uterus immediately after Birth of the Child, showing commencing
separation of the placenta. Part of the umbilical cord is shown in section and part in surface view. The
blue streaks in the former part indicate the position occupied by the vitello-intestinal duct in earlier stages.

The basal layer of the decidua is the remains of the compact part of the decidua

basalis of earher stages. It is fused internally with the basal plate of the tropho-

blast, and is continuous externally with the spongy layer. The spongy layer con-

sists of a series of cleft-like spaces. These spaces are the compressed remains of

the earlier dilated portions of the glands of the stratum spongiosum, from which
the epithelial lining has, to a great extent, disappeared. The spongy layer is con-

tinuous externally with the unchanged layer, in which lie the unaltered outer

parts of the glands and the intervening interglandular tissue.
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The maternal hlijod-vessels pass from the muscular wall of the uterus into the sul)-

mucous tissue, and tiience into the placenta, where they traverse the maternal portion

and the hasiil plate of the decidua and open into the intervillous spaces. The
arteries usually open on or near the septa and the veins in the intermediate areas.

In addition, however, to the constituent parts already described, the chorionic

part of the placenta contains some strands of maternal tissue, and in the maternal

part there are portions of trophohlast.

The parts of the decitlua found in the chorionic part of the placenta are a series

of fibrous strantls, the remains of parts of the stratum compactum which were not

destroyed by the trophoblastic invasion. They are continuous externally with

fibrous strands of the maternal part of the placenta, and serve to separate the

placenta into a series of lol»es, from 15 to 20 in number.

The portions of trophoblast met with in the maternal part of the placenta are

variable pieces of plasmodium which appear to have wandered from the general

mass. They may lie found in any of the strata of the maternal part, and even

in the submucous tissue.

At the enil of pregnancy, when intra-uterine life terminates, the fused amnion

chorion and decidua capsularis are ruptured, in the region of the internal orifice of

the uterus, and the amniotic fiuid is expelled through the vagina. Next the foetus

is extruded, and as soon as it is born it becomes a child. After the child is born

it remains attached to the placenta by the umbilical cojd (Fig. 80), which is usually

hgatured in two places and then divided, between the ligatures, by a medical man
or an attendant. Afterwards the placenta is expelled from the uterus.

Detachment of the placenta is probably caused by contraction of the muscular

substance of the uterus, and it takes place by rupture of the strands of the spongy

layer of the decidua (Fig. 80). As the detached placenta is expelled the decidua

vera is torn through along the line of the spongy layer, and the fused amnion and

chorion Iseve and the inner part of the decidua vera, which are attached to the

margin of the placenta and which constitute the membranes, are expelled with it.

At birth the placenta weighs about 500 grm., it has a diameter of about

16 to 20 cm., and is about 3 cm. thick. Its inner surface is covered with the amnion
which fused with the chorion towards the end of the second month of pregnancy.

Its outer surface is rough, it is formed by the remains of the spongy layer of the

decidua, and is di\dded into a number of areas by a series of fissures which

correspond in position with the septa by which the organ is divided into lobes.

THE PRIMITIVE VASCULAR SYSTEM AND THE
FCETAL CIRCULATION.

As the zygote travels along the uterine tube, from the ovarian towards the

uterine end, it exists either upon the yolk granules derived from the ovum or

upon substances absorbed from the fluids by which it is surrounded. After it

enters the uterus it must depend, for a time, upon the same sources of nutriment,

but as it penetrates the decidua it is probable that the cells of the trophoblast

actually devour the cells of the decidua which they invade. This source of food

is only sufficient for a short period, whilst the zygote remains relativel}' small,

and substances absorbed by its surface cells can be transmitted easily to all parts.

Whilst the period exists, however, not only are the decidual tissues utihsed as

a food-supply, but fluids are absorbed from them and transmitted into the interior

of the zygote to fill the expanding cavities of the amnion and the ccelom.

In all probal)ility the fluids passed into the zygote contain nutritive materials

which suffice for the requirements of the embryonic and non-embryonic parts of

the zygote so long as both consist of comparatively thin layers of cells, Itut when
the embryonic area increases in thickness, and begins to be moulded into the

embryo, its association with adjacent fluids becomes less intimate, and as the

development of its various parts progresses, a supply of food and oxygen is required

which is greater than can be provided by osmosis from the adjacent fluid media.

Thus an imperative necessity arises for a method of food-supply adequate to the in-

creasing requirements upon which the continued development and growth depend.
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To meet this necessity the blood vascular system is formed. The system is

essentially an irrigation system. In its earliest stages it consists of a series of

vessels, the blood-vessels, all of which contain a corpuscle-laden fluid, called blood.

The blood is kept circulating, in the early stages, by the rhythmical contraction

of the walls of the vessels, but, after a short time, parts of the vessels are

developed into a muscular organ called the heart. After the heart is estabhshed

the continuance of the circulation of the blood depends upon the regular con-

tractions of the nmscular substance of its walls.

The corpuscular portions of the blood and the walls of the blood-vessels are

formed from the cells of the zygote, but it is obvious, in the early stages at all

events, that the fluid portion of the blood must be obtained from the mother. It

is necessary, therefore, both for this purpose and for the facihtation of interchanges

between the foetal and maternal blood streams, that the fcetal blood-vessels should

be brought into close association with the maternal blood at an early period. It is

for this purpose, among others, that large spaces appear in the trophoblast ; that

the spaces become filled with blood from maternal vessels which have been opened
up by the destructive action of the trophoblast cells ; and that the spaces are

afterwards invaded by the chorionis villi, which carry in their interiors branches

of the blood-vessels of the embryo. As soon as the intimate relationship between
the chorionic vilh and the maternal blood is established fluids can readily pass

from the^ maternal to the foetal vessels, and there can be no doubt that both food

and oxygen pass from the maternal to the fcetal blood through and by the agency
of the trophoblastic epithelium, whilst, at the same time, waste products of foetal

metabolism pass from the fcetal to the maternal blood.

The germs of the vascular system are a series of cells arranged in strands

which constitute, collectively, the angioblast. They appear between the entodermal
and the mesodermal layers of the wall of the yolk-sac, and, therefore, entirely outside

the embryo ; but it is not certain whether they are derived from the mesoderm or

from the entoderm.

Origin of Blood Corpuscles.—After a time the angioblast separates into two
parts, (1) the peripheral cells of the strands which form the endothelial walls of the

primitive blood-vessels, and (2) the central cells which become the primitive blood

corpuscles or mesamoeboids (Minot).

The mesamoeboids are colourless cells with large nuclei and a relatively small

amount of protoplasm ; from them are formed, either by transformation or

division, (1) the erythrocytes, which are coloured blood corpuscles, and (2) nucleated

colourless corpuscles. The erythrocytes are nucleated cells with a homogeneous
protoplasm which contains the substance, called haemoglobin, upon which the

yellowish-red colour of the cells depends, and from them are derived the fully

developed red corpuscles.

The primitive erythrocytes, the ichthyoid cells of Minot, are transitory structures

in mammals, but they are the permanent red blood cells of the ichthyopsida (fishes

and amphibia). They are succeeded by the sauroid blood cells (Minot), which
represent the permanent corpuscles of reptiles and birds, and which are distinguish-

able from the ichthyoid cells by their smaller size and more deeply-staining nuclei.

The sauroid blood cells are replaced by the blood plastids, which are young non-
nucleated red corpuscles. According to some observers the blood plastids are

sauroid cells which have lost their nuclei, whilst other investigators believe the

blood plastids to be the nuclei of sauroid cells. Whatever their origin, they become
converted into permanent red blood corpuscles by transformation from the spherical

to a cup-shaped and later to a biconcave form.

The young red blood cells are therefore the ichthyoid cells, those progressively

older are sauroid cells, blood plastids, and blood corpuscles.

The colourless, nucleated corpuscles—white blood corpuscles—are much less

numerous than the coloured corpuscles in the adult blood. They appear to be

derived from the mesamoeboids, though it is possible that they are also formed by
ordinary mesoderm cells, and as regards tho.'^e formed from mesamoeboids it is not
certain whether a mesamoeboid cell can by division produce both erythrocytes and
white corpuscles, or whether it must produce one or the other. (See note 5, p. 79.)
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Schema of Circulation of an Embkyo, 1"35 mm. i.dng, with Six

SoMiTKS. (After Felix, moilitied.)

The primitive mesamceboids ate formed in the wall of the yolk-sac, and
there some of them produce erythrocytes ; many, however, migrate into the

embryo, where some of them take part in the formation of the walls of the em-
bryonic blood-vessels, and others .liecome enclosed in the liver, the lymph glands,

and the l)0ue marrow, -where they become foci for the formation of blood corpuscles.

During the hrst two months the primitive forms of red lilood cells predominate.

In the second month
the sauroid cells in-

crease considerably

in number, and from

the third month the

blood plastids become
more and more
numerous, until, at

the eighth month
(Minot), the majority

of the l)lood cells

are blood plastids

underfjoing conver-

sion into blood cor-

puscles. At this time

the colourless cells

are present in a very

distinct minority.

Formation of the Primitive Blood Vascular System of the Embryo.—Tlie earliest

stage of the formation of the heart and Ijlood-vessels in the human subject are not

known, but, judging by what occurs in other mammals, it is probable that the first-

lormed vessels appear in the splanchnic mesoderm before the embryonic area

begins to fold. It is presumed that they are formed by angioblastic cells which
have migrated into the embryonic area from the walls of the yolk-sac. From
their seat of origin they extend towards the caudal end of the embryonic area, one
on each side of the notochord, and from the caudal end of the embryonic region

they pass along the body-stalk into the chorion. (See note 5, p. 79.)

As the cephalic
Dor«il intersegmental branches end of the CmbryOnic

Dprsalaort* ^rca is foldcd, tO

enclose the fore-gut,

the corresponding

parts of the primi-

tive arteries are bent
into a c-shaped form.

The ventral limb of

the c, which lies in

the dorsal wall of the

pericardium and the

ventral wall of the

fore-gut, is the primi-

tive ventral aorta. The
bend of the c is the

first aortic arch, which
passes along the
lateral margin of the

bucco-pharyngeal meml)rane. The dorsal hmb of the c is the cranial part of the
primitive dorsal aorta. The primitive dorsal aorta passes posteriorly into the tail

and gives off in the region of the tail fold the primitive umbilical arteiy, which runs
along the body-stalk to the chorion.

The caudal parts of the primitive ventral aortae are the rudiments of the heart.
At first they he, quite separate from each other, in the dorsal wall of the pericardium,
but soon they approach one another and fuse together to form a single tubular

5
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Fk;.
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82.—ScHE.MA OF Vascular System ok an Embryo, 2 "6 .mm. long, with
Fourteen Somites. (Arteries after Feli.x, moditied.)
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Fig. 83. -Schema, of Vascular System of an Embryo with twenty-
three Somites. (Arteries after Felix, modified.

)

heart. The more cranially situated parts of the primitive ventral aortse remain

separate and take part in the formation of ventral roots of the aortic arches.

Before the single heart is formed other blood-vessels have appeared, which

return blood from the chorion and the yolk-sac. to the heart. These vessels are

the primitive veins. Two veins pass from the chorion into, the body-stalk, where
they fuse together to

form thevena umbilicalis

impar. This divides, at

the caudal end of the

embryo, into the two
lateral umbilical veins,

which run to the heart,

one along each lateral

margin of the embryo.
In an embryo 1'3 mm.
long (Eternod), in which
the paraxial mesoderm
had not yet commenced
to segment into meso-
dermal somites, each
lateral umbihcal vein

received, as it entered

the embryo, a large

efferent vein from the yolk-sac. This condition, if regular, is very transitory. After

a very short time the connexion of the vitelline veins with the caudal ends of the

lateral umbilical veins is lost, and the blood is returned from the yolk-sac directly

to the heart by two vitelhne veins, one on each side, which run along the sides

of the vitello-intestinal duct and receive the lateral umbilical veins close to the

heart (Fig. 81).

In the meantime a number of branches have been developed from both the

dorsal and the ventral walls of the nh pair of inter-

primitive dorsal aortffi ; the former

are the somatic pre-segmental and inter-

segmental arteries, and the latter are

the primitive vitelline arteries.

In a human embryo which has de-

veloped six distinct mesodermal somites

the vitelhne arteries form a plexus on

the sides of the hind-gut area of the

wall of the entodermal vesicle, from

which the umVjilical arteries appear

to spring (Felix). The plexus is re-

presented in Fig. 81 by the bulbous

dilatations. The vessels which enter

this plexus arise from the ventral

aspects of the primitive dorsal aortte,

some distance from their caudal ends.

It is probable, however, that the

caudal ends of the primitive dorsal

aortse are connected with the caudal

part of the plexus at tlie points of

origin of the umbilical arteries, though

segmental arteries
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Bulbns cordis

Ventricle
Atrium
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Fig. 84.

—

Diagram showiiif; stage of five aortic arclies.

the connexions are not visible; in the sections of the embryo mentioned (Fig. 81).

Practically tlie same condition is present in an embryo 1-6 mm. long possessing

fourteen distinct somites, except that the main rootlets of the umbilical artery, on

each side, are situated farther caudalwards than in tlie younger embryo, and lie in

the region of the most caudal somites (Fig. 82).

Further Development of the Arterial System.—When the embryo possesses

twenty-thrtic mesodermal soinites, liut is still devoid of limbs, the arterial system has
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Schema of Aoktic Arches of an Embkyo, 9 mh. long. (After

Tandler, modified.) The second and third arches have atrophied and
the transitory fifth has appeared.

advanced considerably in development. Two aortic arches, on each side, now connect
the cephalic end of the heart with 'the primitive dorsal aorta. Tiie umhihcal artery
and vitelline arteries are quite separate, and each umbilical artery springs, l)y a
number of roots which anastomose together, from the caudal part of the C(jrre-
sponding dorsal aorta. The vitelline arteries are still numerous, l)ut that which rises
opposite the twelfth mesodermal somite is becoming the main artery of the yolk-sac;
eventually its ])roximal

, ^ c 1 • . '-nd arches atrophied
part IS transtormed into ' °- •-

the superior mesenteric
artery of the ftetus.

When the embryo
has attained a len^fth of

5 mm., and is about live

weeks old, it possesses

about thirty-eight
mesodermal somites,and ist arches atrophied

five aortic arches are

present on each side.

Commencing from the

cranial end, they are

the first, second, third,

fourth, and sixth ; the
fifth arcli appears sul*-

sequently between the

fourth and the sixth. All five arches pass to the corresponding dorsal aorta, but

the three most caudal, on each side, spring from the cranial end of the heart, which
is now called the aortic trunk, whilst the two most cranial rise from a common stem
which constitutes their ventral roots, and which springs, also, from the aortic trunk
(Fig. 84). A little later the aortic trunk gives off only two branches on each
side, (1) a stem common to the first five arches, for the fifth has now appeared, and

(2) the sixth arch (Fig. 85). The fifth arch is very transitory. Whilst it is present

it runs from the

common ven-

tral stem, caudal
I ^ T-.,;r.., nf ,li,/.tii..- ut.tor-;i-v.:iiw tO tn6 lOUrtll

arch,' to the
dorsal part of

the sixth arch.

It soon disap-

pears, and no
traces of it are

left in the adult

(Fig. 85).

The portion

of the common
ventral stem
which lies
caudal to each
of the arches is
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Schema ok paut of the Ahteriai. System of a Fcetus .seen from the Left
Side. Parts of the first and second arches, the dorsal roots of the third arches, the
dorsal part of tlie right sixth arch, and the dorsal roots of the right fourth and fifth called tllO VCn-
arches have atrophied. The position of tte fifth arch is not indicated ; see Fig. 84. + 1 ^ f f 1 p

arch, and the parts of the primitive dorsal -Aoxi-x wliich lie caudal to the dorsal
ends of tlie arches are called their dorsal roots.

Tlie fir.st two arches, on each side, disappear, and their ventral roots become the
external carotid arteries of the adult. The ventral root of the third arch becomes
the common carotid, whilst the tliird arch and the dorsal roots of the first and
second arclies are transformed into the internal carotid. The ventral root of the
fourth arch on the right side becomes the innominate artery, and the right fourth
arch forms the proximal part of the right subclavian artery. The remainder of the

5 a
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External carotids

right subclavian is developed from the seventh right somatic inter-segmental artery.

The ventral root of the left fourth arch and the arch itseK form the arch of the aorta.

The fifth arch, as already stated, is quite transitory ; it leaves no remains, therefore

it is not necessary to speak of any part of the ventral stem as its ventral root. The
ventral part of the sixth arch on the right side becomes the extra-pulnionary part

of the corresponding pulmonary artery. On the left side it practically disappears.

On the right side the dorsal part disappears, but on the left side it persists, till birth,

as the ductus arteriosus, which connects the pulmonary artery with the aorta, and
after l^irth it is converted into the ligamentum arteriosum. The truncus arteriosus

is cleft into two parts by a spiral septum ;
one part, which remains continuous with

the ventral roots of the fourth arches

and therefore with the innominate artery

and the aortic arch, becomes the ascend-

ing aorta, and the other, which remains
associated with the sixth arches, becomes
the stem of the pulmonary artery.

Whilst the changes mentioned have
been taking place in the cephahc part

of the arterial system, the primitive

dorsal aortse have fused together from
a point immediately caudal to their

seventh dorsal branches to a point

immediately cranial to the origins of

the umbilical branches from their ven-

tral aspects, and their ventral Vjranches

have fused together into single stems,

some of which have been converted into

the coeliac, the superior mesenteric, and
the inferior mesenteric arteries. The
fusion of the dorsal aortse commences
in embryos about 2'5 mm. long. When
the embryo has' attained a length of

5 mm. the fusion has extended to the

caudal ends of the aortse and the single

stem is continued into the rudimentary
tail as the caudal artery, which after-

wards becomes the middle sacral artery.

After the fusion is completed the um-
bilical arteries spring from the ventral

aspect of the single dorsal aorta. (For
iiG. 8/. -Schema of Part of the Vascular System , ^ fm-thpr hi^tnrv of tbp artPrial svsfpm

OK A F(ETDs SEEN FROM THE Front. Showing the "^^6 luiiner nistory 01 tne arterial system,

origin of the positions of the first and second arches, See under Vascular System.)
the dorsal roots of the third arches on both sides,

•J'-J^q Primitive VenOUS System. The
and the dorsal roots of the fourth and fifth arches r. , i„r> -.^ „ 4. 1 „ <. ,^, „
on the right side are shown in dotted lines. The A^St definite venous trunks tO appear

positions of the fifth arches are not shown. are the umbilical veins, returning blood

from the chorion, and the vitelline

veins, which convey the blood from the yolk-sac.

Two umbilical veins enter the body-stalk and unite to form the vena umbilicalis

impar (Fig. 81). This divides, at the posterior margin of the umljilicus, into the
right and left lateral umbilical veins, which run round the lateral margins of the

umbilical orifice, in the lateral margins of the body wall of the embryo. At
the cranial margin of the umbilicus they turn medially, enter a transverse bar of

mesoderm which forms the caudal boundary of the pericardium and is known as

the septum transversum, and jjass through it into the caudal end of the heart

(Figs. 81, 82).

The l)lood from the yolk-sac passes, for a short time, into the lateral umbilical

veins at the posterior margin of the umbilicus. This is a very transitory arrange-

ment, and it is soon replaced by the formation of two proper vitelline veins, one
on each side, which ascend, along the vitello-intestinal duct, to the cranial margin
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of the uiiibilicua, where they enter. the Heptuiu transversuni, in which each vitelline

vein joins the corres])onding umbilical vein, forming a common vitello-intestinal

trunk, which enters the sinus venosus (Fig. 81).

This trunk also receives the primitive head vein, or anterior cardinal vein, whicli

returns tin* Idood from the craniul \nirl of the cmliryo (Fig. 82).
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—DiAUHAM OF THE FcKTAI^ (_'lKCLLATION.

A little later two veins are formed, one on each side, which return blood from

the body wall and the primitive liml)S. They are the posterior cardinal veins, and

as soon as they are established they join the caudal ends of the anterior cardinal

veins to form the ducts of Cuvier, which then open directly into the posterior part

of the heart which is called the sinus venosus (Fig. 83). Shortly afterwards the

common stems of the vitello-umbilical veins are absorbed into the sinus venosus,

forming its right and left horns. When this has happened six veins open into
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the sinus venosus, three on each side—the two ducts of Cuvier, the two vitelline

veins, and the two lateral umbilical veins (Fig. 83).

The anterior cardinal veins and their tributaries, and cross anastomoses which
form between them, are transformed into some of the cranial blood sinuses, the

internal jugular veins, the innominate veins, and the cephalic (upper) part of the

superior vena cava. The right duct of Cuvier becomes the caudal part of the

superior vena cava, and the left is converted into the oblique vein of the left

atrium (O.T. oblique vein of Marshall) (Fig. 88).

A portion of the abdominal part of the right posterior cardinal vein is replaced

by the right subcardinal vein, and from this and a transverse anastomosis between
it and the opposite subcardinal vein is formed that part of the inferior vena cava

which extencls from the renal veins to the liver, and a part of the left renal vein.

From the remains of the cardinal veins and transverse anastomoses between them
are formed (1) the azygos, the hemiazygos, and the accessory hemiazygos veins

;

(2) the inferior vena cava, caudal to the renal veins
; (3) the common ihac veins

;

(4) the hypogastric veins ; and (5) the parts of the left lumbar veins which
pass dorsal to the aorta (Fig. 88).

The cephalic end of the inferior vena cava is formed from the cephalic extremity

of the right vitelhne vein and a caudal outgrowth from it which unites with the

right subcardinal vein (Fig. 88).

Details of the history of the transformations of the cardinal veins, the vitelline

and umbihcal veins, and the formation of the cranial part of the inferior vena cava

are given in the account of the further stage of the development of the vascular

system.

The Primitive Heart.—The primitive heart is formed in the dorsal wall of the

pericardium, ventral to the fore-gut, by the fusion of the caudal parts of the

primitive ventral aortse, and shortly after its formation it is divided into five

primitive chambers. The most caudal of the five, which receives the main primitive

veins, is the sinus venosus, the second is the atrium, the third the ventricle, the

fourth is the bulbus cordis, and the fifth and most cranial is the truncus aorticus,

which discharges its contents into the ventral roots of the aortic arches (Fig. 84).

During the period which intervenes between the time when the embryo is

8 mm. and 17 mm. long, that is between the fifth and the eighth weeks, the greater

part of the sinus venosus is absorbed into the atrium ; the ventricle and the atrium

are each divided into right and left chambers by the formation of an interatrial

and an interventricular septum ; the bulbus cordis is absorbed partly into the

ventricle and partly into the truncus aorticus, and the truncus aorticus is separated

into the ascending part of the aorta and the stem of the pulmonary artery. When
these changes are completed the heart consists of right and left atria and right

and left ventricles. The ventricles are entirely separated from one another by
the interventricular septum, but there is an orifice of communication between the

right and left atria (Fig. 88).

The right atrium receives blood from the superior and inferior venae cavse, and
from the walls of the heart, by the coronary sinus, which is a remnant of the

transverse part and left horn of the sinus venosus. The blood which enters through
the superior vena cava and by the coronary sinus, passes through the right atrio-

ventricular orifice into the right ventricle, but the whole, or the greater part, of the

blood which enters by the inferior vena cava passes through the foramen ovale,

which lies in the interatrial septum, into the left atrium.

The blood which enters the right ventricle is ejected into the pulmonary artery.

A small portion of it passes by the right and left branches of the artery into the

lungs, and is returned to the left atrium by the pulmonary veins, but by far the

greater part x^asses through the ductus arteriosus into the aorta, which it enters at

a point immediately beyond the origin of the left subclavian artery (Fig. 88).

The blood which enters the left atrium, through the foramen ovale, mixes,

in the left atrium, with the blood which is returned by the pulmonary veins;

then it passes through the left atrio-ventricular orifice into the left ventricle,

by which it is forced into the aorta. Some of this blood passes into the

innominate artery, and so, by its right subclavian branch, to the right upper
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extremity, and l)y its right cominon carotid l)ranch to tlie right side of the head
and neck ; another part enters the left common carotid artery and is distriltuted to

the left side of the head and neck, and some passes, thnjugh the left subclavian

artery, to the left upper limb. The remainder mixes with tiie blood which enters

the aorta, I'rom the right ventricle, through the pulmonary artery and the ductus

arteriosus. I'art of this mixed blo<»d is distributed to the l)ody and the viscera,

and the lower limbs, and the remainder passes through the umbilical arteries to the

placenta (Kig. 88).

The Foetal Circulation.—When the foetal circulation is thus fully established,

purified oxygenated blood, returning from the placenta, enters the body of the

t'cetus by the umbilical vein and passes to the liver. Some of it enters the liver,

but the greater part passes, through a ciiannel called the ductus venosus, to the

inferior vena cava, where it mixes with the venous blood returning from the

lower limbs and the abdominal region, including the liver. This mixed, but,

as contrasted with the blood in the superior vena cava, comparatively pure blood

enters the right atrium and passes through it and through the foramen ovale into

the loft atrium, thence to the left ventricle and through the left ventricle into

tiie aorta. A portion of this comparatively pure blood is distributed to the head
and neck and the upper limbs. The remainder unites with the stream of venous
blood poured into the aorta through the ductus arteriosus. Part of it is distributed

to the body and the lower limbs, and part is sent to the placenta to be purified

and oxygenated (Fig. 88).

The remaining part of the blood stream is formed by the blood returned from
the head and neck, the upper part of the l)ody and the upper limbs, by the

superior vena cava, and from the walls of the heart by the co»onary sinus. It

is the most venous and impure blood in the body. After entering the right

atrium it passes into the right ventricle, and thence into the pulmonary artery.

A very small part of it is passed to the lungs, by the right and left branches

of the pulmonary artery ; the ren)ainder goes through the ductus arteriosus into

the aorta, where, beyond the origin of the left subclavian artery, it mixes with the

much purer blood which entered the aorta from the left ventricle.

At birth, when the placental circulation ceases, the lungs become the organs

through which oxygen enters and carbonic acid leaves the blood ; the foramen
ovale in the interatrial septum closes, and the ductus arteriosus is obliterated.

The course of the circulation and the condition of the blood in the different regions

is, therefore, considerably altered.

On account of the cessation of the placental circulation all the blood which
enters the right atrium is entirely venous, and, as the foramen ovale is closed,

it all passes into the right ventricle, which forces it into the pulmonary artery.

As the ductus arteriosus is closed, all the blood which enters the pulmonary
artery must now pass through the lungs, where it is aerated, and whence it is

returned, by the pulmonary veins, as oxygenated blood, to the left atrium. It

passes from the left atrium to the left ventricle, which forces it through the

aorta and its branches to all parts of the head, neck, body, and limbs ; and
now, for the first time, all parts receive blood of the same quality.

THE CCELOM.

It has already been pointed out that there are two parts of the coelom, the

extra-embryonic and the intra-embryonic. Both are clefts separating an outer from
an inner layer of mesoderm.

The Extra-embryonic Coelom.—The extra-embryonic coelom appears in the

primary mesoderm and separates it into a parietal and a visceral layer. The
parietal layer covers the inner surface of the trophoblast and forms with it the chorion.

It covers also the outer surface of the amnion. The visceral layer covers the outer

surface of the extra-embryonic portion of the wall of the entodermal cavity.

The extra-embryonic and intra-embryonic parts of the ccelom are at first

separate from one another (Fig. 36), then they become continuous, for a time, in the

region of the umbilical orifice (Fig. 37), but are separated from one another again

56
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Alimentary
canal

when the umbilical orifice closes. The extra-embryonic portion is entirely

obliterated when the outer surface of the expanding amnion fuses with the inner

surface of the chorion (compare Figs. 77 and 78).

The Intra-embryonic Coelom.—The intra-embryonic ccelom appears as a series

of cleft-like spaces in the margin of the embryonic mesoderm. The spaces fuse

together to form a fl-shaped cavity (Fig. 89) which separates the peripheral part

of the embryonic mesoderm into a parietal or somatic, and a visceral or splanchnic,

layer. The bend of the fl-shaped cavity lies in the
.Pericardial coelom

j^^rgin of the ccphalic part of the embryonic region,

and it has no direct communication with the extra-

embryonic coelom, but the greater part of each stem
of the cavity, on account of the disappearance of its

lateral wall, soon opens, laterally, into the extra-
peritoneai canal embryonic coelom.

The transverse portion of the fl-shaped cavity, which
extends across the cephalic end of the embryonic area

and connects the two limbs together, is the pericardial

cavity. The adjacent part of each lateral limb of the

cavity is the pleuro-pericardial canal, it becomes a pleural

cavity, and the remaining portions of the two limbs
Fig. 89. —Schema of Intra- unite ventrally, as the umbilical orifice closes, to form
Embryonic c<elom seen from ^^^ g^jj^ie peritoneal cavity.
ABOVE BEFORE THE FOLDING OF i ^i i i p t i p ,i • t i , n .i_

THE Embryonic Area. As the head lold lorms, the pericardial part oi the

cavity is carried ventrally and caudally into the ventral
wall of the fore-gut (Fig. 90). The mesoderm which originally formed its peri-

pheral boundary, but which now lies in the cephalic boundary of the umbilical
orifice, becomes thickened, and forms the septum transversum (Figs. 90, 91, 93).

Alimentary
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Peritoneal
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Pericardium
Opening into pleuro-
peritoneal canal
Pleuro-peritoneal canal

Peritoneum

Spinal medulla
Fore-gut

Pleuro-pericardial
canal

Pericardium

Heart

Spinal medulla

Dorsal mesentery

Alimentary canal

Peritoneum

C B
Fig. 90.

—

Schemata of Embryonic Ccelom after folding of Embryonic Area but bef'ore the
Separation of the Varioos Parts. D from aljove ; A, B, and C at levels of line A, B, and C in Fig. D.

At the cephalic end of its dorsal wall, on each side, the pericardial cavity is still

continuous with the two lateral parts of the coelom ; and each lateral part, which
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lies dorsi

laterally

The

ill to the iiericardiuin, ami between the fore-gut inodially and the body

, is still a ])leuro-])ericardial canal.

Separation of the Pericardial, Pleural, and Peritoneal Parts of the

Coelom.— In the lateral wall of each

pleuro-iiericardial canal, near its

ceplialic end, lies tlie duct of Cuvier,

passing towards the heart ; and a

lung bud containing a primitive

bronchial tube grows, from tlie medial

wall, into the cavity of each pleuro-

AlimenUrv canal
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y Lung bud

Commencing lateral

jiart of diaphragm

Septum trans\ersuni
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Fig. 91.

—

Schema of Later Stage ok Differentiation
OF CcELOM. A, from above. B, transverse section cut Fig. 92.

—

Schema of a Transverse Section
level of lung bud in A. at the level of the Lung Bud in Fig. 91.

pericardial canal (Fig. 91). As the lung buds grow the cavities of the pleuro-

pericardial canals increase in size, and each passes ventrally, round the side of

the pericardium towards the ven-
tral wall of the body, until it is

separated from its fellow of the op-

posite side only by a median meso-
derm-filled interval, which becomes
the anterior mediastinum and the

anterior part of the superior media-

pieurai cavity stinuin (Fig- 94). At the same time
Closed aperture tetween thc cavity of cacli plcuro-pcricardial
pleura and iieiicardiuiu

,
''. , '

. ^

.

, ,

canal, and the growing lung bud
in its interior, grow towards the

cephalic end of the embryo (Fig.

entary canal

Duct of Cuvier

Lung

B-if---

Lateral part of
diaphragm converging

I

, ,1 towards dorsal
' •

'' mesentery
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Fig. 93.

—

Schema of still later Stage of Ccelom
DiKFEREXTUTiox. The pleurae are separated from the

pericardia, but still communicate with the peritoneum.

Fig. 94. — Schema of Tr.vxsverse
Section o? Embrto at Level of
Line B, Fig. 93, showing ventral ex-

tension of the pleurae.

93). As it passes cephalwards the growing lung lies to the lateral side of the

duct of Cuvier, which is thus forced against the cephalic end of the pleuro-

p^i(;af(Ji9') f^Dal, compressing it towards the median plane, against the sides



74 HUMAN EMBEYOLOGY.

of the trachea and the oesophagus, until its cavity is obliterated. When this

occurs the pericardial cavity is entirely shut off from the remainder of the coelom,

and it becomes a completely closed space (Fig. 93).

As the closure of the pericardial cavity is taking place two wing-like folds of

mesoderm, connected ventrally with the septum transversum and laterally with

the body walls, appear, caudal to the lungs (Figs. 91, 93). These folds are the

rudiments of the lateral parts of the diaphragm, and each passes medially until it

fuses with the mesoderm of the side wall of the fore-gut and with the dorsal

mesentery. When this fusion is completed the cavity of the portion of the ccelom

surrounding the lung, the original pleuro-pericardial canal, is separated from the

more caudal part of the ccelom, which now becomes the peritoneal cavity.

Only the broad outlines of the processes by which the pleuro-peritoneal canals

are separated from the pericardium and the peritoneum are mentioned in the

preceding paragraphs. The details of the processes are too complicated for

description in an ordinary text-book of anatomy.

The Formation of the Diaphragm.—There are four main parts of the

diaphragm, a ventral, a dorsal, and a right and a left lateral.

The ventral part is formed from the septum transversum, which is gradually

differentiated into a caudal, an intermediate, and a cephalic part. The caudal part

is transformed into (1) the mesodermal tissue of the liver, which grows towards

the abdomen, (2) the falciform and coronary ligaments, and (3) the small omentum.
The cephahc part becomes the caudal or diaphragmatic wall of the pericardium.

The intermediate part is transformed into the ventral portion of the diaphragm.

The dorsal part of the diaphragm is developed from the mesoderm of the dorsal

mesentery of the fore-gut. Each lateral part is derived from a lateral ingrowth

which springs ventrally from the septum transversum and laterally from the body
wall. The two lateral portions grow towards the median plane till they fuse

with the dorsal portion ; but in some cases, especially on the left side, the fusion

is not completed. In such cases an aperture of communication remains, between

the pleural and the peritoneal cavities, through which a portion of the abdominal

contents may pass into the pleural sac, constituting a diaphragmatic hernia.

SUMMAEY OF THE EXTEENAL FEATUEES OF THE HUMAN EMBEYO
AND FGETUS AT DIFFEEENT PEEIODS OF DEVELOPMENT.

During the first fourteen days after the impregnation of the ovum the human zygote

descends through the uterine tube, assumes the morula condition, enters the uterus,

penetrates into the decidua compacta, and differentiates into three vesicles and a mass of

primitive mesoderm ; but, probably, it is not until the beginning of the third week, if

Bryce's calculations are correct, that a definite embryonic area is present. By that time

the zygote is an ovoid vesicle measuring 2-4 by 1-8 mm. Its wall is formed by the

trophoblast, and it contains two inner vesicles, the ecto-mesodermal and the entodermal

vesicles. The inner vesicles are surrounded by a mass of primary mesoderm in which

the extra-embryonic portion of the coelom is beginning to appear. At this period the

embryonic area is the region where the walls of the two inner vesicles lie in relation with

one another, and it is '19 mm. long (Fig. 30).

By the eighteenth or nineteenth day the area has attained a length of 1"17 mm. and
it is '6 mm. broad. It is pierced, about the centre of its length, by the neurenteric canal

;

the primitive streak has appeared on the dorsal surface of the area ; the primitive groove

is distinct, and the neural groove is indicated. The body-stalk is bent dorsally, at right

angles with the area, and it contains the allantoic diverticulum, which has already been

projected from the wall of the entodermal vesicle (Fig. 95).

During the next twenty-four hours the length of the embryonic area increases to 1 "54

mm.; the neurenteric canal is moved caudally, to a point well behind the middle of the

length of the area, and the posterior part of the area is bent ventrally, forming the

posterior boundary of the hind-gut region and indicating the position of the future cloacal

membrane. The head fold has begun to form, and the pericardial region lies in the

ventral wall of the rudimentary fore-gut (Fig. 96).

By the middle of the third week the head and tail folds are distinctly formed and
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the length of the embryo is 19 mm., the neunil folds are well developed, the neural

groove is still completely open, and six pairs of mesodermal somites are visible (Fig. 97).

In the next few days the length increases to 2 5 mm., the neural groove closes except

in the cranial and caudal regions, the number of mesodermal somites is increased to four-

teen pairs, and the cranial region begins to bend ventrally as the cervical flexure forms

(Fig. 98).

By the end of the first month the greatest length of the embryo is about 2"6 rnm.,

the head is bent at right angles to the body, the Wolffian ridges have appeared along

the ventral martrins of the mesodermal somites and indications of the limb rudiments

Fig. 95.

—

Frassi's Zygote. Estimated to be 18-19

days old (Bryce). The embryonic area is 1'17

mm. long ami "6 mm. broad. Copied from Xor-
malta/eln, Keibel and Elze, representing a recon-

struction. The chorion is not shown. The upper
part of the amnion is cut away, and the dorsal

aspect of the embryonic area is seen from above.

In the centre of tlie area is the neurenteric

canal and caudal (inferior in the Fig.) to it is the

primitive groove. Cephalwards of the neurenteric

canal is the neural groove, in the middle of the

neural plate. At the lower (caudal) end of the

Fig. is seen a section of the body stalk containing

the allantoic diverticulum, and the nodulated
area seen at the upper and right lateral part of

the Fig. is a portion of the yolk-sac.

Fig. 96.

—

Si'Ee's Zygote. (From Keibel and Elze's

Xormaltafeln.) Length of embryonic area 1"54 mm.
Estimated age 19-20 days (Bryce). At the lower

end of the Fig. (caudal end of the embryo) is seen

a portion of the chorion attached to the embryo by
the body stalk. A portion of the amnion is still

attached to the margin of the embryonic area, and
the dorsal surface of the embryonic area is exposed.

In the median plane of the area is the neural groove,

and at the caudal end of the groove is the neur-

enteric canal. The caudal part of the area is bent

ventrally, and upon it is the remains of the primitive

groove. The yolk-sac is seen at the upper and
right part of the Fig.

are present. The rudiments of the otic vesicles have appeared as slight depressions in

the region of the hind-brain. The anterior and posterior neuropores are still open
(Fig. 99).

In the latter part of the fourth or the beginning of the fifth week the embryo attains

a length of about 5 mm., when measured from the vertex of the head to the base of the

tail, the mesodermal somites increase to thirty-five ; the rudiments of the fore- and hind-

limbs become quite distinct ; the otic vesicles sink into the interior of the head but
remain connected with the surface by the recessus labyrinthi, the tail becomes a very

definite appendage, and the bulgings caused by the otic vesicles are quite obvious on
the surface of the head. The cervical flexure remains acute, and the head bends at right

angles upon itself in the region of the mid-brain, forming the cephalic flexure, with the

result that the frontal extremity of the head is turned caudally (Fig. 100).

By the end of the fifth week the length of the embryo has increased to 1 1 mm. (CR) ^

^ CR indicates the crown-rump or crown-breech measurement which corresponds with the sitting

height (Mall).
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(Mall). Forty-three mesodermal somites are present, but only about twenty-one are visible

on the surface. During the fifth week the lens of the eye appears as a thickening of the

surface ectoderm ; sinks into the interior of the eyeball ; becomes a vesicle and separates

from the surface. The three segments of the fore-limb become visible, and the rudiments
of the fingers appear. The hind-limb is less advanced ; the thigh segment is not distinct,

and the rudiments of the toes are not yet visible. The third and fourth visceral arches

disappear from the surface and lie in the depths of the precervical sinus, a depression

between the neck and the anterior part of the body ; this is overlapped, superficially, by
the caudal margin of the second arch, which grows tailwards and forms the operculum of

il

Ite*'

Fig. 97.

—

Krcembr - Pfannenstiel Zr-
GOTE. (From Keibel and Elze's

Nmiiialtafeln. ) The embryonic
region is folded into the form of an
embryo, which is 1 "9 mm. long, and
it is possibly about three weeks old.

At the lower end of the Fig. (the

caudal end of the embryo) are seen
portions of the chorion and body-
stalk. The cerebral portion of the

neural rudiment is defined. Six

pairs of mesodermal somites are

present, but there are no signs of

limbs.

Fig. 98. — Balle's Embryo.
(From Keibel and Elze's

Normoltafeln.) Length after

hardening in alcohol 2 '5

mm. The neural groove

is closed from the sixth

somite to within a short

distance of the caudal end,

but it is open anteriorly.

The hind-, mid-, and fore-

brain regions and the optic

vesicle can be distinguished.

At the lower end of the

Fig. is tlie body-stalk, and
at the right side a part of

the yolk-sac.

Fig. 99.

—

Pfannenstiel's Em-
bryo. (From Keibel and
Elze's NoTimdtafdn. ) Length
of embryo about 2 '6 mm.
The rudiment of the otic

vesicle is seen in the Fig.

above the second branchial

cleft. The heart and peri-

cardium from the bulging

eminence below the head and
the Wolffian ridge is seen at

the lateral border of the meso-

dermal somites.

the sinus (Figs. 101, 102). During the fiftli week the head grows rapidly, and becomes
relatively very large as contrasted with the body.

During this week also the olfactory pits appear, and grow dorsally in the roof of the

stomatodajum, separating the median from the lateral nasal processes ; the median process

is divided into the two globular processes ; and the maxillary processes of the mandibular
arches, growing towards the median plane, fuse with the lateral nasal and the globular

processes, so completing the lateral parts of the primitive cranial lip (Figs. 64, 65, 66).

The nodular outgrowths which form the rudiments of the auricles appear on the

margins of the hyo-mandibular cleft and fuse together, and by the end of the week traces

of the tragus, the holi.x, and the antitragus are visible (Fig. 103).

By the seventh week the embryo has attained a length of 17 mm. (CR). The cervical

flexure has begun to unfold. The rudiments of the eyelids have appeared. The globular

processes have fused together, but there is still a distinct notch in the middle of the

cephalic or upper lip. The margins of the auricles are now well defined ; the hands are
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I

(

Fig. 100.

—

Sidk view ok an Embryo, measuring about

5 mm. from the root of the neck to the base of the tail,

and about 47 mm. from the crown or mid-brain region

to the base of the tail, that is to the breech or rump.

(From Keibel and Elze's Normaltafehi.) The neural

tube is closed. The limb buds are quite distinct, and

the maxillary process of the mandibular bar has grown
forward below the eye (dorsal to the eye in the Fig.).

Fig.' 101.

—

Embkyo of 7'2 mm., CR Mea-sukkment. 8"5 mm.
greatest length. (From Keibel and Elze's Normaltafehi. ) llie

fore-limb is distinctly in advance of the hind-limb. The
second branchial arch has begun jto overlap the third and

fourth and to enclose the precervical sinus. The tip of the

maxillary process is in contact with the lateral and medial

nasal processes at the margins of the olfactory pit.

Fig. 102.

—

Embhyo, ~"1 mm. ^CKj, and 8 mm. greatest length.

(From Keibel and Elze's Xonnaltafeln.) The limbs have

begun to fold ventrally. The second arch has completely

overlapped the third and fourth which now lie in the

precervical sinus, and the sinus still opens on the surface

at the posterior border of the second arch. The lens of

the eyeball is very evident, and rudiments of the auricle

of the e.xtemal ear have appeared on the mamlibular or

tirst, and the hyoid or second arch.

Fig. 103.

—

Embkto, 10-9 mm. (CR) and 11 "5 mm. greatest

length. (From Keibel and Elze's Xonualta/dn). The pre-

cervical sinus is closed and additional rudiments of the

auricle of the external ear are present on the first and

second arches. The anterior nares are no longer visible

from the side.
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folded medially; the tips of the fingers are free, and the palms rest on the cranial part

of the distended abdomen. The thighs and the toes have appeared, and the tail has

begun to fuse with the caudal end of the bod}^ (Fig- 104).

At the end of the eighth week, when the embryo becomes a foetus, it has attained a

length of about 25 mm. (CR). The auricles project from the sides of the head, the tail

has almost disappeared from the surface, and the toes are free fi-om one another. The
cervical flexure is now very slight, and although the head is still relatively large, the

disproportion between it and the body has begun to decrease (Fig. 105).

Third Month.—The head grows less rapidly, and, though it is still large, it is relatively

smaller in proportion to the whole body. The eyelids close, and their margins fuse

Fig. 104.—EiiBRyo (CR) greatest length 18"5 mm.
Probably between seven and eight weeks old. (From
Keibel and Elze's Normaltafeln.) The abdomen
is very prominent on account of the rapid increase

of the liver. The digits of the hand and foot are

distinct but not separated from one another. The
margin auricle of the external ear is completed. The
eyelids have begun to form.

Fig. 105.

—

Homan F(etus eight and a half
WEEKS OLD. (After His.

)

GE. Genital eminence ; UC. Umbilical cord.

together. The neck increases in length. The various parts of the limbs assume their

definite proportions, and nails appear on the fingers and toes. The proctodseum is formed
and the e.xtemal generative organs are difl'erentiated, so that the sex can be distinguished

on external examination. The skin is a rosy colour, thin and delicate, but more consistent

than in the preceding stages. By the end of the third month the total length of the foetus,

excluding the legs, is 7 cm. (24 in.), including the legs, 9-10 cm. (3f-4 in.), and it weighs
from 100-125 grammes (3^-4| oz.).

Fourth Month.—In the fourth month the skin becomes firmer, and fine hairs are

developed. The disproportion between the fore- and hind-limbs disappears. If the foetus

is born at this period it may live for a few hours. Its total length from vertex to heels

is 16-20 cm. (6r-8 in.), from vertex to coccyx 12-13 cm. (4^-5^ in.), and it weighs from
230-260 grammes (81-91 oz.).

Fifth Month.—The skin becomes firmer, the hairs are more developed, and sebaceous

matter appears on the surface of the body. The legs are longer than the arms, and the

umbilicus is farther from the pubis. At the end of the month the total length of the
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fa'tus, from vertex to heels, is 25-27 cm. (10-1011 in.), from vertex to coccyx 20 cm.

(8 in.), and its average weight is about half a kilogramme (1 ,'(j lbs.).

Sixth Month.—The skin is wrinkled and of a dirty reddish colour. Tlie hairs

are stronger and darker. The deposit of sebaceous matter is greater, especially in the

axillie and groins. The eyelashes and eyebrows appear. At the end of the month the

toUil length of the fcetus, from vertex to heels, is from 30-32 cm. (12-12? in.), and its

average weight is about one kilogramme (2^ lbs.).

Seventh Month. — The skin is still a dirty red colour, but it is lighter than

in the previous inonth. The body is more plump on account of a greater deposit of sub-

cutaneous fat. The eyelids re-open, and the foetus is capable of living if born at this

period. Its total length at the end of the month, measured from vertex to heels, is 35-36

cm. (14-14': in.), and its weight is about one and a half kilogrammes (3.1 lbs.).

Highth Month. -The skin is completely covered with sebaceous deposit, which

is thickest on the head and in the axilla) and groins, and its colour changes to a bright

flesh tint. The umbilicus is farther from the pubis, but it is not yet at the centre of the

body. The total length of the fa3tus, from vertex to heels, is 40 cm. (16 in.), and its weight

varies from 2 to 2\ kilogrammes (4^-5.'; lbs.).

Ninth Month. — The hair begins to disappear from the body, but it remains

long and abundant on the head. The skin becomes paler, the plumpness increases, and
the umbilicus reaches the centre of the body. At the end of the ninth month, when the

fcetus is born, it measures about 50 cm. from vertex to heels (20 in.), and it weighs from

3-3i kilogrammes {^i%-'iyq lbs.).

The age of a foetus may be estimated, approxiniately, by Hasse's rule, viz., Up to tlie fifth

month the length in centimeters, the lower limbs being included, equals the square of the age

in months, and after the fifth month the length in centimeters equals the age multiplied by five.

Note 1.— Evidence is gradually accuniulating which tends to show that the reduction of the number of

chromosome.s may take place during the last divisions of the germ mother cell, that is before the growth of

the oocyte or spermatocyte I commences, and therefore before maturation commences.
NoTK 2.—There is evidence which jjoints to conclusions somewhat different from those stated ou p. 14,

regarding the dentoplasni in mammalian ova, but it is not yet sufficient or sufficiently conclusive to justify its

incorporation in a text-book account.

Note 3.—The recent observations of (J. Fineman, A7iat. Hefte, 159 H. (53 B. H.), 1915, show that the

ductus enilolymphaticus is not derived from the original canal of communication with the exterior, but is

formed independently by a process of evagination.

Note 4.—Evidence which has accumulated since this statement was made tends to show that bluod

corpuscles and the endothelial cells which form the walls of the primitive blood-vessels are derived from

different ancestors, the endothelial cells from mesencliyme cells, and the red blood corpuscles form angioblasts

which may be derived, as some observers believe, from mesenchyme cells, or, as others thhik more probable,

from entoderm cells.

Note 5.—The origin of the white blood corpuscles is still uncertain ; according to some investigators they

and the red corpuscles have common ancestors and the same ancestoi's may produce endothelium also ; this

is the so-called monophyletic view. It appears jjrobable, however, that, in some vertebrates, the white

corpuscles are derived from one set of mesoderm cells, the red corpuscles from another, and the endothelium

of the blood-vessels from a third set of mesodermal cells, each set of mesoderm cells being capable of pro-

ducing only one kind of descendant ; this is the polyphyletic view.





OSTEOLOGY.
THE SKELETON.

By Arthur Thomson, F.K.C.S.

Professor of Anatomy, University of Oxford.

The term skeleton (from the Greek, o-KeAeros, dried) is applied to the parts which
reiuaiu after the softer tissues of tlie body have been disintegrated or removed,
and iuchides not only the bones, but also the cartilages and ligaments which bind
them together. In the restricted sense of the word the skeleton denotes the

osseous framework of the body. It is in this sense that it is generally employed in

human anatomy.

The skeleton serves to support the softer structures which are grouped around
it, and also affords protection to many of the delicate organs which are lodged

within its cavities. By the articulation of its several parts, its segments are con-

verted into levers which constitute the passive portion of the locomotory system.

Kecent research has also proved that certain cells found in bone -marrow are

intimately associated with the development and production of some of the

corpuscles of the blood.

Bone may be regarded as white fibrous tissue which, having become calcified

has undergone subsequent changes, so as to be converted into true osseous tissue.

Most probably all bone is of membranous origin, but it may pass through a stage

in which cartilage plays an important part in its development. In many instances

the cartilage persists, and is not converted into bone, as in the case of the articular

cartilage which clothes the joint surfaces, the nasal septum, the cartilages of the

nose, and the cartilages of the ribs. A persistence of the membranous condition

is met with in man in the case of the tentorium cerebelli, which in some groups

of animals (Carnivora) is converted into a bony partition.

Skeletal structures may be derived from each of the three layers of the

trilaminar blastoderm. The exo-skeleton includes structures of ectodermal, and
some of mesodermal origin, in the shape of hair, nails, feathers, teeth, scales, armour-

plates, etc., whilst the endo-skeleton, with which we are more particularly concerned,

is largely derived from the mesodermal tissue, but also includes the notochord, an

entodermal structure which forms the primitive endo-skeleton, around which the

axial skeleton is subsequently developed in the Vertebrata. The endo-skeleton is

divisible into an axial portion, appertaining to the trunk and head, and an appen-

dicular part, associated witli the limbs. It also includes the splanchnic skeleton,

which comprises certain bones developed in the substance of some of the viscera,

such as the os cordis and os penis of certain mammals. In man, perhaps, the

cartilaginous framework of the trachea and bronchi may be referred to this

system.

The number of the bones of the skeleton of man varies according to age.

Owing to a process of fusion taking place during growth, the number in the adult

.is less than the number in the child. The following table does not include the

sesamoid bones, which are frequently developed in tendons, the most constant

ossicles of this description being those in relation to the metacarpo-phalangeal

joint of the thumb, and the metatarso-phalangeal joint of the great toe.

81 6
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life

The table represents the number of bones distinct and separable during adult

Axial skeleton

Appendicular skeleton

The ossicles of the ear

'The vertebral column
The skull .

The sternum
The ribs .

The hyoid bone

(The upper limbs

(The lower limbs

Single Bones.

26

6

1

34

Pairs.

12

32

31

3

86

Total.

26

22

1

24
1

64
62

6

206

Bones are often classified according to their shape. Thus, long bones, that is to

say, bones of elongated cylindrical form, are more or less characteristic of the limbs.

Broad or flat bones are plate-like, and serve as protective coverings to the structures

they overlie ; the bones of the cranial vault display this particular form. Other

bones, such as the carpus and tarsus, are termed short bones ; whilst the bones of the

cranial base, the face, and the vertebrae, are frequently referred to as irregular bones.

Various descriptive terms are applied to the prominences commonly met with

on a bone, such as tuberosity, eminence, protuberance, process, tubercle, spine,

ridge, crest, and line. These may be articular in their nature, or may serve as

points or lines of muscular and ligamentous attachment. The surface of the bone

may be excavated into pits, depressions, fovece, fossae, cavities, furrows, grooves, and
notches. These may be articular or non-articular, the latter serving for the recep-

tion of organs, tendons, ligaments, vessels, and nerves. In some instances the

substance of the bone is hollowed out to form an air space, sinus, or antrum.

Bones are traversed hjforamina and canals ; these may be for the entrance and exit

of nutrient vessels, or for the transmission of vessels and nerves from one region to

another. A cleft, hiatus, or fissure serves the same purpose ; channels of this kind

are usually placed in the line of a suture, or correspond to the line of fusion of the

primitive portions of the bone which they pierce.

Composition of Bone.—Bone is composed of a combination of organic and
inorganic substances in about the proportion of one to two.

Organic matter (Fat, etc., Collagen) . . .
31 '04

Mineral matter

—

Calcic phosphate.... 58*23'^

Calcic carbonate

Calcic fluoride

Magnesic phosphate

Sodic chloride

7-32

1-41

1-32

•69

68-97

100-00

The animal matter may be removed by boiling or charring. According to the

completeness with which the fibrous elements have been withdrawn, so the brittle-

ness of the bone increases. "When subjected to high temperatures the earthy

matter alone remains. By soaking a bone in acid the salts may be dissolved out,

leaving only the organic part. The shape of the bone is still retained, but the

organic suljstance which is left is soft, and it can be bent about in any direction.

The toughness and elasticity of bone depends therefore on its organic constituents,

whilst its hardness is due to its mineral matter.

Bone may be examined either in the fresh or dry condition. In the former

state it retains all its organic parts, which include the fibrous tissue in and around
it, the blood-vessels and their contents, together with the cellular elements found
within the substance of the bone itself, and the marrow which occupies the lacunar

spaces and marrow cavity. In the dried or macerated bone most of these have
disappeared, though a considerable portion of the organic matter still remains,

even in bones of great antiquity and in a more or less fossil condition. Con-
sidering its nature and the amount of material employed, bone possesses a remark-

able strength, equal to nearly twice that of oak, whilst it is capable of resisting a
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greater crushing strain ; it is stated that a cubic inch of bone will support a weight

of over two tons. Its elasticity is remarkable, and is of the greatest service in

enabling it to withstand the shocks to which it is so frequently subjected. In

regions vvliere wood is scarce the natives use the ribs of large mammals as a sub-

stitute in tlie construction of their bows. Its hardness and density vary in different

parts of the skeleton, and its permanency and durability exceed that of any other

tissue of the body, except the enamel and dentine of the teeth. The osseous remains

of a race over eighty centuries old have been excavated in Egypt.

Structure of Bone (Macroscopic).—To obtain an idea of the structure of a

bone it is necessary to examine it both in the fresh or recent condition and in the

macerateil state. In the former the bone is covered by a memltnine wliich is with

dilHculty torn olf, owing to the abundance of tine fibrils which enter the sul)8tance

of the bone from. its deep surface. This membrane, called the periosteum, overlies

the bone, except where the bone is coated with cartilage. This cartilage may form

a bond of union between contiguous bones or, in the case of bones united to each

other by movable joints, may be moulded into smooth articular surfaces called the

articular cartilages. The attachment of the various ligaments and muscles can also

be studied, and it will be noticed that where tendon or ligament is attached, the

bone is often roughened to form a ridge or eminence ; where fleshy muscular fibres

are attached, the bone is, as a rule, smooth. In the macerated condition, when
the cartilage and fibrous elements have been destroyed, it is possible, however,

to determine with considerable accuracy the parts of the bone covered with

articular cartilage, since the bone here is smooth and conforms generally to the

curves of the articular areas of the joint ; these areas are referred to as the

articular surfaces of the bone. The bone, stripped of its periosteal covering,

displays a dense surface finely pitted for the entrance of the processes derived from

the periosteum, which thus establish a connexion between the bony substance and
that vascular layer ; here and there, more particularly in the neighbourhood of the

articular extremities, these pits increase in size and number and allow of the trans-

mission of small blood-vessels. If careful examination is made, one or two foramina

of larger size will usually be noticed. These vascular foramina or canals allow the

passage of arteries of considerable size into the interior of the bone, and are called

the canales nutricii or nutrient canals or foramina of the bone. There are also

corresponding channels for the escape of veins from the interior.

In order more fully to ascertain the structure of bone it will be necessary to

study it in section. Taking first a long bone, such as one meets with in the

limbs, one notices on longitudinal section, that the bone is not of the same
density throughout, for, whilst the external layers are soUd and compact, the

interior is made up of loose spongy bone called suhstantia S2wngiosa (cancellous

tissue). Further, it will be observed that in certain situations this spongy substance

is absent, so that there is a hollow in the interior of the bone called the medullary

cavity. In the recent condition this cavity is filled with the marrow and is hence

often called the marrow cavity. This marrow, which fills not only the marrow cavity

but also the interstices between the fibres of the spongy substance, consists largely of

fat cells, together with some marrow cells proper, supported bya kind of retiform tissue.

The appearance and constituents of the marrow differ in dilVerent situations. In the

medullary cavity of long bones the marrow, as above described, is known as medulla

ossium flava (yellow marrow). In other situations, viz., in the diploe of the cranial

bones (to be hereafter descrilied), in the spongy tissue of such bones as the vertebrae,

the sternum, and the ribs, the marrow is more fluid, less fatty, and is characterised

by the presence of marrow-cells proper, which resemble in some respects colourless

blood corpuscles. In addition to these, however, there are small reddish-coloured

cells, akin to the nucleated red corpuscles of the blood of the embryo. These cells

(erythroblasts) are concerned in the formation of the coloured corpuscles of the

blood. Marrow which displays these characteristic appearances is distinguished

from the yellow variety, already described, by being called the medulla ossinm rubra

(red marrow). The marrow met with in the spongy tissue of the cranial bones of

aged individuals often undergoes degenerative changes and is sometimes referred to

as gelatinous marrow.
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A better idea of the disposition of the bony framework of a long bone can be
obtained bj the examination of a section of a macerated specimen. In such a

specimen the marrow has been destroyed and the osseous architecture of the bone
is consequently better displayed.

Within the body of the bone is seen the marrow cavity extending towards, but not
reaching, eitlier extremity of the bone. This cavity is surrounded on all sides by
a loose spicular network of bone, which gradually increases in compactness until it

reaches the circumference of the shaft, where it forms a dense surrounding wall. In
the shaft of a long bone the thickness of this outer layer is not the same throughout,

but tends to diminish as we approach the extremities, nor is it of uniform thickness

on all sides of the bone. All the long bones display curves in varying degree, and
it is a uniform rule that the thicker dense bone is found along the concave surface

of the curve, thus assisting in materially strengthening the bone. Towards the

extremities of the long bone the structure and arrangement of the bone undergoes
a change. There is no marrow cavity, the spongy tissue is not so open and
irregular, and the external wall is much thinner than in the shaft ; indeed in many
instances it is little thicker than stout paper. A closer examination of the arrange-

ment of this spongy tissue throughout the bone suggests a regularity in its

arrangement which might escape notice ; and if, in place of one bone only being
examined, sections of other bones are also inspected, it will be observed that the
spicules of this tissue are so arranged as best to withstand the strains and stresses

to which the bone is habitually subjected.

From what has been said it will be obvious that the arrangements above
described are those best adapted to secure the maximum of strength with the

minimum of material, and a consequent reduction in the weight of the skeleton.

The same description applies, with some modification, to bones of flattened form.

Taking as an example the expanded plate-like bones of the cranial vault, their

structure, as displayed on section, exhibits the following appearance : The outer

and inner surfaces are formed by two compact and dense layers, having sandwiched
between them a layer of spongy tissue called the diploe, containing red marrow.
Note that there is no medullary cavity, though in certain situations and at certain

periods of life the substance of the diploe may become absorbed and converted, by
the evagination of the mucous membrane of the respiratory tract, into air-spaces

or air-sinuses.

Structure of Bone (Microscopic).—True bone differs from calcified cartilage or

membrane in that it not merely consists of the deposition of earthy salts within its

matrix, but displays a definite arrangement of its organic and inorganic parts.

Compact bone merely differs from loose or spongy bone in the denseness of its

tissue, the characteristic feature of which is the arrangement of the osseous

lamellae to form what are called Haversian systems. These consist of a central or

Haversian canal, which contains the vessels of the bone. Around this the osseous

lamellae are arranged concentrically, separated here and there by interspaces called

lacunae, in which the bone corpuscles are lodged. Passing from these lacunae are

many fine channels called canaliculi. These are disposed radially to the Haversian
canal, and pass through the osseous lamellas. They are occupied by the slender

processes of the bone corpuscles. Each Haversian system consists of from three to

ten concentric rings of osseous lamellae.

In addition to the lamellae of the Haversian systems there are others which are

termed the interstitial lamellae ; these occupy the intervals between adjoining

Haversian systems, and consist of Haversian systems which have undergone a process

of partial absorption. Towards the surface of the bone, and subjacent to the peri-

osteal membrane which surrounds the shaft, there are lamellae arranged circum-

ferentially ; tliese are sometimes referred to as the outer fundamental lamellae.

The periosteal membrane wliich surrounds the bone, and which plays so important
a part in its development, sends in processes through the various Haversian systems,

which carry with them vessels and cells, thus forming an organic meshwork
around wliich the earthy salts are deposited.

Ossification of Bone.— For an account of the earlier development of the

skeleton the reader should consult a manual of embryology. Concerning the
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subsequent changes which take place, these are dependent on the conversion of the

scleratogenous tissue into membrane and cartilage. A characteristic of this tissue

is tliat it contains elements whicli become formed into bone-produchig cells, called

osteoblasts. These are met with in the connective tissue from wliich the membrane
bones are formed, whilst they also appear in the deeper layers of the investing

tissue of the cartilage (perichondrium), and so lead to its conversion into the bone-

producing layer or periosteum. All true bone, therefore, may probably be regarded

as of membranous origin, though its appearance is preceded in some instances by

the deposition of cartilage ; in this case calcification of the cartilage is an essential

stage in the process of bone formation, but the ultimate conversion into true bone,

with characteristic Haversian systems, leads to the absorption and disappearance of

this primitive calcified cartilage. In considering the development of bone an

inspection of the skeleton of a foetus will enable the student to realise that much
of what is ijone in the adult is preformed in cartilage, whilst a part of the fully

developetl skeleton is represented only by membrane : hence, in regard to this

ossiticatiou, bones have been described as of cartilaginous and membranous origin.

If the development of a long bone is traced through successive stages from the

cartilaginous condition in which it is preformed, it will be noticed that ossification

begins in the body ; the part of the bone ossified from this centre is referred to as

the diaphysis, and, since it is the first to appear, the centre is spoken of as the primary

centre of ossification. As yet, the ends of the body are cartilaginous knobs, but

at a later stage one or more ossific centres appear in these cartilaginous extremities.

These centres, which are independent of the diaphysis and appear much later, at vari-

able periods, are termed secondary centres, and from them the epiphyses are formed.

If there is more than one such centre at the end of a bone, the associated centres

unite, and at a later stage the osseous mass so formed joins with the body or

diaphysis, and in this way the formation of the bone is completed. Complete

fusion by osseous union of the epiphyses with the diaphyses occurs at variable

periods in the life of the individual. Prior to this taking place, the two are bonded

together by a cartilaginous layer which marks the position of the epiphyseal line.

If the bone is macerated at this stage of growth, the epiphysis falls away from the

diaphysis. In the case of the articular ends of bone it will be noticed that the

surfaces exposed by the separation of the epiphysis from the diaphysis are not

plane and smooth, but often irregular, notched, and deeply pitted, so that when the

two are brought together they interlock, and, as it were, dovetail into each .other.

In this way the extremities of the bone as yet ununited by osseous growth are,

during youth and adolescence, able to withstand the shocks and jars to which during

life they are habitually subjected. A long bone has been taken as the simplest

example, but it by no means follows that these epiphyses are confined to the

articular extremities of long bones. They are met with not only in relation to the

articular surfaces of bones of varied form, but also occur where bones may be

subjected to unusual pressure or to the strain of particular muscles. For this

reason epiphyses of this nature have been called pressure and traction epiphyses

(Parsons). There occur, however, secondary independent centres of ossification,

which cannot be so accounted for. Possibly these are of phylogenetic interest

only, and may accordingly be classed as Atavistic.

Ossification in Membrane.—Membrane bones are such as have developed

from fibrous tissue without having passed through a cartilaginous stage. Of this

nature are the bones of the cranial vault and the majority of the bones of the

face, viz., the maxillte, zygomatic (malar), nasal, lacrimal, and palate bones, as well as

the vomer. The medial lamina of the pterygoid process (internal pterygoid plate)

is also of membranous origin. In the course of the development of a bone from

membrane, as, for example, the parietal bone, the fibrous tissue corresponding to

the position of the primary centre becomes osteogenetic, because here appear the

bone-forming cells (osteoblasts), which rapidly surround themselves with a bony

deposit more or less spicular in arrangement. As growth goes on these osteoblasts

become embedded in the ossifying matrix, and remain as the corpuscles of the

future bone, the spaces in which they are lodged corresponding to the lacunie and

canaliculi of the fully developed osseous tissue. From the primary centre ossifica-
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tion spreads eccentrically towards the margins of the bone, where ultimately the
sutures are formed. Here the growth rendered necessary by the expansion of the
cranium takes place through the agency of an intervening layer of vascular
connective tissue rich in osteoblasts ; but in course of time the activity of this is

reduced until only a thin layer of intermediate tissue persists along the line of the
suture ; this may eventually become absorbed, leading to the obliteration of the suture
by the osseous union of the contiguous bones. Whilst the expansion of the bone in all

directions is thus provided for, its increase in thickness is determined by the activity

of the underlying and overlying strata. These form the periosteum, and furnish

the lamellne which constitute the inner and outer compact osseous layers.

Ossification in Cartilage.—Cartilage bones are those which are preformed in

cartilage, and include most of the bones of the skeleton. Their growth is often

described as endochondral and ectochondral, the former term implying the
deposition of membrane bone in the centre of the cartilage, while the latter

signifies a deposit of membrane bone on the surface of the cartilage, the osteo-

genetic layer on the surface of the cartilage being named the perichondrium till

once bone has been formed, when it is called the periosteum.

In a cartilage bone changes of a similar nature occur. The cartilage, which may
be regarded histologically as white fibrous tissue + chondro-sulphuric acid and a
certain amount of lime salts, undergoes the following changes :

—

First, the cartilage

cells being arranged in rows, become enlarged ; secondly, the matrix between the
cartilage cells becomes calcified by the deposition of an additional amount of lime
salts ; thirdly, the rows of cells become confluent ; and, fourthly, into the spaces so

formed extend the blood-vessels derived from the vascular layer of the periosteum.

Accompanying these vessels are osteoblasts and osteoclasts, the former building up
true bone at the expense of the calcified cartilage, the latter causing an absorption of

the newly formed bone, and leading to its conversion into a marrow cavity, so that

in due course all the cartilage or its products disappear. At the same time that this

is taking place within the cartilage, the perichondrium is undergoing conversion into

the periosteum, an investing membrane, the deeper stratum of which, highly vascular,

furnishes a layer of osteoblast cells which serve to develop the circumferential

lamellae of the bone. It is by the accrescence of these layers externally, and their

absorption internally through the action of the osteoclast cells, that growth takes

place transversely. A transverse section of the shaft of a long bone shows this

very clearly. Centrally there is the marrow cavity, formed primarily by the

absorption of the calcified cartilage; around this the spongy tissue produced
by the partial erosion of the primary periosteal bone is disposed, whilst externally

there is the dense envelope made up of the more recent periosteal growth.

Growth of Bone.—The above description, whilst explaining the growth of bone
circumferentially, fails to account for its growth in length ; hence the necessity in

long bones for some arrangement whereby ossification may take place at one or both
extremities of the body. This zone of growth is situated where the ossified body
becomes continuous with the cartilaginous epiphysis. In addition, within these

epiphysial cartilages calcification of the cartilage takes place centrally, just as in the

diaphysis. The two parts of the bone, viz., the diaphysis and epiphysis, are thus

separated by a layer of cartilage, sometimes called the cartilage of conjuga-

tion, as yet uncalcified, but extremely active in growth owing to the invasion

of vessels and cells from a vascular zone which surrounds the epiphysis. The
nucleus of the epiphysis becomes converted into true bone, which grows
eccentrically. This arrangement provides for the growth of the shaft towards
the epiphysis, and the growth of the epiphysis towards the shaft ; so that as

long as the active intervening layer of cartilage persists, extension of growth in

a longitudinal direction is possible. As might be expected, experience proves that

growth takes place more actively, and is continued for a longer time, at the end
of the bone where tlie epiphysis is the last to unite. In consequence, surgeons

sometimes term this the " growing end of the bone." Subsequently, however, at

variable periods the intervening layer of cartilage becomes calcified, and true bony
growth occurs within it, thus leading to complete osseous union between the shaft

and epiphysis. When this has taken place all further growth in a longitudinal
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direction ceases. lu cases where the epiphysis enters into the formation of a joint,

the cartilage over the articular area persists and undergoes neither calcification nor
ossitication.

Vascular, Lymph, and Nervous Supply of Bone.—From what has been

said it will 1)6 gatherod that the vascular Hiipply of the bone is derived from the

vessels of the periosteum. These consist of Hue arteries which enter the surface of

the diaphysis aud epiphysis ; but in addition there is a larger trunk which enters the

diaphysis aud reaches the medullary cavity. This is called the nutrient artery of

the bone. The direction taken by this vessel varies in different bones. In the

upper limb the artery runs distally in the case of the humerus and proxinuilly

in the radius and ulna ; in the lower limb the nutrient vessel of the femur is

directed towards the proximal extremity of the shaft, whilst in the tibia and fibula

it follows a distal course. The direction of the nutrient artery in the bone is

a mechanical restilt of the uuequal growth of the two extremities of the bone.

During the greater part of intra-uteriue life the principal nutrient arteries of the

long bones are directed towards the distal extremity of the limb. In the process

of development the point of entrance of the artery is turned away from the

epiphysis which furnishes the greatest amount of bone, and thus, together with

tlie nutrient canal, acquires an obliquity directed towards the extremity of the

bone which develops last (Piollet, J. de I'Anat. et de la Phys., 1905, p. 57).

It may assist the memory to point out that when all the joints are flexed, as

in the position occupied by the fcetus in utero, the direction taken by the vessels

is the same, and corresponds to a line passing from the head towards the tail-end

of the embryo. Consequently, in the upper limb the vessels run towards the

elbow, whilst in the lower limb they pass from the knee.

The veins which permeate the spongy texture of the bone are large and thin-

walled. They do not accompany the arteries, and, as a rule, in long bones they

escape through large openings near the articular surfaces. In flat bones they occupy

channels witliin the diploe, and drain into an adjacent sinus, or form communica-
tions with the superficial veins of the scalp.

The lymph vessels are mainly periosteal, but enter the bone along with the

blood-vessels and become perivascular.

The nerves which accompany the arteries are probably destined for the supply of

the coats of these vessels. Whether they end in the bony tissue or not is unknown.
The attention of anatomists has long been directed to the elucidation of the laws

which regulate bone-growth. Our present knowledge of the subject may be briefly

summarised in the following generalisations :

—

1. In bones with a shaft and two epiphyses, the epiphysis towards which the

nutrient artery is directed is the first to unite with the shaft.

2. In bones with a shaft and two epiphyses, as a rule the epiphysis which com-

mences to ossify latest unites soonest with the shaft. (The fibula is a notable

exception to this rule.)

3. In bones with a shaft and one epiphysis the nutrient artery is directed

towards the end of the bone which has no epiphysis. (This arrangement holds

good in the case of the clavicle, the metacarpus, metatarsus, and phalanges.)

4. When an epiphysis is ossified from more than one centre, coalescence takes

place between the separate ossific nuclei before the epiphysis unites with the shaft.

Highly suggestive, too, are the following propositions—That ossification first

commences in the epiphysis which ultimately acquires the largest relative propor-

tion to the rest of the bone, and that the ossification of the epiphysis is also

correlated with its functional importance. In cases of long bones with only one

epiphysis, the epiphysis is placed at the end of the bone where there is most

movement.
.

COLUIVINA VERTEBRALIS.

The vertebral column of man consists of thirty-three superposed segments

or vertebrae. In the adult, certain of these vertebrie have become fused together

in the process of growth to form bones, the segmental arrangement of which
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is somewhat obscured, though even in their fully developed condition

sufficient evidence remains to demonstrate their compound nature. The
vertebne so blended are termed the fixed or false vertebrse, whilst those between
which osseous union has not taken place are described as the movable or true

vertebrae. This fusion of the vertebral segments is met with at each extremity

of the vertebral column, more particularly the lower, where the column is modified

to adapt it for union with the girdle of the lower limb, and where also man's
degenerated caudal appendage is situated. But a partial union of the vertebral

segments also takes place at the upper end of the column, between the highest

two vertebra?, in association with the mechanism necessary to provide for the

movements of the head on the column.

For descriptive purposes the vertebral column is subdivided according to the

regions through which it passes. Thus the vertebrte are described as cervical

(vertebrae cervicales), thoracic (vertebrae thoracales), lumbar (vertebrae lumbales),

sacral (vertebrae sacrales), and coccygeal (vertebrae caudales), according as they
lie in the regions of the neck, thorax, loins, pelvis, and tail. The number of

vertebrae met with in each region is fairly constant, though, as will be hereafter

pointed out, variations may occur in the number of the members of the different

series. The vertebrae in man are thus apportioned—7 cervical, 12 thoracic, 5 lumbar,

5 sacral, and 4 or 5 coccygeal ; the former three groups comprise the true or mov-
able vertebrae, the latter two the false or fixed vertebrae. The vertebral formula

may be thus expressed :

—

Movable or True Vertebrae. Fixed or False Vertebrae.

Cervical. Thoracic. Lumbar. Sacral. Coccygeal.

7 12 5 5 4 =33.

The vertebrae, though displaying great diversity of characters in the regions above
enumerated, yet preserve certain features in common. All possess a solid part,

corpus vertebrae or body (centrum) ; all have articular processes by which they
articulate with their fellows ; most have muscular processes developed in connexion
with them ; whilst the majority display a vertebral foramen formed by the union
of a bony arcus vertebrae (vertebral arch) with the body. These common characters

may best be studied by selecting for description an intermediate member of

the series. For this purpose one of the middle or lower thoracic vertebrae

may be chosen.

A typical vertebra may be described as consisting of a body composed of

a mass of spongy bone, more or less cylindrical in form. The size and shape of

the body is liable to considerable variation according to the vertebra examined.
The superior and inferior surfaces of the body are very slightly concave dorso-

ventrally and from side to side, due to the thickening of the bone around its

margins. In the recent condition these surfaces afford attachment for the inter-

vertebral fibro-cartilages, which are placed like pads between the bodies of the

movable members of the series. The circumference of the body, formed as it is

of more compact bone than the interior, is usually slightly concave from above
downwards, though the dorsal surface becomes flat, where the body forms the

anterior boundary of the vertebral foramen, at which point it is usually slightly

concave from side to side. The vertical surfaces of the body are pierced here and
there by foramina for the passage of nutrient vessels, more particularly on the

dorsal surface, where a depression of considerable size receives the openings

of the canals through which some of the veins which drain the body of the bone
escape. Connected with the body posteriorly there is a bony vertebral arch,

which, by its union with the body, encloses a foramen of variable size, called the

vertebral foramen. When the vertebrae are placed on the top of each other these,

foramina form, with the uniting ligaments, a continuous canal—vertebral canal

—

in which the spinal medulla, with its coverings, is lodged. The vertebral arch,

which is formed by the union of the roots of the vertebral arches (pedicles) and
laminae, besides enclosing the vertebral foramen, also supports the spinous and trans-

verse processes, which may be regarded as a series of levers to which muscles are
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Fovea cosUilis
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Spinous process

attached, whilst others are articular aud assist iu uniting the different vertebraj
together by means of a series of- movable joints. The roots of the vertebral
arches (O.T. pedicles) are the bars of bone which pass from the dorsum of ihe
body of the vertebra.', one on each side,

to tlie points where the articular pro-
ariiculL';'p'."o^.e8. k.x>i of t... v.rt..b,«i ..rci.

cesses are united to the arcli. Each
root is compressed from side to siile,

and luxs rounded superior and in-

ferior borders. Since the vertical

breadth of the roots is not as great

as the heiglit of the body to which
they are attached, it follows that

when the vertebrie are placed one
above the other a series of intervals

is left between the roots of the

vertebral arches of the difl'ereut

vertebrie. These spaces, enclosed

anteriorly by the bodies of tiie verte-

bra3 and their intervertebral libro-

cartilages and posteriorly by the

coaptation of the articular processes,

form a series of holes communicat-
ing with the vertebral canal ; they

are called the intervertebral foramina,

and allow the transmission of spinal

nerves and vessels. As each inter-

vertebral foramen is bounded above

and below by one of the roots of

the vertebral arch, the grooved

surfaces in correspondence with the

upper aud lower borders of the roots

are called the incisurae vertebrales

superior et inferior (upper and lower

intervertebral notches). Posteriorly,

the two roots of each vertebral arch

are united by two somewhat flattened

plates of bone—the laminae—which
converge towards the median plane,

and become fused with the root of

the projecting spinous process. The
vertical lengths or heights of the

laminae and their sloping arrangement are such, that, when the vertebrae are

articulated together, they leave little space between them, thus enclosing fairly

completely the vertebral canal, of which they form the posterior wall. The edges

and inner surfaces of the laminae are rough for the attachment of the ligaments

which bind them together.

The muscular processes are three in number, viz., two processus transversi

—

one on either side—and one central or median, the processus spinosus. The

transverse processes project laterally on either side from the arch at the point

where the root of the vertebral arch joins the lamina. The spinous process extends

backwards in the median plane from the point of fusion of the lamime. The

spinous processes display much variety of length and form.

The articular processes (zygapophyses), four in number, are arranged iu pairs

—

one superior, the other inferior ; the former are placed on the upper part of the arch

where the roots of the arch (pedicles) and lamime join, the latter on the lower part

of the arch in correspondence with the superior. Whilst differing mucii in the

direction of their articular surfaces, the upper have generally a backward tendency,

whilst the lower incline forwards.

Fovea cos
talis trans-

verealis

Superior articular
process

Uoiit of the
vertebral arch
Fovea costalis

inferior

Fig. 106.

—

Fifth Thoracic Vektebka, (A) as viewed

from the riglit side, (B) as viewed from above.
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THE TRUE OR MOVABLE VERTEBRAE.

Vertebrae Cervicales.

The cervical vertebrae, seven in number, can be readily distinguished from
all the other vertebrae by the fact that their transverse processes are pierced by
a foramen. The highest two, and the lowest, require special description ; the

remaining four conform to a common type.

Their bodies, the smallest of all the true vertebrae, are oblong in shape, the

transverse width being much longer than the antero- posterior diameter. The
superior surface, which slopes from behind forwards and downwards, is concave

from side to side, owing to the marked projection of its lateral margins. Its

anterior lip is rounded off, whilst its posterior edge is sharply defined. The inferior

surface, which is more or less saddle-shaped, is directed downwards and backwards.

It is convex from side to side, and concave from before backwards, with a slight

rounding off of the projecting anterior lip. The vertical diameter of the body is

small in proportion to its width. The anterior surface is flat in the middle line,

but furrowed laterally. The posterior surface, which is rough and pierced by many
small foramina, is flat from side to side and above downwards ; it forms part of

Bifid spine

Superior articular process Superior notch

Foramen transversarium

Inferior notch

Inferior articular process

. ^ /#i
Foramen transversarium

I

iSpinous process

Anterior tubercle A g
Fig. 107.

—

Focbth Cervical Vertebra, (A) from above, and (B) from the right side.

the anterior wall of the vertebral foramen. The lateral aspect of each body, par-

ticularly in its upper part, is fused with a root of the arch and with the costal

part of a transverse process, and forms the medial wall of a foramen transversarium.

The roots of the vertebral arcbes, which spring from the posterior half of the
lateral aspects of the body, about equidistant from their superior and inferior

margins, are directed horizontally backwards and laterally. The superior and
inferior notches are nearly equal in depth. The laminae are long, and about as

high as the bodies of the bone. The vertebral canal is larger than in the thoracic

and lumbar regions ; its shape is triangular, or more nearly semilunar.

The transverse processes, so called, are pierced by the foramen transversarium

(vertebrarterial or transverse foramen). They consist of two parts—the part behind
the foramen, which springs from the vertebral arch and is the true transverse

process, and the part in front, which is homologous with a rib in the thoracic

portion of the column. These two processes are united laterally by a bridge of bone,

which thus converts the interval between them into a foramen, and they terminate,

beyond the bridge, in two tubercles, known as the anterior and posterior tubercles.

The general direction of the transverse processes is laterally, slightly forwards,

and a little downwards, the anterior tubercles lying medial to the posterior. The
two tubercles are seY)arated above by a groove directed laterally, downwards, and
forwards ; along this the spinal nerve trunk passes. The foramen transversarium

is often subdivided by a spicule of bone. In the recent condition and in the cases

of the upper six vertebrae it is traversed by the vertebral artery and vein.

The spinous processes, which are directed backwards, are short, compressed
vertically, and Ijifid. The articular processes are supported on cylindrical masses of
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bone fused with the arch where the roots of the vertebral arches and tlie lamiuaj
join. These cylinders are sliced away obliquely above and Ijelow, so that the superior
articular facets; more or less circular in form, are directed upwards and backwards,
whilst the corresponding inferior surfaces are turned downwards and forwards.

The Atlas or First Cervical Vertebra.—This bone may l)e readily recognised
by the aljsenci^ of the Inxly and spinous process. It consists of two lateral masses,

wliich support the articular and transverse processes. The lateral masses are them-
selves united by two curved bars of bone, the anterior and posterior arches, of whicli

the former is the stouter and shorter. Each lateral mass is irregularly six-sided,

and so placed that it lies closer to its fellow of the opposite side in front than
behind. Its upper surface is excavated to form an elongated oval facet called the
superior articular fovea, wliich is concave from ])efore backwards, and inclined
obliquely medially

;
not infrequently this articular surface displays indications of

division into two parts. The superior articular fovete are for the reception of the
condyles of the occipital bone.

The inferior articular foveae or facets are placed on the inferior surfaces of

the lateral masses. Of circular form, they display a slight side-to-side con-
cavity, though Hat in the

antero- posterior direction.

Their disposition is such
that their surfaces incline

downwards and slightly

medially. They rest on the

superior articular processes

of the second cervical

vertebra or epistropheus.

Springing from the an-

terior and medial aspects

of the lateral masses, and
uniting them in front, is a

curved bar of bone, the

arcus anterior (anterior arch);

compressed on each side,

and thickened centrally

so as to form on its an-

terior aspect the rounded
tuberculum anterius (an-

terior tubercle). In corre-

spondence with this, on the posterior surface of this arch is a circular

(fovea dentis) for articulation with the dens of the epistropheus.

The medial surface of the lateral mass is rough and irregular, displaying a

tubercle for the attachment of the transverse ligament of the atlas, which passes

across the space included between the two lateral masses and the anterior arch,

thus holding the dens of the epistropheus in position. Behind each tubercle there

is usually a deep pit, opening into the bottom of which are the canals for the

nutrient vessels.

Laterally to the lateral mass, and principally from its upper half, the transverse

process arises by two roots which include between them the foramen trans-

versarium. The transverse process is long, obliquely compressed, and down-turned
;

the anterior and posterior tubercles have fused to form one mass.

The posterior arch arises in part from the posterior surface of the lateral mass,

and in part from the posterior root of the transverse process. Compressed from
above downwards anteriorly, where it bounds a groove which curves around the

posterior aspect of the superior articular process, which groove is also continuous
laterally with the foramen transversarium, the posterior arch becomes thicker

medially, at which point it displays posteriorly a rough irregular projection—the

tuberculum posterius (posterior tubercle), the feeble representative of the spinous

process. A prominent little tubercle, arising from the posterior extremity of the

superior articular process, overhangs the groove above mentioned, and not in-

FiG. 108.-

1. Posterior arch.

2. Transverse process.

3. Tubercle for transverse
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4. Anterior arch.
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frequently becomes developed so as to form a bridge of bone across it, converting

the groove into a canal through which the vertebral artery and the posterior ramus
of the suboccipital nerve pass—a condition normally met with in many animals.

It is noteworthy that the grooves traversed by the highest two spinal nerves lie

behind the articular processes, in place of in front, as in other parts of the column.

The ring furmed by the lateral masses and the anterior and posterior arches is

of irregular outline. The anterior part, cut off from the rest by the transverse

ligament, serves for the lodgment of the dens of the epistropheus ; the larger

part behind corresponds to the upper part of the vertebral canal.

Epistropheus or Second Cervical Vertebra.—This is characterised by the

presence of the tooth-like dens (O.T. odontoid process) which projects upwards from
the superior surface of the body. Slightly constricted where it joins the body, the

dens tapers to a blunt point superiorly, on the sides of which there are surfaces for

the attachment of the alar ligaments. When the atlas and epistropheus are articulated

this process lies behind the anterior arch of the atlas, and displays on its anterior

surface an oval or circular facet which rests on that on the posterior surface of the

anterior arch of the atlas. On the posterior aspect of the neck of the dens there

is a shallow groove in which lies the transverse ligament of the atlas, which
holds the dens in position.

Dens Groove for transverse ligament of the atlas

^ / Superior articular

surface

Articular
surface for

anterior arch
of atlas

Dens

Foramen for

vertebral
artery
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The seventh cervical vertebra;(vertebra prominens) receives the latter name
from the outstaiuling nature of its spinous process, which ends in a single broad tubercle.

This forms a well-marked surface projection at 'the back of the root of the neck.

The transverse processes are broad, being flattened from above downwards ; they
project considerably beyond those of the sixth. The maximum width between
their extremities agrees with that between the transverse processes of the atlas,

tliese two constituting the widest members of the cervical series. The anterior

tubercle is very small and is placed near the body. The foramen transversarium is

small and does not as a rule transmit the vertebral artery. Usually a small vein

passes through it. Not infrequently the costal element is separate from the true

transverse process, thus constituting a cervical rib.

Vertebrae Thoracales.

The thoracic vertebrae, twelve in number, are distinguished by having facets

on the sides of their bodies for the heads of the ribs, and in most instances also

articular surfaces on their transverse processes for the tubercles of the ribs (Fig.

124, p. 111).

The body is described as characteristically heart-shaped, though in the upper
and lower members of the series it undergoes transition to the typical forms of the

cervical and lumbar vertebrae, respectively. Its antero- posterior and transverse

measurements are nearly equal ; the latter is greatest in line with the facets for

the heads of the ribs. The bodies are slightly thicker behind than in front, thus

adapting themselves to the anterior concavity which the column displays in this

region. The bodies of the second to the ninth thoracic vertebrae inclusive, each

possess four foveae costales or costal facets, a superior and larger pair placed on the

superior margin of the body, close to the junction of the root of the vertebral arch

with the body, and an inferior and smaller pair situated on the inferior edge, close

to and in front of the inferior intervertebral grooves.

When contiguous vertebrce are articulated, the upper pair of facets of tlie lower

vertebra coincide with the lower facets of the higher vertebra, and, together with the

intervening intervertebral fibro-cartilage, form an articular cup for the reception of the

head of a rib. Of these facets on the body the upper pair are the primary articular

surfaces for the head of the rib ; the lower are only acquired secondarily. Moreover, these

facets, though apparently placed on the body, are in reality developed on the sides of the

roots of the vertebral arches behind the line of union of the roots with the body (neuro-

central synchondrosis), as will be explained hereafter.

The roots of the vertebral arches (O.T. pedicles) are short and thick, and
directed posteriorly and slightly upwards. The superior vertebral notch is faintly

marked ; the inferior is deep. The laminae are broad, flat, and sloping, having sharp

superior and inferior margins. When the vertebrae are superposed the latter

overlap the former in an imbricated manner. The vertebral foramen is smaller

than in the cervical and lumbar regions, and nearly circular in shape.

The spinous processes vary in length and direction, being shorter and more
horizontal in the upper and lower members of the series, longest and most oblique

in direction towards the middle of this part of the column. Nearly all have a down-
ward inclination, and are so arranged that they overlap one another. Triangular in

section where they spring from the vertebral arch, they become compressed from side

to side towards their extremities, which are capped l)y more or less distinct tubercles.

The transverse processes are directed backwards and laterally, and a little upwards.

They gradually decrease in size and length from above downwards. Each has a

somewhat expanded extremity, the anterior surface of which, in the case of the upper

ten vertebrae, is hollowed out in the form of a circular facet for articulation with

the tubercle of the rib which rests in the upper facet of the vertebra to which the

transverse process belongs. The superior articular processes are vertical, and have

their surfaces directed backwards, sliglitly upwards, and a little laterally; the

inferior, correspondingly forwards, downwards, and medially.

Certain of the thoracic vertebrae display characters by which they can readily
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be recognised. These are the first, tenth, eleventh, and twelfth, and sometimes
the ninth.

The first thoracic ver-

tebra resembles the seventh

cervical in the shape of its

body, and the length and
direction of its spine. There
is a circular facet on either

side of the body for the head
of the first rib, and one facet

on each side at the inferior

border of its body, to com-
plete the socket for the head
of the second rib. Its trans-

verse processes are long, and
the superior intervertebral

notch is better marked than
in other members of the

thoracic series. The superior

articular surfaces are directed

backwards and upwards, not

laterally as in the lower

members of the series.

The ninth thoracic
vertebra occasionally has

only the upper pair of facets

on its body ; at other times it

conforms to the usual type.

The tenth thoracic ver-

tebra may have only one
complete costal facet on each

side for the tenth rib, though
sometimes thearticularsocket
may be completed by the

ninth thoracic vertebra. The
facet on the transverse pro-

cess is generally small, and
sometimes absent.

The eleventh thoracic
vertebra has a complete
circular facet on the lateral

side of each root of the

vertebral arch for articula-

tion with the eleventh rib.

Its transverse processes are

Facet on transverse process for short and Stuntcd, and have
tuberosity of 1st rib. ^q faCCtS.
Facet on transverse process for

tuberosity of IXth rib.

110.

—

First, Ninth, Tenth, Elkventh, and Twelfth
Thoracic Vertebra from the Left Side.

1. Inferior articular process

laterally turned facet.

2. Single face^^w head of Xllth rib;

no facet on transverse process.

3. Single facet for heafl of Xlth rib

;

no facet on transverse process.

4. Single facet for head of Xth rib.

5. Occasional facet for head of Xth
rib.

6. Facet for head of IXth rib.

7. Facet for hea<l of Hnd rib.

8. Single facet for head of 1st rilj.

with 9.

10
The twelfth thoracic

11. Facet on transverse process for Vertebra haS a single facet
tuberosity of Xth rib, in this on each root of the vertebral
particular instance well i /> .i . i,mi -i t,
J„arked. ^^^h lor the twelfth rib. Its

S. Superior "| Tubercles

corre-
sponiliiig

to

I. Inferior

E. Latf!ral

f Mamillary.

J Accessory.

I

Transverse

of lumbar.

transverse processes, short

and stunted, have no facets,

and are broken up into

smaller tubercles, called the
lateral, superior, and inferior tubercles. These are homologous with the trans-

verse, mamillary, and accessory processes of the lumbar vertebrae. Indica-
tions of these processes may also be met with in the tenth and eleventh
thoracic vertebrae. The twelfth thoracic vertebra may usually be distinguished
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from the eleventh hy the arran^'omcnt of its inferior articular Y)rocesses, which

resemble those of the lumbar series in being turned laterally ; V)ut the eleventh

occasionally displays the same arrangement, in which case it is not always easy

to distinguish between them.

Inferior articular process

Mamillary process

/

Vertebrae Lumbales.

The lumbar vertebrae, live in number, are the largest of the movable vertebra3.

They have no costal articular facets, nor are their transverse processes pierced by

a foramen. In this way they ca,n be readily distinguished from the members of

the cervical and thoracic
Spinous process

series.

The body is kidney-

shaped in outline, and
of large size, exhibiting a

gradual transition from

the thoracic form in the

hitjher sei^ments. The
transverse diameter is

usually about a half

greater than the antero-

posterior. The anterior

vertical thickness is

slightly greater than the

posterior, being thus
adapted to the anterior

convex curve of the

column in this region.

The roots of vertebral

arches (O.T. pedicles),

directed horizontally back-

wards, are short and stout;

the superior notches are

shallow, but deeper than

in the thoracic region; the

inferior grooves are deep.

The laminae are broad and

nearly vertical,sloping but

little. They support on

their inferior margins the

inferiorarticular processes.

The vertebral foramen is

large and triangular.

The spinous processes,

spatula shaped, with a

thickened posterior mar-

gin, project backwards and
slightly downwards. The
transverse processes, more

slender than in the thor-

acic region, pass horizon-

tally laterally, with a
, i » • • r *i

slicrht backward inclination and usually with an upward tilt. Arising Iron) the

junction of the roots of the vertebral arches with the laminse in the higher

members of the series, they tend to advance so as to become fused with the lateral

side of the root and posterior aspect of tlie body in the lower two lumbar vertebrae.

In these latter vertebra the superior intervertebral grooves are carried obliquely

across the superior surfaces of the bases of the transverse processes. The transverse

processes lie in line with the lateral tubercles of the lower thoracic vertebrae, with

Bo.iy

Superior articular process

Mamillary process

Transverse jirocess

profess

Inferior articular process

Fig. 111.

—

Third Lumbar Vertebra, (A) from above,

and (B) from the left side.
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which they are serially homologous, and are to be regarded as representing the
costal elements. Placed on their bases posteriorly, and just lateral to and inferior to

the superior articular processes, are the small accessory processes, which are in series

with the inferior tubercles of the lower thoracic vertebrse. The superior articular

processes are stout, oval, curved plates of bone, fused in front with the roots and
laminae, and having their concave articular surfaces vertical and turned medially.

Laterally, and on their posterior edge, the bone rises in the form of an elongated

oval tubercle, the processus mamillaris (mamillary process) ; these are in

correspondence with the superior tubercles of the lower thoracic transverse

processes.

The inferior articular processes lie on either side of the root of the spinous

process, supported on the inferior margin of the laminse. Their articular surfaces,

oval in outline, convex from side to side, and plane from above downwards, are

turned laterally. The inferior articular processes are much closer together than the

superior ; so that when the vertebrae are articulated the superior articular processes

of the lower vertebra embrace the inferior articular processes of the higher vertebra.

The fifth lumbar vertebra is characterised by the size of its body, which is

the largest of all the vertebrae. Further, the inferior surface of the body is cut

away at the expense of its posterior part : hence the thickness of the body in

front much exceeds the vertical diameter behind. By its articulation with
the first sacral segment the inferior border of the body of this bone assists

in the formation of the sacro-vertebral angle. The transverse process is pyra-

midal in form, and stouter than those of the other lumbar vertebrae. It arises

by a broad base from the side of the back of the body, as well as from the

pedicle, and is directed laterally and a little backwards and upwards. Its upper
surface is slightly grooved by the superior intervertebral notch. A deep notch
separates it posteriorly from the superior articular processes, which are less

in-turned than in the other members of the series, their articular surfaces being
directed more backwards than inwards, and displaying less concavity. The inferior

articular processes are further apart than is the case with the other members of

the series : they lie in line with the superior. The spinous process is shorter and
narrower than the other lumbar spines, particularly so in the female. The
vertebral canal is somewhat compressed at its lateral angles.

THE FALSE OR FIXED VERTEBRAE.

Os Sacrum.

The sacrum, of roughly triangular shape, is formed normally by the fusion of

five vertebrae. The anterior surface of the bone is slightly hollow from side to side

and concave from above downwards, the curve being usually most pronounced
opposite the third sacral segment. The central part corresponds to the bodies

of the sacral vertebrae, the lines of fusion of which are indicated by a series of

four parallel ridges which cross the median part of the bone at gradually diminish-

ing intervals from above downwards ; on each side these ridges disappear on
the medial walls of the four anterior sacral foramina. The size of these holes

decreases from above downwards. The upper and lower border of each foramen
is formed by a stout bar of bone, of which there are five oh each side, corre-

sponding in number with the vertebrae present. These unite laterally so as

to form the pars lateralis (O.T. lateral mass), thus enclosing the foramina to the

lateral side, though there the edge is not abrupt, but sloped so as to pass gradually

into the canal. The large anterior rami of the sacral nerves pass through these

foramina and occupy the shallow grooves. The bone is broadest across the first

sacral vertebra, tends to narrow opposite the second, and again usually increases

in width opposite the third. When this condition is well marked, the edge has
a notched appearance (sacral notch) wliich assists in the interlocking of the sacro-
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iliac joint ; this feature is common in the Simiidic and some of the lower races

of mankind (Puterson). The surface of bone between and lateral to the first,

second, third, and fourth foramina affords attachment to the ftbres of origin of

the piriformis, wliich may in some instances extend on to the bodies of the second
and third segments (Adolphi), whilst on the edge lateral to and below the fourth

foramen the coccygeus is inserted.

The posterior surface is rough and irregular. Convex from above downwartls, it

displays in the median plane the crista sacralis media, a crest whereon are seen four

elongated tubercles—the spines of the upper four sacral vertebrte. Lateral to these

the bone forms a groove—the sacral groove—the floor of which is made up of the

confluent lamime of the corresponding vertebra.'. In line with the intervals between
the spines, and wider apart above than below, another series of tubercles is to be

Superior articular processes Transverse process of first sacral vertebra

Ala

Anterior siicral

foramen

Inferior lateral angle.

Groove for tifth sacnil nerve

C^ - . .'n'.ai- surface

Fig. 112.

—

The Sacrum (anterior view).

seen. These are due to the fusion of the articular processes of the sacral vertebr?e,

which thus form faint interrupted ridges on each side of the bone (cristae sacrales

articulares). Normally, the spine of the lowest sacral segment is absent, and the

laminse do not coalesce medially, thus leaving a gap in which the sacral canal

is exposed (Matus sacralis) ; whilst interiorly the tubercles corresponding to the

inferior articular processes of the last sacral vertebra form little down-projecting

processes—the sacral comua—by means of which the sacrum is in part united

to the coccyx. Just wide of the articular tubercles are the posterior sacral

foramina, for the transmission of the posterior rami of the sacral nerves.

These are in correspondence with the anterior foramina, so that a probe can be

passed directly through both openings; but be it noted that the posterior are

much smaller, and their margins much sharper, than is the case with the anterior.

The surface of the pars lateralis (lateral mass) lateral to the posterior sacral

foramina is rough and irregular, owing to the presence of four more or less elevated

tubercles, which constitute the lateral ridges on either side of the bone (cristae sacrales

7
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laterales), and which are serially homologous with the true transverse processes
of the lumbar vertebrie. The posterior surface of the bone furnishes an extensive
surface for the origin of the sacro- spinalis, whilst the edge of the bone lateral to

the third and fourth foramen gives attachment to the glutaeus maximus.
The base of the bone displays features more in accordance with a typical

vertebra. Centrally, and in front, is placed the body, the superior surface of which
articulates with the last lumbar vertebra through the medium of an intervertebral
fibro-cartilage. The anterior margin is thin and projecting, overhanging the
general concavity of the pelvic surface of the bone, and forming what is called the
promontory. Posterior to the body, the sacral canal, of triangular form but slightly

compressed dorso-ventrally, is seen, whilst still more posteriorly is the short spinous

Superior aperture of
sacral canal

Superior articular process

Transverse process '^
^^/i

\>;,„
Posterior sacral forampn -^^ ''''

Inferior lateral angle-

-

Sacral cornu

Inferior ajierture of sacral canal

Groove for fifth sacral nerve

Coccygeal articular surface

Fig. 113.

—

The Sacrum (posterior view).

process, forming the highest tubercle of the median crest. Spreading out from
the sides, and partly from the back of the body on each side, is a fan-shaped mass
of bone, the upper surface of which is slightly concave from side to side, and convex
from above and behind downwards and forwards. This, the ala sacralis, corresponds

to the thick upper border of the lateral part, and is formed, as will be explained

hereafter, by elements which correspond to the roots of the vertebral arches (O.T.

pedicles) and the transverse processes of the sacral vertebrae, together with superadded
structures—the sacral ribs. The lateral margin of the lateral part, as seen from above,

is sharp and laterally convex, terminating posteriorly in a prominent tubercle

—

the highest of the series of elevations seen on the posterior surface of the bone, which
have bee"n already described as serially homologous with the true transverse processes

of the lumbar vertebrae. Fused with the dorsal surface of each lateral part, and
separated from it laterally by a narrow but deep notch, is the superior articular process.

This supports a vertical articular surface, which is of circular or oval form, and con-

cave from side to side, having a general direction backwards and a little medially.

The borders of the sacrum are thick above, where they articulate with the ilia.
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tliia ami taperiug below, wiiere they furnish attachments for the powerful sacro-

tuberous ligaments (O.T. great 'sacro-sciatic). The iliac articiilar surfaces are

described as auricular in shape (facies auricularis), and overlie the lateral parts

formed by the Hrst three sacral vertebra-, tliou;^di this arrangement is liable to con-

siderable variation. Posterior to the auricular surface the bone is rough and pitted

by three distinct depressions for the attachment of the strong Siicro-iliac ligaments.

Inferiorly, the edge formed by the lateral parts of the fourth and fifth sacral

vertebrae becomes gradually thinner, and at the inferior lateral angle changes its

direction and sweeps medially towards the body of tiie hfth sacral segment.

The apex, or lower end of the sacrum, is formed by the small oval body of the

fifth sacral vertebra, which articulates with the coccyx.

The sacral canal follows the curve of the bone ; more or less triangular in shape

above, it becomes compressed and flattened dorso-veutrally below. Inferiorly, its

posterior wall is deficient owing to the imperfect ossification of the laminte of the

fifth, and, it may be, of the fourth sacral segments. Passing obliquely downwards
and laterally from this canal into the lateral parts on either side are the four pairs

of intervertebral foramina, each of which is connected laterally with a V-shaped
canal which terminates in front and behind in the anterior and posterior sacral

foramina. The posterior limb of the V is shorter and narrower than the anterior.

The female sacrum is proportionately broader than the male, its curves are

liable to great individual variation ; usually it is flattened above, and somewhat
abruptly curved below, as contrasted with the male sacrum, in which the curve is

more uniformly distributed throughout the bone. In the female the absolute

depth of the curve is less than in the male. The iliac articular surface of the

female sacrum is smaller than, and of a different shape from, that of the male ; in

the majority of cases it only extends over two sacral segments, whereas in the male

it invariably includes a part, and at times the whole of the third segment (Derry).

The variation in the proportions of the breadth to the length of the sacrum is

expressed by the formula —^ -, = Sacral Index. Sacra with an index above^ -^ length

100 are platyhieric and are generally characteristic of the higher races, those with

an index below 100 are dolichohieric and are more commonly met with in the lower

races of men. The average European index is 1124 for males and 11G"8 for females.

Os Coccygis.
The coccyx consists of four—sometimes five, less frequently three—rudimentary

vertebrse, which tend to become fused. The first piece is larger than the others

;

it has an oval hollow 34 34
facet on its superior sur-

face, which articulates

with the body of the last

sacral segment. Pos-

teriorly, two processes,

comua coccygea, which
lie in series with the

articular processes of the

sacrum, extend upwards
and unite with the sacral

comua, thus bridging

over the notch for the

exit of the fifth sacral

nerve, and converting

it into a foramen, the

last of the intervertebral ^- Transverse process,

series. From the sides of the body project rudimentary transverse processes, which

may, or may not, unite with the sacrum close to the lower lateral angles
;
in the

latter case the fifth anterior sacral foramina are enclosed. Inferiorly, the body of the

bone articulates with the succeeding vertebra. The second coccygeal vertebra displays

Fio. 114.

—

The Coccyx.

A. Posterior Surface. B. Anterior Surface.

2. Transverse process. 3. For Sacrum. 4. Coriiu.
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slight traces of a transverse process and the rudiments of roots of the vertebral
arch. The succeeding segments are mere rounded or oval-shaped nodules of bone.

Fusion between the lower elements occurs normally in middle life, whilst union between
the first and second segments occurs somewhat later. It is not unusual, however, to find

that the first coccygeal vertebra remains separate from the others. Though very variable,

as a rule, fusion occurs more commonly in the male, and at an earlier age, than in the
female. Szawlowski has recorded a case in which a curved pi'ocess arose from the ventral
surface of the first coccygeal segment. He regards this as possibly the homologue of a
ventral arch {Anat. Am. Jena, vol. xx. p. 320).

From the posterior surface of the coccyx the glutseus maximus arises, whilst
to it is attached the filum terminale of the spinal medulla. To its borders are
attached the coccygei and levatores ani muscles; and from its tip spring the
fibres of the sphincter ani externus.

THE VERTEBRAL COLUMN AS A WHOLE.
When all the vertebrae are articulated together, the resulting column displays

certain characteristic features. The division of the column into a true or movable
part, comprising the members of the cervical, thoracic, and lumbar series, and
a false or fixed portion, including the sacrum and coccyx, can be readily

recognised. The vertebrae are so disposed that the bodies form an interrupted
column of solid parts anteriorly, which constitutes the axis of support for the
head and trunk; whilst the vertebral arches posteriorly provide a canal for the
lodgment and protection of the spinal medulla and its membranes. In the movable
part of the column both the anterior supporting axis and the vertebral canal are
liable to changes in their disposition, owing to the movements of the head and
trunk. Like the bodies and vertebral arches, the spinous and transverse processes
are also supeq^osed, and fall in line, forming three series of interrupted ridges

—

one (the spinous) placed centrally and behind, the others (the transverse) placed
laterally. In this way two vertebral grooves are formed which lie between the
central and lateral ridges. The floor of each groove is formed by the laminae and
articular processes, and in these grooves are lodged many of the muscles which
serve to support and control the movements of the column.

Further, the column so constituted is seen to display certain curves in an
antero- posterior direction. These curves are, of course, subject to very great
variation according to the position of the trunk and head, and can only be satis-

factorily studied in a fresh specimen ; but if care is exercised in the articulation

of the vertebrae, the following characteristic features may be observed, assuming, of

course, that the column is erect and the head so placed that the axis of vision is

directed towards the horizon. There is a forward curve in the cervical region,

which gradually merges with the backward thoracic curve ; this becomes con-
tinuous below with an anterior convexity in the lumbar region, which ends more
or less abruptly at the union of the fifth lumbar with the first sacral vertebra,
where the sacrum slopes suddenly backwards, causing the column to form a

marked projection—the sacro-vertebral angle. Below this, the anterior concavity of

the front of the sacrum is directed downwards as well as forwards. Of these four
curves, two—the thoracic and sacral—are primary, they alone exist during foetal

life ; whilst the cervical and lumbar forward curves only make their appearance
after birth—the former being associated with the extension and elevation of the
head, whilst the latter is developed in connexion with the use of the hind limb in
the hyper-extended position, which in man is correlated with the assumption of
tlie erect posture ; this curve, therefore, only appears after the child has begun to

walk. For these reasons the cervical and lumbar curves are described as secondary
and compensatory.

Not infrequently there is a slight lateral curvature in the thoracic region, the
convexity of the curve being usually directed towards the right side. This may
be associated with a greater use of the muscles of tlie right upper limb, or may
depend on the pressure exercised by the upper part of the tlioracic aorta on the
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vertebrie of the thonicic region, thus causing a slight lateral displacement, together

with a flattening of the side of the fifth thoracic vertebra (impressio aortica) as was
first pointed out by Wood {Journ. Anat. and Physiol.

vol. iii.). Above and below this curve there are slight

compensatory curves in the opposite direction.

The line wliich unites the tips of the spinous pro-

cesses is not a repetition of the curves formed Vjy the

bodies. This is due to the fact that the length and
direction of thespinous processes varymuch in different

regions ; thus, in the neck, with the exception of the

second, sixth, and seventh, they are all short (absent in

thecaseof theatlas). In the thoracic region the spinous

processes, though long, are obliquely placed—a circum-

stance which mucli reduces their prominence ; that of v

the seventh thoracic vertebra is usually the longest

and most slanting. Below that point their length

gradually decreases, and their position more nearly

approaches the horizontal. In the loins the spinous

processes have all a slight downward direction.

The spinous processes of the upper three or four

sacral vertebrae form an osseous ridge with interrupted

tubercles. The ridge formed by the vertebral spines

is an important determinant of the surface form, as

it corresponds to the median furrow of the back,

and there the individual spines may be felt and
counted from the seventh cervical down to the sacral

region. That is best done when the back is well

bent forwards.

Taken as a whole, the spinous ])i'ocesses of the movable
vertebrte in man have a downward inclination—a character

which he shares with the anthropoid apes and a few other
animals. This character serves to distinguish his column from
those of lower mammals in which the spines of the lumbar
vertebrae are directed headwards towards the "centre of motion,"
which is usually situated near the caudal extremity of the

thorax, where a vertebra is placed the direction of whose
spine is vertical to the horizontally disposed column ; this

vertebra is often referred to as the anticlinal vertebra.

As viewed from the front, the vertebral bodies

increase in width from the second cervical to the

first thoracic ; thence a reduction in breadth takes

place to the level of the fourth thoracic, below which
there is a gradual increase in their transverse dia-

meters until the sacrum is reached. There a rapid

reduction in width takes place, terminating interiorly

in the nodules of the coccyx.

The transverse processes of the atlas are wide and
outstanding. The succeeding four cervical vertebras

have transverse processes of nearly equal width ; the

seventh, however, displays a marked increase in its

transverse diameter, and is alDout equal in width to

the first thoracic vertebra. Below this a gradual and
regular diminution in width characterises the trans-

verse processes of the thoracic vertebrae, until in the

case of the eleventh and twelfth they are merely
represented by the small lateral tubercles. In the

luml)ar region the transverse processes again appear outstanding, and of nearly

equal length.

The transverse diameter of the lateral parts of the first sacral vertebra forms
the widest part of the column. Below that, a decrease in width occurs until the

7a

Fig. 115.
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Vertebkal Column
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level of the third sacral segment is reached, at which point the transverse diameter

is somewhat abruptly diminished, a reduction in width which is further suddenly

accentuated opposite the fifth sacral segment.

As viewed from the side, the bodies display a gradual

increase in their antero-posterior extent until the second

lumbar vertebra is reached, below which, that diameter is

slightly reduced. In the sacral region the reduction in

the antero-posterior diameter is great in the first and
second sacral segments, more gradual and less marked in

the last three segments. The facets for the heads of the

ribs in the upper thoracic region lie on the sides of the

bodies ; those for the tenth, eleventh, and twelfth are placed

farther back on the roots of the vertebral arches.

The intervertebral foramina increase in size from above

downwards in the movable part of the column, being largest

in the lumbar region. In the sacral region they decrease

in size from above downwards. In the cervical region the

highest two cervical nerves pass out behind the articular

^, processes of the atlas and epistropheus, and lie, therefore,

^ klJ behind the corresponding transverse processes of those

vertebrge. The succeeding cervical nerves pass out through

the intervertebral foramina, which are placed between the

transverse processes and anterior to the articular processes.

In the thoracic and lumbar vertebrse the intervertebral

foramina lie anterior to both the articular and transverse

processes. The arrangement of the intervertebral foramina

in the sacrum has been already sufficiently explained.

The vertebral canal for the lodgment of the spinal medulla

and its meninges is largest in the cervical and lumbar

regions, in both of which it assumes a triangular form

;

whilst it is narrow and circular in the thoracic region.

These facts are correlated with the movements of the

^^^. column which are most free in those regions where the

canal is largest, i.e. the neck and loins.

The average length of the vertebral column is from 70

to 73 centimetres, or from 21\ to 28| inches. Of this the

cervical part measures from 13 to 14 cm. ; the thoracic, 27 to

29 cm.; lumbar, 17 to 18 cm.; and the sacro- coccygeal, 12

to 15 cm. The individual differences in the length of the

column are less than one might expect, the variation in height

of different individuals being often largely dependent on the

length of the lower limbs. In the female the average length

of the column is about 60 centimetres, or 23| inches, and the

curve in the lumbar region is usually move pronounced.

DEVELOPIVIENT OF THE VERTEBRAL
ys COLUMN.

The Cartilaginous Column.

As has been already stated (p. 37), the neural tube

and the notochord are enveloped by a continuous sheath of

mesodermal tissue which forms the membranous vertebral

column It is by the chondrification of this that the car-

Co^Z^L\VZl7oZ^l^... tilaginous column is developed. This process commences

about the end of the first or the beginnmg of the second

month of foetal life. In correspondence with each vertebral segment, two

symmetrical nodules of 'cartilage appear on either side of the notochord; these

rapidly surround and constrict it. By their fusion they constitute the body of a

r^

I Coccy-
^geal 4-5
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cartilaginous vertebra, and are so disposcid that they alternate in position with the
muscle plates which are lying on either side. In tliis way a vertebral body corre-

sponds in positi(m to the caudal halt' of the anterior myotome, and the ceplialic

half of the posterior myotome, the intermyotomic intervals, which contain the

connective tissue plates separating the muscle segments, lie in line laterally

with the mid- points of the sides of the cartilaginous vertebrae. It is by chondri-

fication of these intersegmental layers that in certain regions the ribs are

ultimately devidopod. Meanwhile, the scleratogenous tissue between the chondri-

fying vertebral bodies undergoes little change and persists as the intervertebral

fibro-cartilage. Here the embedded notochord undergoes but slight compression and
enlarges, so that if a length of the column be examined in longitudinal section

the notochord displays a moniliform appearance, the constricted parts correspond-

ing to the bodies, the enlarged portions to the fibro-cartilages. The I'ormer

disappear at a later stage when ossification begins, but the latter persist in

•the adult as the pulpy core in the centre of the intervertebral fibro-cartilage.

The portions of the scleratogenous tissue which lie lateral to the notochord
have next to be considered ; these extend dorsalwards around the vertebral canal,

and ventralwards beneath the notochord. The former is sometimes called the

vertebral bow, the latter the hypochordal bow. The vertebral bow begins to

chondrify on each side, and forms the lateral portions of the cartilaginous vertebral

VertebKil canal

Vertebral bow

Notochord

Slieatli

Hypochordal bow

Myotome

I-Septum

I5ody of vertebra

Hypochordal
liOW
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The Dkvelopment of the Membranous Basis of a Vertebra (after Keith).

A, in transverse section, B, iu horizontal section, showing the relation of the vertebrte to the

primitive segments.

arch, the extremities of which usually unite dorsally about the fourth month of

foetal life ; if from defective development this union should fail to occur a

deformity known as spina bifida is the result.

From the cartilaginous vertebral arch, so formed, arise the chondrified rudiments

of the spinous, transverse, and articular processes.

The chondrification of the vertebral arch is variously described as being in-

dependent of the body or an extension from it ; in any case, union between it and
the body is rapidly effected.

The scleratogenous tissue between the cartilaginous vertebral arches which does

not undergo chondrification persists as the ligaments uniting the vertebral laminae.

As regards the so-called hypochordal bow, for the most part it disappears.

By some it is regarded as being represented by a fibrous strand in the inter-

vertebral fibro - cartilage on the cephalic side of the vertebra to which it

belongs. It is, however, noteworthy that in the case of the atlas vertebra there

is an exception to this arrangement; for here the hypochordal bow chondrifies

and subsequently by ossification forms the anterior arch of that bone—an arch

which lies ventral to, and embraces the dens of the epistropheus {q.v. p. 91).

It is only in the thoracic region that the ribs, developed as stated above by the

chondrification of the intersegmental septa, attain their full dimensions. In the

cervical, lumbar, and sacral regions they exist only in a rudimentary or modified

form, as has been described elsewhere. In the construction of the chest wall the ribs

are supported ventrally by the sternum, as to the development of which there is some
difference of opinion. Ruge has described this bone as formed by the fusion of two
cartilaginous bands produced by the coalescence of the expanded ends of the first five
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or seven cartilaginous ribs. Paterson, on the other hand, regards the sternum as

arising independently of the ribs by the union of a right and left sternal bar in the

median ventral line. There are also reasons for supposing that the presternum is

intimately associated with the development of the ventral part of the shoulder girdle.

Ossification of the Vertebrae-—The vertebrae are developed by ossification of

the cartilage which surrounds the notochord and which passes dorsally over the sides of

the vertebral canal. The centres for the bodies first appear in the lower thoracic vertebrse

about the tenth week. An oval nucleus develops in each body. At first it is placed

dorsal to the notochord, but subsequently surrounds and causes the disappearance of

that structure. Occasionally, however, the primitive centre appears to be formed by
the coalescence of two primary nuclei. Support is given to this view by the occasional

occurrence of vertebne in which the body is developed in two collateral halves, or in cases

where only one-half of the body persists (Turner) ; normally, however, it is impossible to

make out this division. From these single nuclei the bodies are developed, the process

extending up and down the cohimn until, by the fifth month, all the bodies possess ossific

nodules, except the coccygeal segments. About the seventh Aveek a single centre appears in

the vertebral arch on either side. These commence first to ossify in the upper cervical region

and extend rapidly downwards throughout the column. They first appear near the bases

of the superior articular processes, and extend backwards into the laminae, laterally into

the transverse processes, and forwards into the roots of the vertebral

Centre arclies. These latter project anteriorly and form a considerable portion
for of the postero-lateral aspects of the body, from which, however, they

brai*^ are separatedby a cartilaginous strip—the neuro-central synchondrosis
arch —which docs uot entirely disappear until about the fifth or sixth year.

It is important to note that in the thoracic region the costal facets lie

^Centre for behind the neuro-central synchondrosis, and are therefore borne on the
^°'^^

lateral aspects of the roots of the vertebral arches. Fusion of the
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laminae in the median plane posteriorly begins, after birth, in the lumbar
'

OF Vertebra region and extends upwards, so that by the fifteenth month or there-

abouts the arches in the cervical region are completed posteriorly. In

the sacral region ossification is slower, the vertebral canal not being enclosed till the

seventh to the tenth year. The spinous processes are cartilaginous at birth, but they
become ossified by the extension into them of the bony laminse.

At puberty certain secondary or epiphyseal centres make their appearance ; these are

five in number. One caps the summit of the spinous process, except in the cervical

region. A single centre on each side appears at the extremity of the transverse

process, and in the thoracic region assists in forming the articular surface for the tubercle

of the rib. Two epiphysial plates are formed—one for the superior, and the second for the

inferior surface of the body, including also that part which lies posterior to the neuro-central

synchondi'osis and is formed by the root of the vertebral arch ; from these the thickened

circumference of both upper and lower aspects of the body are derived. Fusion of these

centres with the rest of the bone is not complete till the twenty-fifth year.

In the cervical region independent centres are described as occvirring in the anterior

roots of the transverse processes of the sixth and seventh vertebrae. These correspond to

the costal element, and may occasionally persist in the form of cervical ribs. Elsewhere
they are formed by lateral extensions from the root of the vertebral arch.

In the lumbar region the transverse process of the first lumbar vertebra is occasionally

associated with an independent costal centre, which may blend with it, or persist as a
lumbar rib. The mamillary processes are derived from separate centres. The vertebral

arch of the fifth lumbar vertebra is occasionally developed from two centres on each side,

as is demonstrated by the fact that the arch is sometimes divided by a synchondrodial

joint running obliquely across between the superior and inferior articular processes.

(See ante, p. 91; also Fortschritte av,f dem, Gehiete der Rontgenstrahlen. Erganzungsheft i.

;

"die Entwickelung des menschlichen Knochengeriistes wahrend des fotalen Lebens,"
von Lambertz.) At the eighteenth year there are two epiphyses at the end of the costo-

transverse process of the fifth lumbar vertebra ; one caps the transverse element, the other

caps the costal element (Fawcett).

Atlas.—The lateral masses, transverse processes, and posterior arch are developed
from two centres—one on each side—which correspond with the centres from which the

vertebral arches of the other members of the series are developed. These make their

appearance about the seventh week, and do not unite posteriorly till after the third

year. Their point of union is sometimes preceded by the formation of a distinct spinal
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nucleus (Quain). Tlio transverse processes are completed by epiphyses about the eight-

eenth year (Fawcett). The anterior arch is developed from centres variously described
as single or double, which appear in the hypochordal arch of cartilage described by
Froriep {Arch. /. Anat. u. Physiol., Anat. Ahth. 1886) which here persists. In this

cartilage ossification conuiiences during the first year of life. Union with the lateral

masses is delayed till six or eight years after birth. The lateral extremities of the
anterior arch assist in forming the anterior part of the superior articular processes.

Epistropheus.—Tlie epistroplieus ossifies from five primitive centres. Of these, two
—one on each side—apjjcar about the seventh week, and form the articular and transverse

processes, together with the lamiuje and spinous process. One, or it may Vje two, nuclei

appear in the inferior part of the body about the fifth month. The superior part of the
body, including a small part of the superior articular process, and the base of the dens,

S 14 16

Fig. 119.

Cei-vic(d vertebra.

1. Centre lor body.

2. Superior epiphysial plate.

3. Anterior bar of transverse process developed by
lateral extension from root of vertebral arch.

4. Neuro-central synchondrosis.

5. Inferior epiphysial plate.

Lumbar vertebra.

6. Body.

7. Superior ejnjdiysial plate.

8. Epiphysis for mamillary proce.ss.

9. Epiphysis for transverse process.

10. Epiphysis for spinous proces"s.

11. Neuro-central synchondrosis.

12. Inferior epiphysial plate.

Thoracic vertebra.

Centre for V)ody.

Superior epiphysial plate, appears about puberty ;

unites at 25th year.

Neuro-central synchondrosis does not ossify till

5th or 6th year.

16. Appears at puberty ; unites at 25th year.

17. Appears at puberty ; unites at 25th year.

18. Appears about 6th week.

Epistropheus.

19. Centre for transverse process and verteV)ral arch
;

appears about 8th week.

20. Synchondroses close about 3rd year.

13.

14.

15

Ossification of VERTEBUiK.

21. Centre for summit of dens ; appears 3rd to 5th
year, fuses Sth to 12th year.

22. Ai>pears about 5th or 6th month ; unites with
opposite side 7th to Sth month.

23. Synchondrosis closes from 4th to 6th year.

24. Inferior epiphysial plate ; appears about puberty,
unites about 25th year.

25. Single or double centre for body ; appears about
5th month.

Atlas.

26. Posterior arch and lateral masses developed from
a single centre on either side, which appears
about 7th week. In this figure the posterior

arch is represented complete by the union
posteriorly of its posterior elements.

27. Anterior arch and portion of superior articular

surface developed from single or double centre,

appearing during 1st year.

Thoracic vertebra.

28. Epiphysis for transverse process ; appears about
puberty, unites aliout 25th year.

29. Epiphysis appears about puberty ; unites about
25th or 27th year.

30. Centre for vertebral arch on either side ; appears
aliout 6th or 7th week, the laminae unite from
birth to 15th month. The arch is here shown
complete posteriorly.

31. Centre for body ; apjiears about 6th week, unites

with vertebral arcli from 5th to 6th year.

are developed from two laterally-placed nuclei which appear shortl}' after, and fuse together
at the seventh or eighth month, so that at birth the bone consists of four pieces. Fusion
between these parts takes' place in the following order :—The dens unites with the body
and lateral parts about the third or fourth year ; union between the two lateral portions
posteriorly and. the body and lateral parts anteriorly, is complete at from four to six years.

The summit of the dens is developed from a separate centre, occasionally double,
which appears from the third to the fifth year, and fuses with the rest of the bone from
the eighth to the twelfth year. About puberty an annular epiphysis is developed on the
inferior surface of the body, with which it is completely united during the twentieth to

the twenty-fifth year. Some authorities state that a few granules between the base of the
dens and the superior sui-face of the body represent the superior epiphysial plate ; but
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as fusion between the dens and the body occurs before the time for the appearance of

these secondary epiphysial plates, this can hardly be regarded as correct. The line of

fusion of the dens with the body is defined by a small disc of cartilage which persists

within the substance of the bone till an advanced period of life.

A pair of epiphyses placed over the tubercles of the spinous process, if not always

present, are at least frequent.

Sacrum.—Each of the sacral segments is ossified from three centres : one for the

body, and two for the vertebral arch—that for the body, which makes its appearance in the

first three sacral vei'tebrse about the end of the third month, about the fifth to the

eighth month for the last two segments. From the two centres for the vertebral arches,

which make their appearance about the fifth or sixth month in the higher segments,

the laminse, articular processes, and the posterior half of the alee on either side are

developed. The sacral canal is not enclosed till the seventh to the tenth year, the

laminfe usually failing to meet in the lowest segment, and occasionally, to a greater or

less extent, in some of the higher segments. The anterior portion of the lateral parts is

developed from separate centres which represent the costal elements (Gegenbauer). These

appear about the sixth to the eighth month, and may develop in relation to the upper

four sacral segments ; more usually they are met with in connexion with the first three,

and exceptionally they may be found only in the upper two. It is by fusion of these

with the posterior arches that the lateral parts,

which support the hip bones,, are formed. The
costal elements fuse about the second to the fifth

year with the vertebral arches, prior to their

union with the bodies ; and the segments of the

lateral parts unite with each other sooner than

the union of the bodies is effected. The latter

only takes place after puberty by the fusion of

the epiphysial plates, a pair of which make their

appearance between the bodies of each segment.

The lower segments begin to unite together about

the eighteenth year, but fusion between the first
^"'-

''°;:;:StS" t'r.lrr!i°;.r and second sacral vertebra is not completed till
Arrangement of the Costal and Trans-
VERSE Epiphyses at the Eighteenth 'tbe twenty-fifth year or after.

Year.

T., Epiphysis of transverse process.

C.V., Ventral epiphysis of costal process.

CD., Dorsal epiphysis.

In addition to the

foregoing there are costal and transverse epi-

physes. According to Fawcett they are arranged

as follows. Costal epiphyses : The costal pro^

cesses of the I. and II. sacral segments bear at their
The numbers indicate the segments to which lateral ends inferiorly two such epiphyses, one
. the epiphyses belong. j , , . i ii. i, ^i. • r •

^ ^ •' ^ dorsal and one ventral ; these, by their fusion

and expansion mainly in an upward direction, form a plate—the auricular facet. The
III. and IV. costal processes have only one epiphysis each, viz., the ventral. All these

appear about the eighteenth year. Transverse epiphyses : Epiphyses are developed on all

the transverse processes of the sacral vertebrae except the II. Those of the IV. and V.

play an important part in the moulding of the lower lateral region of the sacrum. Thus, the

transverse epiphysis of the IV. segment becomes comma-shaped by downward and lateral

growth, the head of the comma fuses with the costal epiphysis of the III. sacral segment,

which in turn unites with the epiphysis of the transverse process of the V. segment,

the ultimate result being a Z-like arrangement on the posterior and inferior aspect of the

sacrum. The extremities of the superior spinous processes are occasionally developed from

independent epiphyses. On making a median section of an adult bone the persistence of

the intervertebral fibro-cartilages between the bodies is indicated by a series of oval cavities.

Coccygeal Vertebrae.—These are cartilaginous at birth. Each has a separate

centre ; the first appears from the first to the fourth year, the second from the sixth to

the tenth year, the third and fourth segments at or about puberty. Secondary centres,

for the coccygeal cornua and epiphysial plates for the bodies are also described. Fusion

of the various segments begins below and proceeds upwards, but is liable to great indi-

vidual variation. In advanced life the coccyx is often ossified to the sacrum.

THE STERNUM.
The sternum occupies the middle of the upper part of the thoracic wall

anteriorly. It is connected on each side with the cartilages of the first seven ribs,

and supports, superiorly, the clavicles. It consists of three parts, named respectively
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Incisura jugularis

Clavicular fac«t

III. Rib cartilage

—

the manubrium or handle ; the corpus stemi or body ; aud the processus xiphoideus
(or xiphoid cartilage). Of these the body is formed by the fusion in early life

of four se<fmeiit.s or .sternebne.

The manubrium or superior part, usually separate throughout life from the
rest of the bone, though occa.sionally fused with it, is of a fattened triangular
form. The anterior surface, slightly saddle -shaped, affords attachment to the
fibres of the pectoralis major and sterno-mastoid muscles. It is bounded above by
a thick border, the lateral parts of which are hollowed out obliquely to form the
facets (incisurae claviculares) for the sternal ends of the clavicles ; around the
facets, which have an upward, lateral,

and slightly backward direction, the bone
is faintly lipped. In the interval be-

tween these two facets there is a slight

notch (incisura jugularis) which forms the

floor of the characteristic hollow seen

at the root of the neck anteriorly—the

supra -sternal notch. The borders are

excavated immediately below the clavi-

cular facets for the reception of the

cartilages of the first ribs. Below this,

the margin of the bone slopes medially,

and is sharp, except inferiorly, where it

presents a facet which supports a part of

the second costal cartilage. Around this

the bone is usually lipped anteriorly. The
upper angles correspond to the ridge

separating the clavicular facets from the

first costal facets : whilst the lower angle,

which may be regarded as cut across trans-

versely, forms the surface which is united

by cartilage to the body of the sternum.

The anterior edge of this surface is usually

prominent. The posterior aspect of the

manubrium is smoother than the anterior,

is pierced by numerous foramina, and i v. Rib cartilage.

is slightly concave from side to side and
above downwards. Here are attached

some of the fibres of the sterno-hyoid and
sterno-thyreoid muscles.

The body or middle part of the

sternum, usually twice the length and
from half to two- thirds the width of

the manubrium, displays evidence of its

composite nature. If the planum sternale,

(anterior surface) which is slightly convex
from above downwards, and faintly con-

cave from side to side, is carefully ex-

amined, three ill-marked ridges may be

seen crossing it transversely ; these corre-

spond to the Unes of fusion between the

four primitive segments. To this surface

of the bone the great pectoral muscles are

extensively attached on either side of the

median plane. The borders are thick and interrupted at points corresponding

to the transverse lines already mentioned by U-shaped hollows, the edges of which
are more or less projecting. These are for the reception of the cartilages of the third,

fourth, and fifth ribs. The superior border is united to the manubrium above, and
forms with it an angle of variable degree—the angulus stemi (sternal angle).

A small facet is formed at the expense of the lateral extremity of^ this

Rib cartila

VI. Rib cartilage

VII. Rib cartila

Processus xiplioideu

Fig. 121.

—

The Sternum (anterior view).
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border, and in conjunction with the facet on the inferior edge of the manubrium
forms a recess on either side, in Une with the articulation between the manubrium
and body, into which the cartilage of the second rib fits. The inferior border of the

body is curved, and is united in the middle line with the xiphoid process, whilst on

either side it is pitted to receive the cartilages of the sixth and seventh ribs, the

latter being in part supported by the xiphoid process. The middle Une of the body

of the sternum anteriorly corresponds to the floor of the medial surface furrow, which

runs down the front of the chest in the interval between the two great pectoral

muscles. The posterior surface is slightly concave from above downwards, and
displays faint indications of three transverse lines in correspondence with those

placed anteriorly. It is in relation with the pleura and pericardium, and affords

attachment at its inferior extremity, on each side, to a transversus thoracis muscle.

The xiphoid process displays many varieties of form and structure. It

is a pointed process of cartilage, supported by a core of bone connected above

with the inferior end of the body of the sternum, and having its lower extremity,

to which the linea alba is attached, free. It lies somewhat posterior to the plane

of the anterior surface of the manubrium, and forms a floor to the V-shaped

interval between the cartilages of the seventh ribs. In this way a depression is

formed, the surface hollow in correspondence with which is called the pit of the

stomach or infrasternal depression. To the sides of this process are attached the

aponeuroses of the abdominal muscles, whilst posteriorly the fibres of the diaphragm
and transversus thoracis muscles derive attachment from it. It remains partly

cartilaginous until middle life, at which time it generally undergoes ossification,

particularly at its upper part, becoming fused with the body. Of varied form,

it may be met with of spatula -shape, bifid, circular, pierced in the centre, or

twisted and deflected to one or other side, or turned forward.

The sternum as a whole is broadest above, where the first rib cartilages are

attached. It becomes narrow opposite the second rib cartilages, but agaia. expands

until the level of the fifth rib cartilage is reached, below which it is rapidly

reduced in width and ends

below in the pointed xiphoid

process. Its position in the

body is oblique from above
downwards and forwards ; its

axis, if prolonged upwards,

would touch the vertebral

column opposite the third

or fourth cervical vertebra.

Though liable to changes in

position by the rising and fall-

ing of the chest wall, its upper
extremity corresponds to the

level of the lower border of the

second thoracic vertebra,whilst

the lower end of the xiphoid

process usually falls in hne
with the fibro- cartilage be-

tween the tenth and eleventh

thoracic vertebrae.

In women the sternum as a whole
is usually narrower and shorter than
in men, and its position less oblique.

On tlie other hand, Paterson has
shown that the male manubrium is

pruportionately wider and shorter

than the female, whilst the male body is proportionately longer and narrower than the female.

Ossification.—The cartilaginous sternum, developed from the fusion, in the median
plane, of two cartilaginous bands uniting the anterior extremities of the cartilages of the

first eight ribs, according to the researches of Ruge and more recently of Eggeling, begins

At birtli

Fig.

At 3 years.

122.

—

Ossification of the Sternum.

Ill this figure the second as well as the third segment of the body
possesses two centres.

1. Appears about 5th or 6th month. 2. Appeal' about 7th mouth ;

unite from 20 to 25. 3. Appear about 8th or 9th month ; third seg-

ment unites with second about puberty ; fourth segment unites with

third in early childhood. 4. Appears about 3rd year or later.
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to ossify about the sixth month of fttstal life. About this time a single centre appears
in the manubrium ; at birth this is well developed. Two centres placed vertically

have ahso been recorded. Secondary epiph^'ses have been described in comiexion with
the clavicular facets; these do not unite with the rest of the manubrium till adult life

is reached. The body, formed by the fusion of four segments, is ossiKed from independent
centres, either single or double, for each segment. These appear—the highest as early as

the sixth month of intrauterine life—in some cases even before the manubrium has begun
to ossify (Lambertz), the lowest towards the end of full term. The common arrange-
ment met with at birth is a single centre for the first, and double centres for each
of the succeeding segments. Union between these segments occurs rather irregu-

larly, and is liable to much variation. The fourth unites with the third segment in

early childhood, the third with the second about puberty, whilst the fusion of the second
with the first segment may not be complete till the twentieth or twenty-fifth year.

The xiphoid process usually ossifies from a single centre, which may appear as early as

the third year, though often very much later. The xiphoid process usually unites with the
body about forty or fifty, and in exceptional cases osseous union between the liody and
manubrium may occur in advanced life.

According to Paterson the manubrium or presternimi is developed in association with
the shoulder girdle and becomes only secondarily associated with the ventrally growing ribs.

COST^ RIBS.

The ribs, of which there are twelve pairs, form a series of curved osseous
bands which support the thoracic wall

;
posteriorly they articulate with the

thoracic vertebrre ; anteriorly, each rib is provided with a costal cartilage. The
first seven ribs articulate with the sternum by means of their cartilages, and
are termed the costae verae, true or vertebro-sternal ribs. The lower five ribs are

not so supported, and are described as the costae spuriae (false ribs). Of these the
eighth, ninth, and tenth are united by their cartilages to the cartilage of the
seventh rib, and are called the vertebro-chondral ribs, whilst the last two ribs are

free at tlieir anterior extremities, and are named the floating or vertebral ribs.

A typical rib consists of a capitulum costae (head), a collum costae (neck), a
tuberculum costae (tubercle), and a corpus costae (shaft), on wliich, near its posterior

end, is the angulus costae (angle).

The head, placed on the posterior or vertebral end of the bone, is somewhat
expanded. Medially, its articular surface is wedge-shaped and divided into two
parts, a superior and inferior, by a ridge or crest (crista capituli), to which the inter-

articular ligament of the head of the rib is attached. Of these two fticets the
inferior is usually the larger, and articulates with the superior facet on the body
of the vertebra in numerical correspondence with it, whilst the superior facet is for

the corresponding area on the inferior part of the body of the vertebra above.

The head is supported by a more or less constricted bar of bone, the neck, which
lies anterior to the transverse process of the lower of the two vertebme with which
the rib articulates, and thus assists in the formation of the costo-transverse cleft.

The neck is continuous with the shaft laterally, at which point there is a well-marked
tubercle on its posterior surface. The anterior surface of the neck is smooth ; its

posterior aspect is rough, and pierced by numerous small holes for vessels. Here is

attached the ligament of the neck of tlie rib. Not uncommonly the superior border
of the neck is lipped and ridged (crista colli costae), especially in the case of the sixth,

seventh, and eighth ribs, and affords attachment to the anterior and posterior costo-

transverse ligament. The inferior border iscontinuous with the costal groove laterally.

The tubercle consists of an articular and a non-articular part ; the former is

medial and inferior to the latter. Its articular surface, of rounded or oval shape,

is directed downwards, posteriorly, and a little medially, and rests upon a facet on the
transverse process of the vertebra in numerical correspondence with the rib. The
non-articular part, most prominent in the upper ribs, has the fibres of the ligament
of the tubercle of the rib attached to it. It is usually separated from the superior

border of the neck and shaft by a groove, in which lies the lateral division of the
posterior ramus of a thoracic nerve.

The body is thin, flattened, and baud-like. Its length varies much
;
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Head Neck Tubercle

Costal groove

the seventh and eighth, which are usually the longest, are from two and
a half to three times the length of the first and twelfth ribs respectively. The
bodies are curved so as to adapt them to the form of the thoracic wall. More acute

iu the upper members of the series, where the shafts are shorter, the curve opens

out in the middle and lower parts of the thorax, where the diameters of that cavity

are greater. The curve, however, is not uniform. Including the whole length of

the bone, it will be seen to be most accentuated towards the posterior part, where,

in correspondence with the point at which the bend is most pronounced, there

is a rough ridge placed obliquely across the outer surface of the shaft for the

attachment of the
slips of the ilio-cos-

talis muscle ; this

bend is the angulus

costae. The distance

between the angle

and the tubercle is

greatest on the eighth

rib ; above that, the

width between these two points gradually decreases until, in

the case of the first rib, the two coincide. Below the level

of the eighth rib the distance slightly diminishes in con-

formity with the general narrowing of the thorax below

that level. Towards the anterior extremity of the rib

where the diffitations of the serratus anterior and external

oblique muscles are attached to its outer surface the curve

of the body is somewhat more pronounced, and is referred

to as the anterior angle.

Combined with the curve, there is in many of the ribs

a twist. This may best be understood if the student will

take a strip of stiff paper and bend it in the form of the

curve of the rib. If, after he has done this, he pulls down
the anterior end and turns up the posterior end of the strip,

he will have imparted to the strip of paper a twist similar

to that met with in the rib. This appearance is best

seen in the middle members of the series, notably in the

seventh and eighth ribs, above and below which it gradually

becomes less marked. It is the occurrence of this twist

which prevents the extremities of the ribs, together with

the I'ody, from resting on the same plane surface. To this

rule there are certain notable exceptions, viz., the first and
second, the twelfth, and not infrequently the eleventh.

The body has two surfaces, internal and external,

and two borders, a superior and an inferior. The external

surface, which is smooth, conforms to the general vertical

convexity of the thorax, being directed upwards in the

first rib, upwards and outwards in the higher ribs, out-

wards in the middle series, and outwards and slightly down-
wards in the tenth, eleventh, and twelfth. The internal sur-

faces are arranged converselyand are covered with the parietal

.pleura. Towards the sternal end of the middle ribs, at the

anterior angle where the downward twist is most marked,

there is often an oblique line across the outer surface.

The up2-)er border of the body is thick and rounded be-
^- For costal cartilage

hind, thinner and sharper in front; to it are attached the
^''';s^fj."E^^p,^oM SiLow^""

fibres of the internal and external intercostal muscles.

The lower border is grooved behind at the expense of tlie inner surface, and is

overhuug laterally by a sharp margin. Anteriorly this sulcus costalis (costal groove)

fades away, and its lips coalesce to form a rounded edge. The intercostal vessels

and nerve are lodged in this groove, whilst its lips afford attachment to the
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Facets on liend

Articular part of tubercle
for transverse process of
vertebra

Aiifrle

Fio. 124.—FiKTH Right Rib as seen kkom behind.

external and internal intercostal muscles respectively. On the floor of tlie "roove
may also be seen the openings of the canals for the transmission of the nutrient
vessels, which are directed towards the vertebral end of the rib.

The anterior or sternal extremity of the body, often slightly enlarged, displays
an oloiigatt'd oval ])it into whicli tlie costal Cixrtihige is sunk.

Peculiar Ribs.—The lirst, second, tenth, eleventh, and twelfth ribs all display
characters by which they can be readily recognised.

The first rib can be easily

distinguished from the others

by its size, curvature, and
flattened form, as well as by
the great proportionate width
of its body. The head,

which is of small size, has a

single oval or circular facet,

which is directed medially

and slightly backwards for

articulation with the side of

the body of the first thoracic

vertebra. The neck is flat-

tened from above downwards,
and is slightly down-turned towards the end which supports the head. Its anterior

border is rounded and smooth ; its posterior edge rough for the attachment of

ligaments. At the point where the neck joins the body posteriorly, a prominent
tubercle curves upwards and backwards. The inner and lower surface of this

process has a small circular facet which
rests on a corresponding articular sur-

face on the transverse process of the

first thoracic vertebra. The angle coin-

cides with the tubercle, and thus assists

in emphasising its prominence. The
surfaces of the body of the rib are

directed upwards and downwards, its

borders inwards and outwards. If the

finger is run along the thin inner

border, a distinct spine or tubercle can

be readily felt about an inch or an inch

and a quarter from its anterior ex-

tremity. This is the tuberculum scaleni

(scalene tubercle of Lisfranc), which also

forms an elevation on the upper sur-

face of the shaft and affords an attach-

ment for the scalenus anterior muscle.

There is a shallow, oblique groove

crossing the superior surface of the

shaft in front of this, for the lodgment

of the subclavian vein ; whilst behind

the tubercle there is another groove,

usually better marked and passing

obliquely forwards, for the subclavian

artery (sulcus subclaviae). In this

groove, behind and lielow the artery, is

lodged that part of the first thoracic

nerve which contributes to the forma-

tion of the brachial plexus. According

to Wood Jones the development of the groove depends upon the size of the nerve

passing over it. The space on the upper surface of the rib between this latter

groove and the tubercle posteriorly is somewhat rough, and affords attachment to

the fibres of the scalenus medius muscle. In many specimens these features are

Fig. 125.

—

First and Second Right Ribs as seen
from above.
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but faintly marked. The anterior extremity of the rib is thickened and often ex-

panded for the reception of its costal cartilage, which is not infrequently ossified.

Here, on the upper surface, are attached the costo-clavicular ligament and the sub-

clavius muscle. The inferior surface of the rib is smooth and is covered with

pleura. The outer convex border, thin in front, is usually thick and rough behind

the subclavian groove, where it has.attached to it the fibres of the first digitation of

the serratus anterior. Along this edge, also, are attached the external and internal

intercostal muscles of the first intercostal space. The inner concave border is

thin, and has connected with it the aponeurotic expansion known as Sibson's fascia.*

The second rib may be distinguished by the sharpness of its curve ;
the absence

of any twist on its body, so that it can be laid flat on the table ; the oblique direction

of the surfaces of its body, the outer being directed upwards and outwards, whilst

the inner is turned downwards and inwards ; and the presence of a well-marked,

rough, oval area about the middle of its external surface and lower border for part of

the first, and the whole of the second digitation of the serratus anterior muscle.

The head has two facets, and the angle is close to the tubercle posteriorly.

The tenth rib has usually only a single articular facet on the head, and may or

may not have a facet on the tubercle.

The eleventh and twelfth ribs are recognised by their length. The head of

each is usually large in proportion to the body; it supports a single facet for

articulation with the eleventh or twelfth thoracic vertebrae. The tubercles are ill-

developed and have no articular facets. The angle is faintly marked on the

eleventh, scarcely per-

ceptible on the twelfth.

The anterior extremities

of both are narrow and
pointed and tipped with

cartilage. The costal

groove is absent in the

twelfth,and but slightly

seen in the eleventh.

The twelfth is consider-

ably shorter than the

eleventh rib.

Ossification. — Os-

sification begins in the

cartilaginous ribs about

the sixth week, and rapidly

extends along the body, so

that by the end of the

third month it has reached

the permanent costal car-

tilage. The sixth and
seventh ribs are the earli-

est to ossify ; the first

rib being the last (Lam-

bertz). At puberty, or

before, secondary centres

appear. One for the head.

In the first rib there is one

epiphysis for the tubercle.

In the second to the sixth

ribs inclusive there are

two epiphyses for the

tubercle, one for the ar-

ticular part and one for

the nou articular part. In the remaining ribs which have articular tubercles there is only

one epiphysis (Fawcett). By the twenty-fifth year fusion between the epiphyses and the

body is complete.

Fffj. 126.—TiiK Thouax as sekn khom thk Fkont.
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THE COSTAL CARTILAGES.

The costal cartilages, of which there are twelve pairs, are bars of hyaline cartilage

united to the uiiLerior extremities of the ribs, into which they are recessed and held in

position l)y the periosteum. Through these cartilages the first seven ribs are con-

nected directly with the sternum l)y means of synovial joints corresponding to the

notches along the margins of the breast bone. To this there is an exception in the

case of the first rib, the cartilage of which is directly blended with the manubrium
sterni. The eighth, ninth, and tenth are connected indirectly with the sternum
by their union with each other, and their articulation, through the medium of

the eighth, with the seventh rib cartilage, whilst the eleventh and twelfth

cartilages tip the- ribs to which they belong, and lie free in the muscles of the

flank. The costal cartilages increase in length from the first to the seventh,

below which they become shorter. The first inclines obliquely downwards and
medially to unite with the superior angle of the manubrium. The second lies more
or less horizontally. The third to the seventh gradually become more and more
curved, inclining downwards from the extremities of their respective ribs, and then
turning upwards to reach the sternum. The tenth cartilage articulates by means of

a synovial joint with the

ninth, the ninth with the

eighth, and the eighth with

the seventh. There are also

surfaces for the articulation of

the seventh with the sixth,

and sometimes for the sixth

with the fifth.

THE THORAX AS A
WHOLE.

The bony and cartilaginous

thorax is barrel-shaped, being

narrower above than below,

and compressed from before

backwards. Its posterior wall

is longer than its anterior, and
its transverse width, which
reaches its maximum opposite

the eighth or ninth rib, is

much in excess of its sagittal

diameter. This is largely

owing to the forward projec-

tion of the thoracic part of

the vertebral column into the

thoracic cavity.

The anterior wall is

formed by the ribs and rib

cartilages, together with the

sternum. The posterior wall

comprises the thoracic part of

the vertebral column and the

Tibs as far as their angles.

Owing to the posterior curve
of the ribs, and the projection

forwards of the vertebral

bodies, the antero- posterior

diameter of the thoracic cavity is considerably greater on each side of the median
plane than in tlie median plane, thus allowing for the lodgment of the rounded

Fig. 127.

—

The Thorax as seen from the Right Side.
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posterior parts of the lungs. For the same reason the furrow on each side of

the spinous processes of the thoracic vertebrae is converted into a broad groove
(vertebral groove), the floor of which is in part formed by the ribs as far as their

angles. The grooves so formed are each occupied by the fleshy mass of the sacro-

spinalis muscle.

The side walls are formed by the costal arches. The ribs, which run
obliquely from above downwards and forwards, do not lie parallel to each other,

but spread somew^hat, so that the intervals between them (intercostal spaces) are

wider in front than behind.

The superior aperture or inlet, formed by the body of the first thoracic vertebra

behind, the arch of the first rib on either side, and the upper border of the

manubrium sterni in front, is contracted and of reniform shape, measuring on an
average from 10 to 12 cm. transversely and 5 cm. in an antero-posterior direction.

The plane of the inlet is oblique from behind downwards and forwards, so that in

expiration the superior border of the sternum lies on a level with the fibro-cartilage

between the second and third thoracic vertebrae.

The inferior aperture, of large size, is bounded in the median plane behind by the

twelfth thoracic vertebra
;
passing thence the twelfth ribs slope laterally, downwards

and forwards. A line carried horizontally forwards from the tip of the twelfth rib

touches the end of the eleventh rib, and then curving slightly upwards reaches

the cartilage of the tenth rib. Thence it follows the confluent margins of the

cartilages of the tenth, ninth, eighth, and seventh ribs, finally reaching the xiphoid

process, where it forms, with the costal margin of the opposite side, the infrasternal

angle, the summit of which coincides with the xiphi-sternal articulation ; in

expiration this joint usually lies on a level with the intervertebral fibro-cartilage

between the ninth and tenth thoracic vertebrae, and corresponds with the surface

depression familiarly known as the pit of the stomach. The inferior aperture of

the thorax is occupied by the vault of the diaphragm.

In the fCBtal condition the form of the thorax differs from that of the adult. It is

compressed from side to side—in this respect resembhng the simian type. Its antero-

posterior diameter is relatively greater than in the adult. At birth, changes in form take

place dependent on the expansion of the lungs ; during subsequent growth, the further

expansion of the thoracic cavity in a transverse direction is correlated with the assumption
of the erect posture, and the use of the fore-limbs as prehensile organs.

Sexual Differences.—The thorax of the female is usually described as being pro-

portionately shorter and rounder than the male. It also tends to narrowness in the

lower segment. It is hardly necessary to point out that the natural form is often

modified by the use of tight or ill-fitting corsets.

mu T't- • T J Transverse diameter x 100 ^ , ^ , i i ^ o ^i.The Thoracic Index = -r ; r^ taken at the level of the junction
Antero-posterior diameter

of the xiphoid process with the body expresses the proportions of these diameters. That
of the female is on an average lower than the male, indicating a more rounded form.

THE SKULL.
(Ill view of the vast amount of accurate knowledge the medical .student is now called upon to

acquire, it is, in the opinion of the writer of this article, desirable that less stress should be laid

upon the details of the disarticulated bones of the skull and more emphasis placed on the study
of the skull as a whole.

It has hitherto been the custom to disarticulate the bones of the skull, imposing on the
student the ta.sk of again reconstructing it, much after the manner of a Chinese puzzle. In this

way a minute acquaintance with' the forms and articulations of the individual bones became
neces.sary, and the student's memory was burdened with a mass of detail of little or no practical

or scientific value, for in regard to the latter aspect of the suljject the points of iiliylogeiietic and
ontogenetic interest are best illustrated by a consideration of the details of the evolution of the

skull and the development and ossification of its parts. With possibly the exception of the

temporal bone.s and the mandible, tlie author holds that most of the useful information relating

to tlie skull can best be studied in the complete cranium, or in sections of it made in different

planes. By this method the student acquires a more intimate knowledge of its structure and
topography, and is consequently better equipped to deal with the regions he may have to explore

in the living.
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With this object in view, the writt-nof this article lias given more space to the description of

tlie skull as a whole and in section than is usually the case. Such a jjlan has douhtle.s.-5 given
rise to some repetition ; at the same time it renders more complete, and, it Is hoped, also more
useful from a practical standpoint, the account supjilied.

It must, however, be borne in mind that a text-book of Anatomy serves the double purpose

of a " Manual " of instruction and a work of reference. In view of this, the author has furnished

a detailed account of the disarticulated cranial bones, such as has been hitherto supplied in works
of a like kind.

The student, however, must not assume on this account that this section of the article should

be neglected. He will lind most (if the more important details described in the article on the

skull as a whole ; but he would do well to supplement his knowledge by a reference to the more
detailed account for information regarding the development, ossification, and variationa of the

individual bones.

OSSA CRANII.

(The Bones of the Skull.) '

Tlie kii'iu skull (cranium) is commonly employed to signify the entire

skeleton of the heud. This comprises the bony envelope which surrounds

the brain (cranium cerebrale), and the osseous structures which support the face

(ossa faciei).

The cnuiium cerebrale is composed of the occipital, the sphenoid, the ethmoid,

the frontal, the two parietals, and the two temporals, the inferior nasal conchae

(O.T. inferior turbinated bones), the lacrimals, the nasal, and the vomer—fifteen

bones in all.

The bones of the face (cranium viscerale, ossa faciei) include the following :

—

One single, viz., the mandible, and six bones, arranged in pairs, viz., the

maxillae, zygomatic (O.T. malar), palate—seven bones in all.

The hyoid bone is usually descril)ed along with the skull. If, in addition, the

bones of the middle ear, three on each side (malleus, incus, and stapes), are in-

cluded, the skeleton of the head consists of twenty-nine bones.

THE SEPARATE BONES OF THE SKULL.

Os Frontale.

The frontal bone, situated in the anterior part of the cranium, is a single

bone formed by the fusion in early life of two symmetrical halves. It consists

of a frontal part, which corresponds to the region of the forehead ; an orbital part,

which enters into the structure of the roof of the orbits; and a nasal part, which
assists in forming the roof of the nasal cavities.

Pars Frontalis.—The frontal part is the shell-like portion of the bone which

rises upwards above the orbital arches. Its external surface is rounded from side

to side and from above downwards. This convexity is most pronounced about

1^ inches above the orbital arches on either side of the median plane, constituting

what are known as the frontal tuberosities. These mark the original sites of

the centres from which the bone ossifies. The inferior margin ol this part is

formed on either side of the median plane by the curved supraorbital margin,

the lateral and medial extremities of which constitute the zygomatic process

(O.T. external angular) and the medial angular process, respectively. The
latter, which descends to a lower level than the former, articulates with the

lacrimal bon(% and is separated from its fellow by a rough articular surface

—the nasal notch—for the nasal and maxillary bones. The curve of the supra-

orbital margin varies in different individuals and races ; towards its medial third

' In catalogues of craniological collections the terms used are as follows :

—

Skull =entire skeleton of head, including the mandible.

Cranium = the skull, minus the mandible.
Calvaria =that part of tlie skull which remains after the bones of the face have been removed

or destroyed.
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it is crossed by a groove, often (25 per cent., Krause) converted into a foramen—the

supraorbital notch or foramen. Through this there pass the supraorbital nerve and
artery. Sometimes (16 per cent., Loja) a series of grooves, radiating upwards and
laterally, indicate the course of the nerve (Dixon). Above the supraorbital margin
the character of the bone displays marked differences in the two sexes : in the male,

above the interval between the two medial angular processes, there is usually

a well-marked prominence, called the glabella ; from this the fulness extends

laterally above the supraorbital margin, varying in degree and extent, and forming

the elevations known as the arcus superciliares (superciliary arches). The pro-

minence of these naturally reacts on the character of the supraorbital margins,

which are thicker and more rounded in the male than in the female. Passing

upwards over the glabella, the remains of the suture which originally separated

the two halves of the frontal bone can usually be seen ; above this point all trace

of the suture is generally obliterated.

Extending from the zygomatic process is a well - marked ridge, which

Frontal tuberosities

m 1 <• ^v^f\-\ fl^—^
Temporal line

Temporal surface ^ '^ ' • i^^W^

Superciliary arch

Zygomatic process (O.T. \<.,-jM^
Lateral angular process) 4^^p9 , „ -jjn.T-im-ic—

i

-^ ,^, ,

gF^ / 'L^^'W^M ^Glabella and remains of frontal suture

Supraorbital notch ^P^^)jjp®-J^ Medial angular process

For articulation with nasal bone

Frontal spine

Fig. 128.

—

The Frontal Bone (Anterior View).

curves upwards and slightly medially, then, turning backwards, it arches

across the lateral aspect of the bone. This is the linea temporalis, which serves

to separate the anterior surface of the frontal portion of the bone from its

temporal aspect. The latter (fades temporalis) forms the floor of the upper and
anterior part of the temporal fossa, and serves for the attachment of the temporal

muscle.

Pars Orbitalis.—The orbital part of the bone consists of two transversely

curved plates, each having the form of a sextant ; their medial edges, which are

irregular and formed of cellular bone, lie parallel to each other, and are

separated in their yjosterior half by the incisura ethmoidalis (ethmoidal notch),

in which the ethmoid bone is lodged. The edges of the notch on either side

are grooved in front and behind by the anterior and posterior ethmoidal foramina,

which are comyjleted when the ethmoid is ^Vt situ. The anterior transmits the

anterior ethmoidal branch of the naso-ciliary nerve and the anterior ethmoidal

vessels; the yjosterior, the posterior ethmoidal vessels and nerve. Anterior to the

ethmoidal notch is the nasal notch, from the centre of which the nasal process

projects downwards and forwards to terminate in the frontal spine, which lies

between, and articulates with the nasal bones and perpendicular part of the
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ethmoid. On each side of the Toot of this process the nasal part of the boue

is f'rooved obliquely from above downwards and forwards, and enters into the

formation of the narrow roof of the nasal cavity. Anteriorly the nasal notch

is limited by a rough, U-shaped serrated surface, the medial part of w'hich

articulates witli the nasal bones, whilst on each side the frontal processes of the

maxillie are uniteil with it. Behiiul this, amid the broken cells, the passages

leading into the frontal sinuses are readily distinguished, and here the medial

edc^es of the orbital plates articulate with the lacrimal bones. The orbital part

is thin and brittle. Anteriorly, it is bounded by the supraorbital margin, just witliin

which, midway between the medial angular process and the supraorbital notch, there

is a small shallow depression (fovea trochlearis), often displaying a spicule of bone

arisin" from its edge (trochlear spine), which affords attachment to the pulley of

the superior oblique muscle of the eyeball. Laterally, the orbital part is overhung by

the supraorbital margin and the zygomatic process, and in the hollow so produced

{fossa <jland nice lacrimidis) the lacrimal gland is lodged. The extremity of the

zygomatic process articulates with the frontal process of the zygomatic bone

Foi- articulation with
small wing of sphenoifl

Sagittal sulcus and attach-
ment of falx cerebri

Orbital surface.

Temporal surface

Zygomatic process (O.T.

Lateral angular)

Groove for meningeal artery

Surface for articula-

tion with great wing
of sphenoid

Fossa for the lacrimal
L'land

Ethmoidal foramina

Supraorbital notch

Trochlear pitEthmoidal notch

Frontal sinus

Xasal surface T Nasal notch

Frontal spine

Fig. 129.

—

The Fkontal Bone as seen fro.m below.

Behind this the irregular edge of the orbital surface is united with the great wing
of the sphenoid by a triangular area, which also extends on to the inferior aspect

of the temporal surface of the frontal bone. The apex of the orbital surface,

for the space of about half an inch, articulates with the small wing of the sphenoid.

Tiie cerebral surface of the bone forms a fossa in which lie the anterior and
inferior parts of the frontal lobes of the cerebrum, the gyri of which impress their

form on the inner table of the boue. Here, too, on each side of the median plane,

may be seen depressions, called foveolae granulares, for the lodgment of arachnoideal

granulations (O.T. Pacchionian bodies). Descending from the centre of the upper

margin of the bone is a median groove, the sagittal sulcus ; narrowing below, this

ends in a ridge—the frontal crest—which nearly reaches the anterior part of the

ethmoidal notch, where it teruunates in a small orifice, the foramen csecum, placed

usually in the suture between the anterior part of the ethmoid and the frontal.

This foramen may, or may not, transmit a small vein from the nose to the com-
mencement of the superior sagittal sinus. This sinus, which is interposed between
the layers of the falx cerebri, is at first attached to the frontal crest, but subse-

quently occupies the sagittal sulcus. Deeply concave from side to side and from

above downwards, the lateral parts of the fossa are seen to be traversed by small

grooves for the anterior branches of the middle meningeal arteries. Below, the
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orbital parts bulge into the floor of the fossa, so that the ethmoidal notch appears

in a depression between them. On each side of the notch faint grooves for the

meningeal branches of the ethmoidal vessels may be seen. The circumference of the

fossa is formed by the serrated edges of the bone which articulate with the parietals

above, and on each side below with the great and small wings of the sphenoid.

Connexions.—The frontal articulates witli twelve bones, viz., 'posteriorly, witli the parietals

and sphenoid ; laterally, with the zygomatic bones ; inferiorly and medially, with the nasals,

maxillae, lacrimals, and ethmoid.

Ossification.—Ossification begins in membrane from one centre for each half. This

makes its appearance about the sixth or seventh week in the region above the processus

zygomaticus. From these the two halves of the frontal

part of the bone are developed, and by extension

medially and posteriorly from their lower part the

orbital parts are also formed. Serres, Rambaud
and Renault, and v. Ihering describe the occurrence

of three pairs of secondary centres somewhat later :

one pair for the frontal spine, on either side of the

foramen caecum ; a centre on either side in cor-

respondence with the position of each trochlear

pit ; and a centre for each zygomatic process.

Fusion between these secondary and the primary

centres is usually complete about the sixth or seventh

month of foBtal life. At birth the two symmetrical

halves of the bone are separated by the metopic

suture, obliteration of which, commencing as a rule on

a level with the frontal tubera, gradually takes place,

so that about the fifth or sixth year it is more
or less completely closed, traces only of the suture

being left above and below. In about 8 per cent,

of Europeans, however, the suture persists in the

adult (see ante). At birth the supraorbital notches

lie near the middle of the supraorbital margins.

Traces of the frontal sinuses may be met with about the second year, but it is only

about the age of seven that they can be definitely recognised. From that time they

increase in size till the age of puberty, subsequent to which time they attain their

maximum development.

Fig. 130.

—

Ossification of the Fkontal
Bone.

a, Aletopic suture still open, b, Position of

primary centre, c, Centre for zygomatic
process, d. Centre for region of trochlea.

e, Centres for nasal spine.

lOssa Parfetalia.

The parietal bones, two in number, are placed one on each side of the vault

of the cranium. Each articulates with its fellow of the opposite side, the frontal

anteriorly, the occipital posteriorly, and the temporals and sphenoid inferiorly.

Each bone possesses a parietal and cerebral surface, four borders, and four angles.

The parietal surface, convex from above downwards and from before backwards,

displays towards its centre a more or less pronounced elevation, the tuber parietale

(parietal tuberosity). This marks the position of the primitive ossific centre, and

not infrequently corresponds to the point of maximum width of the head. At a

variable distance from the inferior border of the bone, and more or less parallel to

it, two curved lines can usually be distinguished. The linea temporalis superior

(superior temporal line) serves for the attachment of the temporal fascia ; the linea

temporalis inferior (inferior temporal line) defines the attachment of the temporal

muscle, the extent and development of which necessarily determine the position of

the line. The surface below the lines enters into the formation of the floor of the

temporal fossa, and is called the planum temporale; it also affords origin to the

temporal muscle, and is often faintly marked by grooves which indicate the

course of the middle temporal artery.

Above the superior temporal line the bone is covered only by the tissues of the

scalp. Near its superior border, and about an inch from its occipital angle,

is the small parietal foramen, through which pass a small arteriole and an

emissary vein.



THE TARIETAL BONES. 119

The cerebral surface is concave from l)etbie Itackwards and from above down-
wards. It is moulded over the surface of portions of the frontal, parietal, occipital,

and temporal lobes of the cerebrum, and displays impressions corresponding to the

arrangement of the gyri of those portions of the brain. It also presents a series

of well-marked grooves for the lodgment of the veins which accompany the

])ranche8 of the middle meningeal artery (F. Wood Jones); these radiate from the
sphenoidal angle of the bone, the best marked running upwards at some little

distance behind and parallel to its anterior l)order. Close to the superior margin
there is a series of depressions for aracliiioideal granulation8,and there also the bone is

channelled so as to form a groove (sulcus sagittalis), which is completed by articulation

with its fellow of the o]iposite side. Within the groove lies the superior sagittal

venous sinus, and to its edges the falx cerebri is attached. Close to the mastoid
angle there is also a curved groove, the transverse sulcus, in which the, highest

portion or beiul of the transverse venous sinus is lodged.

Parietal tuberosity

I'ariftal

lorariuMi

For articulatioi

with the occipital

I'lmital angle

uperior temporal line

Iiifenor temporal line

bin .It IK Illation with tlie

great wing of the sphenui<l

For articulation with
the squamous jiart of
tlie tem)ioral

Mastoid angle
^^ ' For articulation with the mastoid part of the t«niporaI

Fig. 131.—The Right Parietal Bone (Parietal Surface).

The anterior, superior, and posterior borders are deeply serrated. The anterior

border articulates with the frontal bone, forming with it the coronal suture. In

the superior part of this suture the frontal bone overlaps the parietal, while the

parietal overlies the frontal below. The posterior border is united with the

occipital bone to form the lambdoid suture. The superior border articulates with

its fellow of the opposite side by means of the sagittal suture ; in the interval

between the two parietal foramina this suture is usually simple in its outline.

The frontal angle is almost rectangular, and corresponds to the site of the anterior,

fontauelle. The occipital angle, usually more or less rounded, corresponds in

position to the posterior fontanelle. The inferior border (margo squamosus) is

curved, and shorter than the others ; it lies between the sphenoidal and mastoid

angles. Sharp and bevelled at the expense of its outer table, it displays a fluted

arrangement, and articulates with the squama temporalis of the temporal bone.

The sphenoidal angle, pointed and prominent, articulates with the great vnng

of the sphenoid. It is wedged into the angle formed by the union of that bone

with the frontal, and is bevelled at the expense of its inner table anteriorly,

8«
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whilst iuferiorly it is thinned at the expense of its outer table. The mastoid

angle is a truncated angle lying between the inferior and posterior borders.

It is deeply serrated, and articulates with the mastoid part of the temporal

bone. Not infrequently there is a channel in this suture which transmits an

emissary vein.

Connexions. — The parietal bone articulates with its fellow, with the frontal, occipital,

mastoid and squama temporalis of the temporal, and with the sphenoid. Occasionally the

Depressions for .araclinoideal granulations (O.T. Pacchionian bodies)

Frontal an

Pauetal foramen

Gioove for

superior
agiltal sinus

Sphenoidal angle Grooves for middle meningeal
artery and accompanying
venous sinuses

Mastoid angle

Groove for transverse sinus (O.T. lateral sinus)

Fig. 132.

—

The Eight Parietal Bone (Cerebral Surface).

sphenoidal angle may not reach the great wing of the sphenoid, being separated from it by the

articulation of the squama temporalis of the temporal with the frontal (Appendix B).

Ossification.—Ossification takes place in membrane by two centres which appear,

one superior to the otlier, about the end of the second month (Toldt) ; these gradually

unite during the fourth month and correspond in position to the future tuber parietale

;

from this, ossification spreads in a radial manner towards the edges of the bone,

where, however, the membranous condition still for some time persists, constituting the

fontanelles. These correspond in position to the angles of the bone. Ossification is also

somewhat delayed in the region of the parietal foramina, constituting what is known as the

sagittal fontanelle, a membranous interval which is not infrequently apparent even at birth.

Os Occipitale.

The occipital bone, placed at the posterior and lower part of the cranium,

consists of four parts, arranged aronnd a large oval hole, called the foramen

occipitale magnum or foramen magnum. At birth these parts are all separate.

The expanded curved plate posterior to the foramen is the squama occipitalis

or tabular part. The thick rod-like portion anterior to the foramen is the basilar

part. On either side the foramen is bounded by the lateral or exoccipital parts.
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The squamous or tabular part in shape somewhat resembles a Gothic

arch, and is curved from side to side and from above downwards. It forms

iuferiorly a small portion of the middle of the posterior Ijoundary of the foramen

magnum, and unites, on each side of that, with the lateral parts of the bone.

About the centre of the parietal surface of the squama there is a prominence

—the external occipital protuberance, which varies considerably in its distinct-

ness and })rojecLioii, ami serves for the attachment of the ligamentum nuchai.

From the protuberance, on each side, two lines curve towards tlie lateral angles

of the bone. These are known respectively as the linea nuchae suprema and linea

nuchae superior (highest and superior curved lines). To the upper of the two the

galea aponeurutica (O.T. epicranial aponeurosis) is attached, whilst the lower serves

for the origin of the trapezius and occipitalis muscles and the insertion of the sterno-

mastoid and splenius capitis muscles. The two lines togetlier serve to divide the

external surface of the squama occipitalis into an upper or occipital plane (planum

occipitale), covered by the hairy scalp, and a lower or nuchal plane (planum nuchale),

serving for the attachment of the fleshy muscles of the back of the neck. As a rule

the occipital part bulges backwards beyond the external occipital protuberance

;

exceptionally, however, the latter process is the most outstanding part of the bone.

The nuchal plane, irregular and rough, is divided into two halves by a

median ridge— the crista occipitalis externa (external occipital crest), which extends

from the external occipital protuberance above to the posterior border of the foramen

magnum Ijelow. Crossing the nuchal plane transversely, about its middle, is the

inferior nuchal line, which passes laterally and forwards on each side towards

the corres[)onding lateral margin of the bone. The areas thus marked out serve

for the attachment of the semispinalis capitis (O.T. complexus), obliquus capitis

superior, and rectus capitis posterior major and minor muscles.

The cerebral surface of the squamous part, concave from side to side and from

above downwards, is subdivided into four fossse by a crucial arrangement of grooved

ridges called the eminentia cruciata. In the upper pair of fossae are lodged the

occipital lobes of the cerebrum, whilst the hemispheres of the cerebellum occupy

the lower pair. Near the centre of the eminence is the internal occipital

protuberance, an irregular elevation, the sides of which are variously channelled

according to the disposition of the grooves. Leading from this to the posterior

margin of the foramen magnum is a sharp and well-defined ridge, the internal oc-

cipital crest, which serves for the attachment of the falx cerebelH, a process of dura

mater which separates the two cerebellar hemispheres. Passing upwards from the

internal occipital protuberance there is usually a well-marked ridge, to one or other

side of which, more frequently the right (with the bone in the normal position and

viewed from behind), there is a well-defined groove, the sulcus sagittalis, the lateral hp
of which is generally less prominent. Placed in this groove is the superior sagittal

venous sinus, and attached to the lips is the falx cerebri. At right angles to the

foregoing, and at the level of the internal occipital protu])erance, with which they

become confluent, are two transverse grooves, the sulci transversi. These grooves,

which have more or less prominent edges, lie between the upper and lower pairs of

fossie, and serve for the attachment of the tentorium cerebelli as well as the lodgment

of the transverse sinuses. Commonly the right transverse groove is confluent with

the groove to the right side of the median ridge, but exceptions to this rule are not

infrequent. The angle formed by the union of the venous sinuses lodged in these

grooves constitutes the confluens sinuimi (O.T. torcular Herophili), which may
accordingly be placed to one or other side of the internal occipital protuberance,

more frequently the right ; in some cases, however, it may occupy a central position.

The superior angle, more or less sharp and pointed, is wedged in between tlie

two parietal bones, its position corresponding to the site of the posterior fontanelle.

Each lateral angle articulates with the posterior extremity of the mastoid portion

of the corresponding temporal bone. The superior borders, much serrated, articu-

late with the parietal bones, forming the lambdoid suture ; and the lateral borders,

extending from tlie lateral angles to the jugular process inferiorly, are connected

with the medial sides of the mastoid portions of the temporals.

The lateral (or exoccipital) parts of the occipital bone are placed on
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either side of the foramen magnum ; on their inferior surfaces they bear

the occipital condyles by means of which the skull articulates with the atlas.

Of elongated oval form, the condyles are so disposed that their anterior

extremities, in line with the anterior margin of the foramen magnum, lie closer

together than their posterior ends, which extend as far back as the middle

of the lateral borders of the foramen. Convex from before backwards, they

are skewed so that their surfaces, which are nearly plane from side to side, are

directed slightly laterally. Each is supported on a boss of bone, pierced by the

canalis hypoglossi (hypoglossal canal), which opens obliquely from within outwards

and forwards on the floor of a fossa, situated just lateral to the anterior part

of the condyle. The canal transmits the hypoglossal nerve, together with

a meningeal branch of the ascending pharyngeal artery and its companion

Hisliest nuchal line
External occipital protuberance

Superior nuchal line

Canalis condy-
loideus

Jugular process

.Jugular notch

Condyle

Pharyngeal tubercle

Fig. 133.

—

The uccuital Bone as seen from Below.

veins. Behind the condyle is placed the fossa condyloidea, in the floor of which

the canalis condyloideus (condyloid canal) frequently opens. Through this a

vein passes which joins the transverse sinus. The fossae lodge the posterior

margins of the superior articular processes of the atlas in extension of the head.

The edge of the foramen magnum immediately posterior to the condyle is often

grooved for the passage of the vertebral artery around it. Jutting laterally

from the posterior half of the condyle is a stout bar of bone, serially homologous

with the vertebral transverse processes ; this is the processus jugularis ;
deeply

notched in front (jugular notch) its anterior border is free and rounded, and

forms the posterior boundary of the jugular foramen. Curving laterally from this

margin, in line with the hypoglossal canal, there is often a small pointed projection,

the processus intrajugulare, which serves to divide the jugular foramen into two

compartments. Laterally, the jugular process articulates by means of a synchon-

drosis with the jugular surface of the petrous part of the temporal bone. Its

posterior border is confluent witli the inferior and lateral portion of the occipital

squama, and its under surface is rough and tubercular for the attachment of the
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rectus capitis lateralis muscle. The sujjerior aspect of the lateral part displays on

either side of the foramen magnum an elevated surface of oval f(jrm, the tuberculum

jugulare ; tliis corresponds to the part of the bone which bridges over the canal

for the hypoglossal nerve. Its upper surface in many instances displays an oblique

groove running across it ; in this are lodged the glosso-pliaryngeal, vagus, and
accessory nerves. The jugular process is deeply grooved superiorly for the lower

part of the transverse blood sinus, or sigmoid sinus, which here turns round the

anterior free edge of the process into the jugular foramen. Joining this, close to

its medial edge, is the opening of the canalis condyloideus, when it exists.

The basilar part of the occipital bone extends forwards and upwards
from the foramen magnum. Its anterior extremity is usually sawn across, as,

liroovi' for suix^rior .s«j,'ilUU sinus and falx cerebri
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Occipital Bone (Cerebral Surface).

after adult life, it is necessary to sever it in this way from the sphenoid, the

cartilage uniting the two bones having by that time become completely ossified.

Broad and thin posteriorly, it narrows at the sides and thickens vertically in front

where on section it displays a quadrilateral form. Projecting from its inferior

surface some little distance anterior to the foramen magnum is the pharyngeal

tubercle to which the fibrous raphe of the pharynx is attached ; on each side of

this the longus capitis and rectus capitis anterior muscles are inserted. The
superior surface forms a broad and shallow groove which slopes upwards and

forwards from the thin anterior margin of the foramen magnum ;
in this rests the

medulla oblongata. On each side its lateral edges are faintly grooved for the

inferior petrosal venous sinuses, below which the lateral aspect of the bone is rough

for the cartilage which unites it to the sides and apex of the petrous part of the

temporal bone.

The foramen magnum, of oval shape, so disposed that its long axis lies in the
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sagittal plane, is of variable size and form. The plane of its outlet differs somewhat
in individual skulls ; in most instances it is directed inferiorly and slightly

forwards. Anteriorly the condyles encroach upon it, and narrow to. some extent its

transverse diameter. To its margins are attached the ligaments which unite it

with the atlas and epistropheus. Through it pass the lower part of the medulla
oblongata where it becomes continuous with the spinal medulla, the two vertebral

arteries, the accessory nerves, and the blood-vessels of the meninges of the superior

part of the spinal medulla.

Connexions.—The occipital bone articulates with the two parietals in front and above, with
the sphenoid in front and below, with the two temporals on either side, and with the atlas

by means of its condyles.

Ossification.—The major part of the bone ossifies in cartilage, the upper part of the

squamous part (interparietal) alone developing in membrane. The basilar part begins to

ossify about the sixth week of foetal life by the appearance of two centres, one in front of

the other; the anterior, according to Albrecht, constitutes the basiotic, the posterior the

hasi-occipital. These two centres—which there is some reason to believe may themselves

be formed by the fusion of pairs placed laterally—rapidly unite, so that the occurrence of

one centre alone is frequently described. From this the anterior part of the margin of the

foiumen magnum is formed, together with a portion of the anterior end of the occipital

condyle on either side. It helps also to close up the front of the hypoglossal canal.'

Union with the condylic parts is complete about the fourth or fifth year. Ankylosis

between the basi-occipital and the sphenoid takes place about the twenty-fifth year.

The lateral, condylic, or exoccipital parts begin to ossify from a single centre about

the end of the second month of foetal life. The notch for the hypoglossal canal appears

about the third month. From this centre is formed the posterior three-fourths of the

occipital condyle. The exoccipital is usually completely fused with the squamous part

by the third year or earlier.

As already noted, the squamous part consists of two parts—the one above the occipital

crest, the other below it; the former develops in

membrane, the latter in cartilage. In a three-months
foetus this difference is very characteristic. The
cartilaginous part {supra-occipital) begins to ossify

from two centres (four according to Mall) about the

sixth or seventh week, which rapidly join to form an

elongated strip placed transversely in the region of

the occipital protuberance. The centres for the

superior part (inteiyarietal) appear later. According
to Maggi (Arch. Ital. Biol, tome 26, fas. 2, p. 301),

they are four in number, of which two placed on
either side of the median plane appear about the

second month. The other pair, placed laterally, are

seen about the third month ; fusion between these

takes place early, but their disposition and arrange-

ment explain the anomalies to which this part of the

bone is subject. The medial pair may persist as

separate ossicles, or fuse to form the pre-interparietals,

whilst the lateral pair may remain independent of the

supra-occipital as a single or double interparietal

bone, the former, owing to the frequency of its

occurrence in Peruvian skulls, being sometimes
called the "os Incoe." Union between the supra-

occi])ital and the interparietal elements occurs about
the third or fourth month ; but evidence of their

separation is frequently met with even in the adult

e, Fissure between '.su])ra-occipital by the persistence of a transverse suture running
and interparietal

; /, Interparietal (from inwards from each lateral angle of the squamoiis part,

pariitaTs""^ '
^'

^''''"''' ^''^''^^° "'*^''
«^' ^« ^^^^^ mentioned, there may be an os Inca3.

The supra-occipital forms a small part of the
median part of the posterior Ijorder of the foramen magnum, though here a small inde-

pendent centre, known as the ossicle of Kerkring, is occasionally met with. Other
independent centres are sometimes seen between the supra-occipital and the exoccipitals.

Fig. 1.35.

—

Ossification of tiik Ocoii'ital

Bone.

a. Basilar centre ; b, Exoccipital ; c, Ossicle

of Kerkring ; d, Supra-occipital (from car-

tilage)
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At birth the occipital consists of four parts— the intei-parietal and supra-occipital

combined, the basi-occipital, and the exoccipitals—one on either side.

Ossa Tcmporalia.

The temporal bone lies about the cuntre of Liie interior half of eitiier side

of the skull, and outers largely into the formation of the cranial base. It is

placed between the occipital behintl, the parietal above, the sphenoid in front, and
the occipital and sphenoid mtidially and below. At birth it consists of three parts

—a superior and lateral part, the squama temporalis or squamous portion ; a medial

and posterior portion, the petro-mastoid, which contains the parts specially associated

with the sense of hearing, together with the organ associated with equilibration
;

and an inferior or tjrmpanic part, from wliich the floor and anterior wall of the

external acoustic meatus is formed.

The squamous part consists of a thin shell-like plate of bone placed

vertically, having a medial (cerebral) and a lateral (temporal) surface and a

semicircular upper border. Inferiorly, behind, and medially it is fused in early

life with the petro-mastoid portion by means of the squamoso-mastoid and the

petro-squamosal sutures, traces of which are often met wnth in the adult bone

;

whilst below and in front it is separated from the tympanic and petrous parts by
the petro-tympanic fissure. Its temporal surface, smooth and slightly convex, enters

into the formation of the floor of the temporal fossa, and affords attachment to

the temporal muscle. Near its posterior part it is crossed by one or more ascending

grooves for the branches of the middle temporal artery. In front and below there

springs from it the processus zygomaticus. This arises by a broad attachment,

the surfaces of which are inferior and superior ; curving laterally and forwards, it

then becomes twisted and narrow, so that its sides are turned medially and
laterally and its edges directed upwards and downwards. Anteriorly it ends in an
oblique serrated extremity which articulates with the temporal process of the

zygomatic bone. Posteriorly the edges of the zygomatic process separate and are

termed its roots. The superior edge, which becomes the posterior root, sweeps back
above the external acoustic meatus, and is continuous with the supra-mastoid

crest, which curves backwards and slightly upwards, and serves to define the limit

of the temporal fossa posteriorly. Internally this ridge corresponds to the level of

the floor of the middle cerebral fossa. The inferior edge turns medially and
constitutes the anterior root ; the inferior surface of this forms a transversely

disposed rounded ridge, the tuberculum articulare (O.T. articular eminence), behind

which there is a deep hollow, the fossa mandibularis, limited posteriorly by the

tympanic plate, and crossed at its deepest part by an oblique fissure, the petro-

tympanic fissure. This cleft, which is closed laterally, transraits about its middle
the tympanic branches of the internal maxillary artery, and lodges the anterior

process of the malleus. At its medial end the lips of this fissure are frequently

separated by a thin scale of bone, a dowugrowth from the tegmen tympani
of the petrous part, which here separates the tympanic from the squamous elements,

forming in its descent the major part of the lateral wall of the osseous auditory

tube, which lies just medial to it. Between this scale of bone and the posterior

edge of the fissure there is a canaliculus, which transmits the chorda tympani
nerve. The part of the mandibular fossa in front of the petro-tympanic fissure,

as well as the articular tubercle, articulates with the condyle of the mandible,

through the medium of the interposed articular disc. The part of the fossa

behind the fissure is non-articular and lodges a portion of the parotid gland. At
the angle formed by the divergence of the two roots of the zygoma, in correspond-

ence with the lateral part of the articular tubercle, there is a rounded tubercle :

to this are attached the fibres of the temporo-mandibular ligament of the mandibular
joint. In front of the medial end of the articular tubercle there is a small

triangular surface, limited anteriorly by the edge of the anterior root, and medially

by a thick serrated margin which articulates with the temporal aspect of the

great wing of the sphenoid ; this area forms part of the roof of the infra-temporal

(O.T. zygomatic) fossa. Just anterior to the external acoustic meatus and projecting
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downwards from the inferior surface of the posterior root there is a conical process,

called the post-glenoid tubercle, which forms a prominent anterior lip to the lateral

extremity of the petro-tympanic fissure ; it is the representative in man of a

process which is developed in some mammals and prevents the backward displace-

ment of the mandil.)le. By some anatomists it is referred to as the middle root

of the zygomatic process.

The zygomatic process by its inferior margin and medial surface gives origin to

the masseter muscle, whilst attached to its superior edge are the layers of the

temporal i'ascia. Behind the external acoustic meatus, and below the supramastoid

crest, the squamous element extends downwards as a pointed process, which assists

in forming the roof and posterior wall of the external acoustic meatus, where
it unites inferiorly with the tympanic part and forms the lateral wall of a hollow

within called the tympanic antrum. In the adult this process is occasionally
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sharply defined posteriorly by an oblique irregular fissure, the remains of the masto-
squamosal suture. Immediately above and behind the external acoustic meatus
there is often a little projecting spur of bone, the spina suprameatum (supra-

meatal spine).

The angular recess between this process and the supramastoid crest is of interest

surgically, and is known as Macewen's triangle. The same authority has pointed out that

the masto-squamosal suture frequently remains open till puberty and occasionally after,

and may be of importance as a channel along which infective processes may extend.

The cerebral surface of the squamous part, less extensive than the parietal aspect

owing to the bevelling of the parietal border, is marked by the impression of the
gyri of the temporal lobe of the cerebrum, and is limited below by the petro-

squamosal suture, the remains of which can frequently be seen. It is crossed in

front by an a.scending groove for the posterior branch of the middle meningeal
artery and its accompanying vein, branches from which course backwards over the
bone in grooves more or less parallel to its parietal border.

The parietal border of the squamous part is curved, sharp, and scale-like, being
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bevelled at the expense of its inner^table, except in Trout, where the margin is thick

and stout. There it articulates with the great wing of the sphenoid, its union with
that bone extending to near the anterior part of the summit of the curve, behind
whicli it is united to the parietal, overlapping the squamous border of that bone;
j)08teriorly the free margin of the squamous part ends at an angle formed between
it and the Uiastoid process called tlu' incisura parietalis.

Pars Tympanica.—The tsnnpanic part of ilie temporal bone forms the anterior,

lower, and part of the posterior wall of the external acoustic meatus. Bounded
in front and above by the petro-tympanic fissure, it forms the posterior wall of the
non-articular part of the mandibular fossa. Fused medially with the petrous part, its

lower edge, sharp and well defined medially, splits to enclose the root of the

projecting styloid process, and is hence called the vagina processus styloidei

(sheath of the styloid process). Laterally it unites with the anterior part of the
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mastoid process, and higher up with the descending process of the squamous part, from

both of which it is separated by the tympano-mastoid fissure, through which the

auricular l»ranch of the vagus escapes. Its free border, which forms the anterior,

lower, and part of the posterior border of the external acoustic meatus, is usually

somewhat thickened and rough, and serves for the attachment of the cartilaginous

part of the external acoustic meatus.

The meatus acusticus extemus (external acoustic meatus) is directed obliquely

inwards and a little forwards, and describes a slight curve, the convexity of which

is directed upwards ; of oval form, its long axis, close to its orifice, is nearly vertical,

but, as it passes inwards, inclines somewhat forwards so as to give a twist to the

canal. * The depth of the canal to the attachment of the membrana tympani
averages from 14 to 16 mm. The superior margin of the outer orifice overhangs

considerably the lower edge, but owing to the obliquity of the inner aperture, to

which the membrana tympani is attached, the superior wall of the osseous canal

only exceeds the length of the lower wall by one or two millimetres.

Pars Petrosa et Pars Mastoidea.—The petro-mastoid part of the temporal
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bone, of pyramidal form, is fused to the medial aspect of the tympanic and
squamosal portions, extending behind them, however, to form the well-marked and
prominent mastoid process, which lies posterior to the external acoustic meatus.

This process forms a nipple-like projection, the size of which differs considerably

in different individuals. Usually larger in the male than in the female, its rough

lateral surface and inferior border serve for the insertions of the sterno-mastoid,

splenius capitis, and longissimus capitis muscles. Within and below its

pointed extremity there is a deep groove (incisura mastoidea), usually well marked,

which gives origin to the posterior belly of the digastric muscle ; whilst lying to the

medial side of this, and separated from it by a more or less well-defined rough ridge,

there can oftentimes be seen a narrow, shallow furrow, which indicates the course

of the occipital artery. The medial surface of the mastoid portion forms, in part, the

side wall of the posterior cranial fossa, in which the cerebellar hemispheres are lodged.

Coursing across this aspect of the bone there is a broad curved groove, the con-

vexity of which is directed forwards and lies in the angle formed by the base of the

petrous part and its fusion with the mastoid portion. The depth to which the bone

is here channelled varies considerably, and is important from a surgical standpoint^

as herein lies the sigmoid portion of the transverse venous sinus. Anteriorly

che mastoid is fused with the descending process of the "squamosal above, and below,

where it is united with the tympanic, it enters into the formation of the posterior

wall of the external acoustic meatus and the cavity of the tympanum. Above,

its free margin is rough and serrated, and articulates with the mastoid angle

of the parietal; behind and below it articulates by a jagged suture with the

occipital. Traversing this suture, or near it, is the mastoid foramen, which

transmits a vein from the transverse sinus to the cutaneous occipital vein, together

with a small branch of the occipital artery.

The petrous part (pyramis) of the petro-mastoid is of the form of an elongated

three-sided pyramid. By its base it is united obliquely to the inner sides of the

squamosal and tympanic parts. Its apex is directed medially, forwards, and a little

upwards. Its three surfaces are arranged as follows :—The anterior looks upwards,

slightly forwards, and a little laterally, and forms part of the floor of the middle

cranial fossa. The posterior is directed backwards and medially, and forms part of

the anterior wall of the posterior cranial fossa. The inferior is seen on the under

surface of the base of the skull, and is directed downwards. The margins or angles

are named respectively anterior, superior, and posterior.

The anterior margin is short, and forms an acute angle with the anterior part of

the squamous part ; within this angle is wedged the spinous part of the great wing

of the sphenoid. Here, too, the osseous part of the auditory tube (canalis musculo-

tubarius) may be seen leading backwards and laterally from the summit of the angle

to reach the anterior part of the cavity of the tympanum in the interior of the bone.

On looking into it, the canal is seen to be divided into two unequal parts by

an osseous partition, the septum tubae. The upper compartment, the smaller of

the two (semicanalis m. tensoris tympani), lodges the tensor tympani muscle,

whUst the lower (semicanalis tubse auditivae) forms the osseous part of a channel

(the auditory tube), which serves to conduct air from the pharynx to the

tympanic cavity.

The posterior margin is in part articular and in part non-articular. Pos-

teriorly and laterally it corresponds to the upper margin of an area on the inferior

surface with which the extremity of the jugular process of the occipital articulates.

In front of that it is irregularly notched, and forms the free anterior edge of the

jugular foramen, medial to which it has a sharp curved ^border, often grooved,

reaching to the apex. This groove, which is completed by articulation with the

side of the basi-occipital, lodges the inferior petrosal venous sinus.

The superior margin is a twisted edge which is continuous with the upper

margin of the sulcus for the transverse sinus posteriorly, and anteriorly and

medially reaches the apex of the bone. Eunning along it there is usually a

well-marked groove for the superior petrosal venous sinus, and near its medial

extremity it is slightly notched for the passage of the trigeminal nerve. Along

the entire length of this border the tentorium cerebelli is attached.
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On the inferior surface of the petrous part, which is bounded in front by the

anterior border medially, tbe tympanic ])late laterally, and Vjebind by the posterior

border, tiie following structures are to be noted :—Sprin^^dng from and sur-

rounded by its sheath is the slender and pointed processus styloideus, the length

of which varies much. Projecting downwards and slightly forwards and medially,

it affords attachments for the stylo-glossus, stylo-hyoid, and stylo-pharyngeus

muscles, as well as the stylo-hyoid and stylo-mandibular ligaments. Just behind

it, and between it and the mastoid process, is the foramen stylomastoideum, which
lies at the anterior end of the mastoid groove, and transmits the facial nerve and
the stylo-mastoid artery. Just medial to the styloid process there is a deep, smooth,

excavated hollow, the fossa jugularis, which is converted into a foramen (jugular)

by articulation with the occipital bone. Behind and lateral to the fossa there is a

small quadrilateral surface
I'eiiiporal surface

Infra-toniporal or zy«omatic siirfac

Canal for chorda tyinpani
Auditory tube

Carotid canal

Tubercle-

Tubcrculum
articulare

Mandibular,
fossa

Petro-tyniiwnic -

external fissure

Tympanic plate

Ext. acoustic meatus
styloid process

Sheath of styloid

process
Petro-niastoid fissure

Stylo-inasto
foramen

Mastoid process

Mastoid notch for

digastric muscle

Groove for

occipital artery

(iroove for

inferior

I'l-trosal sinus
.\queduct of cochlea
iexlernal oriMce of)

( anal for the
tympanic nerve

.Jugular fo.ssa

Canal for auricular
branch of vagus

Jugular surface

of variable size, which is

united to the extremity of

the jugular process of the

exoccipital by a synchon-

drosis. Inside the fossa, on

its lateral part, or placed

on its lateral border, is the

opening of a small canal

(canaliculus mastoideus;,
wliich passes laterally to

open into the canalis facialis,

and transmits the auricular

branch of the vagus, which
ultimately escapes through

the petro-mastoid fissure

(vide ante). In front of

the jugular fossa and separ-

ated from it by a sharp

crest, and just medial to the

tympanic plate, is the circu-

lar opening of the inferior

orifice of the canalis caroti-

cus (carotid canal). Directed

at first upwards, this canal

bends at a right angle and
turns forwards and medially,

lying parallel to the anterior

angle ; reaching the anterior

part of the apex of the bone,

it opens in front by an
oblique ragged orifice.

Through the canal the internal carotid artery, accompanied by a plexus of

sympathetic nerves, passes into the cranium. On the ridge of bone separating the

jugular fossa from the carotid canal is the opening of the canaliculus tympanicus,

through which the tympanic branch of the glosso - pharyngeal nerve passes to

reach the tympanum. Within the orifice of the carotid canal other small openings
(canaliculi carotici tympanic!) may be noticed which afford passage to the tympanic
branches of the internal carotid artery and carotid sympathetic plexus. Occupy-
ing the interval posteriorly and medially between the jugular fossa and the carotid

canal is a V-shaped depression on the fioor of which and close to the posterior

border is the orifice of the apertura externa aquaeductus cochleae (aqueduct of

the cochlea). In the fossa is lodged the petrous ganglion of the glosso-pharyngeal

nerve, and the aqueduct transmits a tubular prolongation of the dura mater,

which forms a channel of communication between the perilymph of the cochlea

and the subarachnoid space. A small vein also passes through it. In front

of and medial to the orifice of the carotid canal the inferior surface of the

Fia. 138.

—

The Right Temi'Oral Bone seen from below.

The squamo-zygoniatic part is coloured blue ; the petro-mastoid, red.

The tympanic portion and styloid process are left uucoloured.
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apex of the bone corresponds to a rough quadrilateral surface which forms the
floor of the carotid canal, and also serves for the attachment of the cartilaginous

part of the auditory tube as well as the origin of the levator veli palatini muscle
;

elsewhere it has attached to it the dense fibrous tissue which fills up the cleft

(petro-basilar fissure) between it and the basilar part of the occipital bone.

The anterior surface of the petrous part bears the impress of the gyri of the
lower surface of the temporal lobe of the cerebrum, which rests upon it ; in addition,

there is a distinct but shallow depression (impressio trigemini) near the apex,
corresponding to the roof of the carotid canal ; in this is lodged the semilunar
ganglion on the sensory root of the trigeminal nerve. Lateral to the middle
of the anterior surface, and close to its superior border, is the elevation
(eminentia arcuata), more or less pronounced, which marks the position of the
superior semicircular canal, here developed within the substance of the bone. A little

Tympanic antrain, the medial
wall of which is' related to the

lateral semicircular canal

Ml ha) part of posterior wall of external
acoubtic meatus left m stt.u

Points to the recessus epitympanicus

Fenestra cochleae

Ma->toid aii-cellb

Facial nerve

Facial canal laid open, displaying the facial nerve within

Fig. 139.

Preparation to display tlie position and relations of the tympanic antrum. The greater part of the posterior

wall of the external acoustic meatus has been removed, leaving onlj' a bridge of bone at its medial ex-

tremity ; under this a bristle is displayed, passing from the tympanic antrum through the iter to the

cavity of the tympanum.

in front of this, and in line with the angle formed by the anterior border and the

squamous part, is the slit-like opening of the hiatus canalis facialis, within the

projecting lip of which two small orifices can usually be seen. These are the

openings of the canalis facialis; if a bristle is passed through the more medial
of the two openings it will be observed to pass into the bottom of the internal

acoustic meatus, if into the more lateral, it will pass through the facial canal,

and, provided the channel be clear, will appear on the inferior surface of the

bone at the stylo-mastoid foramen. Leading forwards and medially from the

hiatus towards the anterior border is a groove ; in this lies the greater superficial

petrosal nerve, which passes out of the hiatus. A smaU branch of the middle
meningeal artery also enters the bone here. A little lateral to the hiatus is

another small opening (apertura superior canalis tympanici), often difficult to see

;

from this a groove runs forwards which channels the upper surface of the roof of

the canal for the tensor tympani muscle. Through this foramen and along this

groove passes the lesser superficial petrosal nerve. Behind this, and in front of

the arcuate eminence, the bone is usually thin (as may be seen by holding it up to

the light falling tlirough the external acoustic meatus), roofing in the cavity
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within tlie boue called the tympanum and forming the tegmen tympani. Liiterally

the line of fusion of the petrous with the squamous part is ol'teii indicated by a faint

and irregular jjetro-squamous fissure.

Posterior Surface.—Tiie most conspicuous object on the posterior surface of the

petrous part of the bone istlu^ meatus acusticus intemus (internal acoustic meatus), about

8 mm. deep in the adult. Tliis has an oblique oval aperture, and leads laterally

and slightly downwards into the substance of the bone, giving passage to the acoustic

and facial nerves, together with the nervus intermedius and the auditory branch of

the basilar artery. The canal appears to end blindly
;
but if it is large, or still l>etter,

if part of it is cut away, its fundus will be seen to be crossed by a horizontal ridge, the

falciform crest, which divides it into two tbssie, the floors of which (laminae cribrosae)

are pierced by numerous small foramina for the branches of the acoustic nerve and
the vessels passing to the membranous labyrinth, whilst in the anterior and upper

part of the higher fossa the orifice of the canalis facialis, through which the

facial nerve passes, is seen leading in the direction of the hiatus canalis facialis

(vide supra). I^ateral to the internal acoustic meatus and above it, close to the

superior border, an irregular depression, often faintly marked, with one or two small

foramina opening into it, is to be noticed. This is the fossa subarcuata, best seen

in young bones (see Fig. 143 C), where
it forms a distinct recess, which is

bounded above by the bulging caused by
the superior semicircular canal, within

the concavity of which it is placed ; it

lodges a process of the dura mater.

Below and lateral to this, separated

from it by a smooth, elevated curved

ridge, is the opening of the apertura

externa aquaeductus vestibuli (aqueduct

of the vestibule), often concealed in a

narrow curved fissure overhung by a

sharp scale of bone. In this is lodged

the saccus endolymphaticus,

developed as an evagi nation

from the otocyst, together

with a small vein. The ridge

above it corresponds to the

upper half of the posterior

semicircular canal.

External acoustic
meatus

Osseous part of the
aiulitory tube

Internal
acoustic
meatus

Vestibule
Canalis facialis

Fenestra vestibuli cut across
Fenestra cochleip cut across

Superior opening of the canal for the
tympanic branch of glosso-pharyngeal

Fig. 140.—Vertical Transverse Section through the Left
Temporal Bonb (Anterior Half of Section).

- Tlie teiiipoial

witli the zygomatic,
Connexions

bonearticulat

sphenoid, parietal, and occipital

bones, and by a movable joint witli
the mandibla Occasionally the temporal articulates with the frontal, as happens normallv in
the anthropoid apes ; although the region of the pterion is characterised by an X-like form,
in the lower races of man there is no evidence that the occurrence of a fron to -squamosal
suture IS more frequent in the lower than the higher races, its occurrence being due to the
manner of fusion of the so-called epipteric ossicles with the surrounding bones.

Ossification.—The temporal boue of man represents the fused periotic, squamosa],
and tympanic elements ; the two latter are membrane or investing bones, whilst the
former is developed in cartilage around the auditory capsule. The cartilages of the
I. and II. visceral arches are also intimately associated with its development, as will be
elsewhere explained (Appendix E). The human temporal bone is characterised by the
large proportionate size of the squamosal, the comparatively small size of the tympanic,
tlie absence of an auditory bulla, and the exceptional development of the mastoid process.

Ossification commences in the ear capsule in the fifth mouth, and proceeds so rapidly
that by the end of the sixth month the individual centres are more or less fused. Of
these, one, the Pro-otic (Huxley), which appears in the vicinity of the emiueutia arcuata,
is the most definite in position and form ; from this a lamina of bone of spiral form
is developed, which covers in the medial limb of the superior semicircular canal, and
forms the roof of the internal acoustic meatus, together with the commencement of the

9 a
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Lateral semicircular canal

Superior semicircular
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Fig. 141.

—

Vertical Transverse Section through the Left

Temporal Bone (Posterior Half of Section).

facial canal. Reaching forwards, it extends to the apex of the petrous part; whilst

laterally it forms part of the medial wall of the tympanum, surrounds the fenestra vesti-

buli, and encloses within its substance portions of the cochlea,

vestibule, and superior semicircular canal. Another centre, the

Opisthotic, appears in the vicinity of the promontory on the

medial wall of the tympanum, surrounds the fenestra cochleae,

forms the floor of the vestibule, and extends medially to complete

the floor of the internal acoustic meatus. Surrounding the cochlea

inferiorly and laterally, it completes the floor of the tympanum,
and ultimately blends with the anterior and inferior part of the

tympanic ring. The carotid

canal at first grooves it, and is

then subsequently suiTOunded

by it. According to Lambertz
the lamina spiralis of the cochlea

ossifies in membrane. The roof

of the tympanum is formed from

a separate centre, the Pterotic,

which extends backwards to-

wards the superior semicircular

canal, and encloses the tympanic
part of the facial canal ; later-

ally this centre unites by suture

with the squamosal, and sends

down a thin process, which ap-

peal's between the lips of the

petro - tympanic fissure, and
forms the lateral wall of the

auditory tube. Nuclei, either

single or multiple, Epiotic, appear in the base of the petrous part, and envelop the

posterior and lateral semi-

f^' circular canals. It is by ex-

tension from this part that

the mastoid process is ulti-

mately developed. The

styloid process, an inde-

pendent development from

the upper end of the carti-

lage of the second visceral

arch, is ossified from two

centres. The upper or basal

appears before birth, and

rapidly unites with the petro-

mastoid, the tympanic plate

encircling it in front. This

represents the tympanohyal

of comparative anatomy. At

birth, or subsequent to it,

another centre appears in the

cartilage below the above

:

this is the stylohyal. Anky-

losis usually occurs in adult

life between the tympanohyal

and stylohyal, the union of

the two constituting the so--

called styloid process of

human anatomy.

The centre from which the

squamo- zygomatic develops

appears in membrane about

the end of the second month. Situated near the root of the zygoma, it extends forwards

and laterally into that process, medially to form the floor of the infra-temporal fossa, and

upwards into the squamosal. From this latter there is a downward and backward exten-
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Fia. 142.

—

Horizontal Section through the Left Temporal Bone
(Lower Half of Section).
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sion, which forms the post-auditory process ; this ultimately blends with the posterior limb
of the tympanic ring, bein<,' separated from it in the adult by the petro-inastoid fissure. It

forms the lateral wall of the tympanic antrum, and constitutes the anterior and upper part
of the mastoid process in the adult. About the third mouth a centre appears in the outer
membranous wall of the tympanum : from this the tsrmpanic ring is developed. Incom-
plete above, it displays two free extremities. (Jf these, the anterior is somewhat enlarged,
and unites in front with the mandibular portion of the squamo-zygomatic, being separated
from it by the petrotympanic fissure and the downgrowth from the tegmen tympani ; the
posterior joins the post-auditory process of the squamo-zygomatic above mentioned.
Below, it blends medially with the portion of the petro-mastoid which forms the floor of
the tympanum and ensheathes the tympanohyal behind. From the medial surface of

the ring below there is an extension medially and forwards which forms the floor of the
osseous part of the auditory tube, as well as the lateral wall and half the floor of the
carotid canal. From the lateral side of the lower part of this ring two tubercles arise

;

d » b a __^^^_^

9 f

A B C

The squaino-zygoiiiatic part is coloured blue ; the petro-mastoid red. The tyuipauic ring is left uncoloured.

Fig. 143.— a. The Parietal Sdhface of the Right Temporal Boxe at
Birth. B. The same with the Squamo-zygomatic Portion removed.

(The lettering is the same in both A and B.) a, Tympanic ring, h. Medial wall

oftyoipanum. c, Fenestra cochlea;, rf. Fenestra vestibuli. e, Tympanic
antrum. /, Mastoid process, g. Masto- squamosal suture, with foramen

for transmission of vessels, h, Squamo-zygomatic, removed in tigure B
to show how its descending process forms the lateral wall of the

tympanic antrum.

C. Cerebral Surface of the Right
Temporal Bose at Birth.

a, Squamo - zygomatic. 6, Petro-

squamosal suture and foramen (just

above the end of the lead line).

c, Subarcuate fossa, d, Aquaeductua

vestibuli. e, Aquaeductus cochleae.

/, Internal acoustic meatus. g.

Upper end of carotid canal.

these grow laterally, and so form the floor of the external acoustic meatus. The interval

between them remains unossified till about the age of five or six, after which closure takes

place. This deficiency may, however, persist even in adult life (see Appendix B, Temporal).

At birth the temporal bone can usually be separated into its component parts. The
lateral surface of the petrous part not only forms the medial wall of the tympanum, but is

hollowed out behind and above to form the inner side of the tympanic antrum, the

outer wall of which is completed by the post-auditory process of the squamo-zygomatic.

As yet the mastoid process is undeveloped. It only assumes its nipple-like form about the

second year. Towards puberty its spongy substance becomes permeated with air spaces,

which are in communication with and extensions from the tympanic antrum. Occasionally

this pneumatic condition is met with in early childhood. The external acoustic meatiis

is unossified in front and below, the outgrowth from the tympanic ring occurring

subsequent to birth. The mandibular fossa is shallow and everted ; the jugular fossa is

ill-marked ; whilst the subarcuate fossa is represented by a deep pit, the so-called

floccular fossa of comparative anatomy. The hiatus of the facial canal is an open groove,

displaying at either end the openings of the medial and lateral portions of the facial canal.

Os Sphenoidale.

The sphenoid bone lies in front of the basilar part of the occipital medially,

and the temporals on either side. It enters into the formation of the cranial,

orbital, and nasal cavities, as well as the temporal, infra-temporal, and pterygn-

9&
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palatine foss?e. It consists of a body with three pairs of expanded processes,

the great wings, the small wings, and the pterygoid processes.

The corpus (body), more or less cubical in form, is hollow, and contains within

it the two large sphenoidal air sinuses. These are separated by a partition, which

Groove for the
abducent nerve

Foramen
rotundum
Groove for

auditory tube
Petrosal proceb-^

Pterygoid canal

Lateral lamina of the _
pterygoid proces'-

Medial lamina of the
pterygoid process.

Superior orbital

Pteiygoid fossa

Pterygoid notch

Hamulus of medial pterygoid lamina

Fig. 144.

—

The Sphenoid seen from behind.

is usually deflected to one or other side of the median plane. Each sinus extends
laterally for a short distance into the root of the great wing, and downwards and
laterally towards the base of the pterygoid process of the same side. They com-

Infra-teuiporal , ,^

surface toramen
rotundum

Orbital surface

Infra temporal crest

Angular spine

Splieno-maxillary surface

Lateral pterygoid lamina

Pterygoid notch

Fig. 145.

—

Thk Sphenoid seen fuom the front.

Hamulus of medial
pterygoid lamina

municate by apertures with the upper and posterior })art of the nasal cavities. In the

adult the posterior aspect of the body displays a sawn surface due to its separation

from the basi-occipital, with which in the adult it is firmly ankylosed. The superior

surface, from the anterior angles of which the small wings arise, displays an appear-
ance comparable to that of an oriental saddle (sella turcica). Over its middle there

is a deep depression, the fossa hypophyseos, in which is lodged the hypophysis
(O.T. pituitary body). Behind, this is overhung by a sloping ridge, the dorsum sellae,

the posterior surface of which is inclined upwards, and is in continuation with
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the basilar groove of the occipital bone, supporting the pons and the basilar

artery. Anteriorly and laterally Ihe angles of this ridge project over the fossa

hypophyst'os in tlie form of ])r()niinent tubercles, called tlie processus clinoidei

posteriores (posterior clinoid processes). To tlieso are attached the tentorium

cerebelli and interclinoid ligaments. In front of the fossa hyjtopliyscos there is a

transverse eltnation, the tuberculum sellae, towards the lateral extremities of whicli,

and somewhat behind, there are oitentimes little spurs of bone, the processus

clinoidei medii (middle clinoid processes). In front of the tuberculum selhc is tlie

sulcus chiasmatis, which passes laterally on either side to become continuous,

between the roots of the small wings, with the optic foramina.

This groove is liable to considerable variations, and apparently does not always serve fur tlie

lodgment of the optic chiasina. (Lawrence, " Proc. Soc. Anat.," Journ. Anat. and Physiol.

vol. xxviii. p. 18.)

In front of the sulcus chiasmatis, from which it is often separated by a thin sharp

edge, the superior surface continues forwards on the same plane as the upper surfaces

of the small wings, and terminates anteriorly in a ragged edge, which articulates with

the lamina cribrosa of the ethmoid, and has often projecting from it, in the median
plane, a pointed process, the sphenoidal spine. The lateral aspects of the body are fused

with the great wings, and in part also with the roots of the pterygoid processes.

Curving along tlie side of the body, above its attachment to the great wing,

is an jT-shaped groove, the sulcus caroticus (carotid groove), which marks the

position and course of the internal carotid artery. Posteriorly, the hinder margin
of this groove, formed by the salient lateral edge of the posterior surface of the

body, articulates with the apex of the petrous portion of the temporal bone, and
is hence called the petrosal process

;
just above this, on the lateral border of the

dorsum sellae, there is often a groove for the abducent nerve.

The anterior siuface of the body displays a vertical, median crista sphenoidalis

(sphenoidal crest), continuous above with the sphenoidal spine, and below with
the pointed projection called the sphenoidal rostrum. This crest articulates in front

with the perpendicular plate of the ethmoid. On each side of the median plane

are seen the irregular openings leading into the sphenoidal air sinuses, the thin

anterior walls of which are in part formed by the absorption of the sphenoidal

conchie (O.T. turbinated bones) with which in early life they are in contact. With
exception of a broad groove leading downwards from the apertures above mentioned,
which enters into the formation of the roof of the nasal cavity of the corre-

sponding side, the lateral aspects of this surface of the bone are elsewhere in

articulation with the labyrinths of the ethmoid and the orbital processes of the

palate bones. The sphenoidal rostrum is continued backwards for some distance

along the inferior surface of the body, where it forms a prominent keel which
fits into the recess formed by the alse of the vomer. The edges of the alae

serve to separate the rostrum from the incurved vaginal processes at the roots of

the medial plates of the pterygoid processes. Posteriorly, the inferior surface of the

body of the sphenoid is rougher, and covered by the mucous membrane of the roof

of the pharynx ; here, occasionally, a median depression may be seen which marks
the position of the inferior extremity of a foetal channel, called the canalis

craniopharyngeus.

Alae Parvae.—The small wings are two tiattened triangular plates of bone
which project forwards and laterally from the anterior and upper part of the body
of the bone, with which they are united by two roots which enclose between
them the optic foramina for the transmission of the optic nerves and ophthalmic
arteries. Of these roots, the posterior springs from the body just wide of the

tuberculum selhc, separating the carotid groove behind from the optic foramen
in front ; laterally this root is confluent with the recurved posterior angle of the

small wing, forming the projection known as the processus clinoideus anterior

(anterior clinoid process), which overhangs the anterior part of the body of the

bone and affords an attachment to the tentorium cerebelli and interclinoid liga-

ments. The anterior root, broad and compressed, unites the upper surface of the

small wing with the anterior and upper part of the body. Laterally, the lateral
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angle terminates in a pointed process which reaches the region of the pterion and
there articulates with the frontal, and may come in contact with the great wing.

The superior aspect is smooth, and forms, in part, the floor of the anterior cranial

fossa. The inferior surface constitutes part of the posterior portion of the upper
wall of the orbit, and also serves to roof in the superior orbital fissure (O.T. sphenoidal

fissure), which separates the small wing from the great wing below. The anterior

edge is ragged and irregular, and articulates with the orbital parts of the

frontal. The posterior margin, sharp and sickle-shaped, separates the anterior

from the middle cranial fossa, and corresponds to the position of the stem of the

lateral cerebral Assure on the inferior surface of the cerebrum.

Alae Magnae.—The great wings, as seen from above, are of a somewhat
crescentic shape and form a considerable portion of the floor of the middle
cranial fossa. If the medial convex edge of the crescent be divided into fifths, the

posterior fifth extends backwards and laterally beyond the body of the bone,

presenting a free posterior edge, which forms the anterior boundary of the

foramen lacerum. This border ends behind in the horn of the crescent, from
which a pointed process projects downwards, called the spina angularis ; this is

wedged into the angle between the petrous and squamous parts of the temporal

bone. The medial surface of the posterior border and spine is furrowed for the

cartilaginous part of the auditory tube (sulcus tubae), whilst on the medial side of

the spine the course of the chorda tympani nerve is indicated by a groove (Lucas).

The second fifth of the convex border of the crescent is fused to the side of the

body and united below with the root of the pterygoid process. The angle formed

by the union of the great wing with the side of the body posteriorly corresponds

to the posterior end of the carotid groove, the lateral lip of which is formed by a

projecting lamina called the lingula. The remaining three-fifths of the convex
border is divisible into two nearly equal parts ; the medial is a free, curved, sharp

margin, which forms the inferior margin of the superior orbital fissure, the cleft

which separates the great wing from the small wing, and which establishes a

wide channel of communication between the middle cranial fossa and the cavity

of the orbit, transmitting the oculomotor, trochlear , ophthalmic divisiaa---Qf_the

trigeminal, and the abducent nerves, together with the ophthalmic veins. Wide of

the superior orbital fissure this edge luecomes Inroad and serrated,' articulating

with the frontal bone medially, and at the part corresponding to the anterior

horn of the crescent, by a surface of variable width, it unites with the sphenoidal

angle of the parietal bone. The lateral border corresponds to the concave side

of the crescent, and is serrated for articulation with the squamous part of the

temporal, being thin and bevelled at the expense of its parietal surface above and
laterally, and broad and thick behind as it passes towards the angular spine.

The internal or cerebral surface is concave from behind forwards, and, in its anterior

part, from side to side also ; it forms a considerable part of the floor of the

middle cranial fossa, and bears the impress of the gyri of the extremity of the

temporal lobe of the cerebrum, which rests upon it ; towards its lateral- side it is

grooved obliquely by an anterior branch of the middle meningeal artery.

The following foramina pierce the great wing : Close to and in front of the alar

spine is the foramen spinosum, for the transmission of the middle meningeal

artery and its companion vein, together with the nervus spinosus from the man-
dibular division of the trigeminal nerve. In front of and medial to this, and close

to the posterior free border, is the foramen ovale, of large size and elongated

form. This gives passage to the motor root and mandibular division of the

trigeminal nerve, and admits the accessory meningeal branch ^ of the middle

meningeal artery ; a small emissary vein from the cavernous sinus usually passes

through this foramen, and occasionally also the lesser superficial petrosal nerve.

Near the anterior part of the root of the great wing, and just below the sphenoidal

fissure, is the foramen rotundum, of smaller size and circular form. Through this

the maxillary division of the trigeminal nerve escapes from the cranium. Occasion-

ally there is a small canal—the foramen of Vesalius—which pierces the root of

the great wing to the medial side of the foramen ovale. This opens below into

the scaphoid fossa at the base of the medial pterygoid lamina, and transmits a
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small vein. Occasionally there is a small foramen {canaliculus innominatus)

to the medial side of the foramen spinosum for the transmission of the small

superficial petrosal nerve.

The external surface of the great wing enters into the formation of the walls of

the orbital, temporal, infni-temporal, and pterygo-palatine fossae by three well-

defined areuH ; of these the upper two, i.e. the orbital and the temjjoral, are separated

by an oblique jagged ridge, the margo zygomaticus (zygomatic border), for articula-

tion with the fronto-sphenoidul process of the zygomatic bone. Occasionally the

lower part of this ridge articulates with the zygomatic process of the maxilla.

The fades orbitalis (orbital surface) lies to the medial side of this crest and
is directed forwards and a little medially ; of quadrilateral shape, it forms the

posterior and lateral wall of the orbit
;
plane and smooth, it is bounded posteriorly

by the sharp inferior free margin of the superior orl)ital li.ssure, towards the medial

extremity of which a pointed spine (spina recti lateralis), for the attachment
of the inferior common ligament of origin of the ocular muscles, can usually

be seen. It is limited superiorly by the edge of a rough triangular area which
articulates with the frontal bone ; anteriorly by the zygomatic border ; whilst

inferiorly a free, well-defined oblique margin constitutes the posterior and lateral

boundary of the fissura orbitalis inferior (inferior orbital fissure), which separates

this part of the bone from the orbital surface of the maxilla. Below this border

there is a grooved surface which leads medially toward the orifice of the foramen
rotundum. In the articulated skull this forms part of the posterior wall of the

pterygo-palatine fossa.

To the lateral side of the zygomatic border, which bounds it in front, is the

facias temporalis (temporal area), concavo-convex from before backwards. It slopes

medially below, where it is separated from the spheno-maxillary area by a well-

marked muscular ridge, the crista infratemporalis (infra-temporal crest). Behind, the

temporal surface is bounded by the margin of the great wing which articulates

with the squamous part of the temporal (margo squamosus), and above by the edge

which unites it with the sphenoidal angle of the parietal and with the frontal bone.

The temporal surface enters into the formation of the floor of the fossa of the same
name, and affords an extensive attachment to the fibres of origin of the temporal

muscle. The facies sphenomaxillaris (spheno-maxillary surface), the third of the

areas above referred to, is situated below the infra-temporal crest, and corre-

sponds to the under surface of the posterior half of the great wing ; it extends

as far back as the angular spine and posterior border. Opening on it are seen

the orifices of the foramen spinosum and ovale. It is slightly concave from side

to side, and is confluent medially with the lateral surface of the lateral pterygoid

plate. In front, it is bounded by a ridge which curves upwards and laterally

from the anterior part of the lateral pterygoid plate to join the infra-temporal crest.

In the articulated skull this ridge forms the posterior boundary of the pterygo-

maxillary fissure. The spheno-maxillary surface overhangs the infra-temporal

fossa, and affords an origin for the superior head of the external pterygoid muscle.

The processus pterygoidei (pterygoid processes) spring from the inferior surface

of each lateral aspect of the body as well as from the under side of the roots

of the great wings, and pass vertically downwards. Each consists of two laminae,

the lateral and medial laminae of the pterygoid process, fused together anteriorly, and

enclosing between them posteriorly the pterygoid fossa.

The lateral pterygoid plate, thin and expanded, is directed obliquely back-

wards and laterally, its lower part being often somewhat everted. Its posterior

edge is sharp, and often has projecting from it one or two spines, to one of which

(processus pterygospinosus) the pterygo-spinous ligament, which stretches towards

the angular spine, is attached. Laterally it furnishes an origin for the inferior

head of the external pterygoid muscle, and on its medial side, where it forms the

lateral wall of the pterygoid fossa, it supplies an attachment for the internal

pterygoid muscle.

The medial pterygoid plate is narrower and somewhat stouter. By its

medial aspect it forms the posterior part of the lateral wall of the nasal cavity

;

laterally it is directed towards the pterygoid fossa. Its posterior edge ends
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below in the hamulus pterygoideus (pterygoid hooklet), which, reaching a lower level

than the lateral plate, curves backwards and laterally, furnishing a groove on
its lower surface in which the tendon of the tensor veli palatini muscle glides

;

superiorly, the sharp posterior margin of the medial plate bifurcates, so as to

enclose the shallow scaphoid fossa from which the tensor veli palatini muscle

arises, and wherein may occasionally be seen the inferior aperture of the foramen

VesaHi. To the medial edge of this fossa, as well as to the posterior border of

the medial pterygoid plate, the pharyngo-hasilar fascia is attached. Here, too,

the cartilage of the auditory tube is supported on a slight projection, and the

pharyngo-palatinus muscle receives an origin, whilst the superior constrictor of

the pharynx arises from the inferior third of the same border and from the

pterygoid hamulus. Superiorly and medially the medial plate forms an incurved

lamina of bone, the processus vaginalis (vaginal process), which is applied to the

inferior surface of the lateral aspect of the body, reaching medially towards the

root of the rostrum, from which, however, it is separated by a groove, in which, in

the articulated skull, the ala of the vomer is lodged. The angle formed by the

vaginal process and the medial edge of the scaphoid fossa forms a projection called

the pterygoid tubercle, immediately above which is the posterior aperture of the

pterygoid canal, through which the nerve and artery of the canal (O.T. Vidian) are

transmitted. On its inferior surface the vaginal process displays a groove (sulcus

pterygopalatinus), which in the articulated skull is converted into the pharyngeal

canal by its union with the palate bone. In front, at its root, the pterygoid

process displays a broad smooth surface (facies sphenomaxillaris), which is confluent

above with the root of the great wing around the foramen rotundum, and forms

the posterior wall of the pterygo-palatine fossa. Here, to the medial side of the

foramen rotundum, is seen the anterior opening of the pterygoid canal. Below,
the pterygoid laminae are separated by an angular cleft, the pterygoid fissure

;

in this is lodged the pyramidal process of the palate bone, the margins of which
articulate with the serrated edges of the fissure.

Connexions.—The sphenoid articulates with the occipital, temporal, parietal, frontal,

ethmoid, sphenoidal conchae, vomer, palate and zygomatic bones, and occasionally with the
maxillse.

Ossification.—The sphenoid of man is formed by the fusion of two parts, the pre-

sphenoid and the post-sphenoid, each associated with certain processes. In most mammals
the orbito-sphenoids or small wings fuse with the pre-sphenoid, whilst the alisphenoids or

great wings, together with the medial pterygoid lamina, ankylose with the post-sphenoid.

The ossification of these several parts takes place in cartilage, with the exception of the

medial pterygoid lamina, which is developed from an independent centre in the connective

tissue of the side wall of the oral cavity (Hertwig).

At the end of the second month a centre appears in the root of the great wing between
the foramen ovale and foramen rotundum; from this the ossification spreads laterally and

g ij f, b r.

backwards and also downwards into the lateral

pterygoid lamina. According to Fawcett the

pterygoid laminae or the common root of the

two laminae in the adult is practically the

only part of the ala temporalis preformed in

cartilage ; the whole of the lateral pterygoid

lamina and that part of the alisphenoid pro-

jected into the orbital and temporal fossae are

ossified in membrane ; so too are the foramen
ovale and foramen spinosum. Meanwhile two
centres appear about the same time in the

basi-sphenoid in relation to the floor of the

fossa hypophyseos and on either side of the
cranio-pharyngeal canal, around which tliey ossify, ultimately leading to the obliteration
of that channel. Somewhat later a sphenotic centre appears on each side, from which
the lateral aspect of the body and the lingula are developed. Fusion between these
four centres is usually complete by the sixth month.

In the pre-sphenoid a pair of lateral nuclei make their appearance about the middle of
the third month, just lateral to the optic foramina; from each of these the orbito-

FiG. 146.

d e d

-OSSIKICATION OF THE SPHENOID.

a, Pre-.spheiioid
; b, Orbito-sphenoids

; c, Alisphenoids
;

d, Medial pterygoid laniinte ; e, Basi-sphenoid.
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sphenoids (small wings) and their roots are developed. About the same time another
pair of centres, placed medial to the optic foramina, constitute the body of the pre-

sphenoid. At first the superior surface of the body of the pre-sphenoid is exposed in the

interval between the orbito-sphenoid.s, but by the ultimate coaleijcence of the medial borders

of the orbito-sphenoids to form the jugum sphenoidale the body of the pre-sphenoid is

almost completely covered over superiorly. By the coalescence of these in front, and
their ultimate union with the basi-sphenoid behind, a cartilaginous interval is enclosed,

of triangular shape, which, however, becomes gradually reduced in size by the ingrowth
of its margins so as to form two medially placed foramina, as may be frequently

observed in young bones—one opening on the surface of the tuberculum sellee, the other

being placed anteriorly. (Lawrence, " Proc. Soc. Anat.," Joum. Anat. and Physiol, vol.

xxviii. p. 19.)

As has been seen, the medial pterygoid laminae are developed in membrane and are the

first parts of the sphenoid to ossify. (Fawcett, An<it. Anz., vol. xxvi. 1905, p. 280.) Each is

derived from a single nucleus which appears about the ninth or tenth week, and fuses with

the inferior surface of the great wing, there forming a groove which is converted into the

pharyngeal canal when the alisphenoid and medial pterygoid lamiiuc fuse later with the

body of the post-sphenoid. The hamulus, however, chondrifies before it ossifies during
the third month. Fawcett also regards the lateral pterygoid plate as of membranous
origin.

At birth the sphenoid consists of three parts : one comprising the orbito-sphenoids

together with the body of the pre-sphenoid and the basi-sphenoid, the others consisting of

the alisphenoids, one on each side. Fusion of the latter with the former occurs near the

end of the first year. The dorsum sellse at birth consists of a cartilaginous plate which
separates the body of the post-sphenoid from the basi-occipital. This slowly ossifies, but
the cartilage does not entirely disappear till the age of twenty-five, by which time bony
ankylosis of the basi-cranial axis is complete. For a considerable time the under surface

of the body of the pre-sphenoid displays a bullate appearance, with the sides of which

the sphenoidal concha) articulate. It is only after the seventh or eighth year is reached

that the spongy tissue within this part of the bone becomes absorbed to form the

sphenoidal sinuses.

The sphenoidal conchae, or Ijones of Bertin, best studied in childhood, are formed

by the fusion of four distinct ossicles (Cleland), the centres for which appear in the later

months of utero gestation. Each bone consists of a hollow, three-sided pyramid, the

apex of which is in contact with the anterior part of the vaginal process of the medial

pterygoid lamina, whilst the base fits on to the posterior surface of the labyrinth of the

ethmoid. The inferior surface of each forms the roof of the corresponding nasal cavity,

and completes the formation of the spheno-palatine foramen, whilst the lateral aspect is

united with the palate bone and forms the medial wall of the pterygo-palatine fossa, and
occasionally constitutes a part of the orbital wall posterior to the lamina papyracea of

the ethmoid. The superior surface of each sphenoidal concha is applied to the anterior

and inferior surface of the body of the pre-sphenoid on the corresponding side of the

rostrum. It is by the absorption of this surface that the contained sphenoidal sinus is

ultimately extended. In the bases of the pyramids are formed the apertures through which

the sinuses open in to the nasal cavity in the adult. Up to the age of five these ossicles

remain independent, but subsequently, owing to their firm ankylosis with the surrounding

bones, they are merely represented in the adult disarticulated skull by the irregular frag-

ments adherent to the separated borders of the ethmoid, palate, and sphenoid bones.

Os Ethmoidale.

The ethmoid bone lies iu front of the sphenoid, and occupies the interval

between the orbital parts of the frontal, thus entering into the formation of the

anterior cranial fossa as well as the medial walls of the orbits and the roof and medial

and lateral walls of the nasal cavities. 'J'he bone, whicli is extremely hght, consists

of two cellular parts—the labyrinthi ethmoidales (ethmoidal labyrinths), which are

united superiorly to a median lamina perpendictilaris (perpendicular plate) by a thin

horizontal lamina which, from its perforated condition, is called the lamina cribrosa

(cribriform plate). The general arrangement of the parts of the bone resembles the

capital letter T
; the median plate corresponds to the vertical limb, the cribriform

plate to the horizontal limb of the T, whilst the ethmoidal labyrinths may be
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Middle meatu:

Perpendicular plate

Fig. 147.

—

The Ethmoid seex from behind.

regarded as comparable to the enlarged down-turned extremities of the horizontal

limb of the letter.

The study of this bone will be much facilitated by cutting through the cribriform plate on

one side of the perpendicular plate, thus removing the ethmoidal labyrinth of one side and
exposing more fully the central perpen-

Alar process Crista galli dicular lamina.

The perpendicular plate, of ir-

regular pentagonal shape, forms the

superior part of the nasal septum.

Its superior border projectsabove the

level of the cribriform plate so as to

form a crest, which is much elevated

anteriorly, where it terminates in a

thick, vertical, triangular process,

called the crista galli, the interior of

which is filled with fine spongy
bone, but is occasionally pneumatic.

The superior edge of this process

is sharp and pointed, and affords

attachment to the falx cerebri.

In front of this process there is

a groove which separates the pro-

cessus alares (alar processes) which

project from the crista galli on either side. By articulation with the frontal bone

this groove is converted into a canal, the foramen caecum ; this, however, is not

always bhnd, but frequently transmits a vein to the roof of the nose. The
posterior border of the perpendicular plate is thin, and articulates with the crest of

the sphenoid. The posterior inferior border in the adult is ankylosed with the

vomer ; and the anterior inferior border, which is usually thicker than the others,

unites with the carti-ki , Crista galli
gmous nasal septum.

The anterior superior Anterior and posterior

border articulates with
ethmoidal g.oo^es

the spine of the frontal

bone and with the

median crest formed by
the union of the two papy'Seea

nasal bones. The per- (orbital surface)

pendicular plate, which
is usually deflected to

one or other side, has

generally smooth sur-

/aces, except above, where
they are channelled by
short and shallow
grooves leading to the

foramina whicih pierce the cribriform plate ; these are for the lodgment of the

olfactory nerves.

The ethmoidal labyrinth is composed of exceedingly thin bone, enclosing

a large number of air-cells ; these are arranged in three groups—an anterior, a

middle, and a posterior, the walls of which have been broken in front, above,

behind, and below, in the process of disarticulation. Laterally they are closed

in by a thin oblong lamina, the lamina papyracea or orbital plate, which forms

a part of the medial wall of the orbit, and articulates above with the orbital

part of the frontal, which here roofs in the ethmoidal cells. (The line of this

suture is pierced by two canals, the anterior and posterior ethmoidal foramina,

both of which transmit small ethmoidal vessels and nerves. In front, the lamina
papyracea articulates with the lacrimal bone ; whilst below, by its union with

Alar process

Infuiidibnlum

Middle meatus- udicular plate

Uncinate process

Fig. 148.

—

The Ethmoid seen from the Right Side.

Middle concha of the nose
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the orbital surface of the maxilla, the air-sinuses in both situations are completed.

Posteriorly, the lamina papyracca articulates with the sphenoid, and, at its posterior

inferior angle for a variable distance, with

the orbital process of the palate bone, both

of which serve to close in the air-cells.

The medial aspect of the ethmoidal labyrinth

displays the convoluted conchae of the nose,

usually two in number, thougli occasion-

ally there may be three—rarely more. In

cases where tiiere are two conclue or ethmo-

turbinals ^ they are separated posteriorly

by a deep groove. A channel is thus

formed in the posterior part of the lateral

and upper aspect of the nasal cavity, called

the superior meatus, wliich is roofed in by
the concha nasalis superior (superior concha),

whilst its floor is formed by the superior

surface of the concha nasalis media (middle concha). The posterior ethmoidal cells

open into this meatus. In front of the superior meatus, which only grooves the

posterior half of this aspect of the bone, the surface is rounded irbm above
downwards and before backwards, and forms the medial wall of the anterior and
middle ethmoidal cells. Eunning obliquely from above downwards and backwards
over the medial surface of the superior concha, are a number of fine grooves con-

tinuous above with the foramina in the cribriform plate ; these are fewer and
more scattered in front, do not pass on to the middle concha, and are for the

olfactory nerves.

The middle concha is nearly twice the length

anterior extremity is united for a short distance to the

medial

Uncinate process

Fig. 149.

—

Section showino thk Nasal Aspect
OK THE Left Labyuinth of the Ethmoid.

Crista galli

Lamina japyracea

Alar process

Perijendicu-
lar plate

Uncinate process

Lacriniiil process

Maxillary process Ethmoidal process

Fig. 150.

—

Showing the Articolation of thk Infekiou
Concha with the Ethmoid.

of the superior. Its

ethmoidal crest on the

side of the frontal

process of the maxilla. By
its thickened, free convoluted

border it overhangs a deep
groove which runs along the

inferior surface of the ethmoidal

labyrinth. This is the middle

meatus of the nose. It receives

the openings of the middle eth-

moidal cells, which project in to the

meatus, forming a rounded ele-

vation called the ethmoidal bulla.

In front of and below the bulla

is a groove, the hiatus semilunaris,

which by articulation above with

adjacent bones is converted into

a canal, the infundibulum, which
Inferior concha runs upwards aud forwards and
of the nose ,. , i r •

i.
•

lorms a channel ot communication

with the frontal sinus and the

anterior ethmoidal cells. Curving
downwards, backwards, and a

part of this meatus, in front of

This bridges across the irregular

little laterally from the roof of the anterior

the infundibulum, is the processus uncinatus.

opening on the medial wall of the maxillary sinus, and articulates inferiorly with
the ethmoidal process of the inferior concha. The posterior extremity of the middle
concha articulates with the ethmoidal crest on the perpendicular part of the

palate bone.

The lamina cribrosa (cribriform plate) is the horizontal lamina which con-

So called to distinguish them from the inaxillo-turbiuals and naso-turbinals uf comparative auatoniy.
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Alar process

Infundibulum

Ethmoidal
/ cells

nects the ethmoidal labyrinths with the perpendicular plate. It occupies the

interval between the orbital parts of the frontal bone, roofing in the nasal cavities

inferiorly, and superiorly forming, on each side of the crista galli, two shallow

olfactory grooves, in which, in the recent con-
Perpendicuiar plate

ditiou, the olfactory bulbs of the cerebrum
are lodged. Numerous foramina for the trans-

mission of the olfactory nerves pierce this

ifen'e°'°^'°'''''''"^'
part of the bone; those to the medial and
lateral sides of the groove are the largest

and most regular in their arrangement.

Along the lateral edges of the cribriform plate

two notches can usually be distinguished

;

when articulated with the frontal bone these

form the medial openings of the ethmoidal

foramina. Leading forwards from the anterior

of these there is often a groove which crosses

to the side of the crista galli, where it ends

in a slit which allows of the transmission of

the anterior ethmoidal nerve to the nose.

Posteriorly, the cribriform plate articulates

with the spine of the sphenoid.

Connexions.—The ethmoid articulates with the

sphenoid and sphenoidal conch*, the frontal, tlie

two nasals, two niaxillse, two lacrimals, two inferior concha?, two palates, and the vomer.

Ossification takes place in the cartilage of the nasal capsule. Each labyrinth has

one centre, which appears about the fourth or fifth month in the neighbourhood of the

lamina papyracea. According to Fawcett ossification first commences in a process which
passes outside the naso-lacrimal duct to reach the frontal process of the maxilla. From this

the lamiucC around the ethmoidal air-cells are formed, which are complete at birth, the

air-sinuses in this instance not being formed by the absorption of spongy bone. From
these centres the conchse are also developed, and these too are ossified at the ninth month.

At birth the ossified labyrinths are united to the cartilaginous septum by a

fibrous layer. Two centres make their appearance in the septal cartilage on either side

of the root of the crista galli about the end of the first year ; from these, the crista galli

and the perpendicular plate are ossified, as well as the medial part of the cribriform plate,

the lateral portions of which are derived from a medial extension of the labyrinths.

Ossification is usually complete about the fifth or sixth year. About the twenty-fifth

year bony union has taken place between the cribriform plate and the sphenoid, but
ankylosis between the perpendicular plate and the vomer is not usual till the fortieth or

forty-fifth year.

Conchas Nasales Inferiores.

The inferior conchse (O.T. inferior turbinated bones) are two shell-like laminse

of bone lying along the lower part of the lateral wall of the nasal cavity on either

Cribriform plate Ethmoidal labyrinth

Fig. 151.

—

The Ethmoid seen from above

Lacrimal process

Ethmoidal process

Ethmoidal process Lacrimal process

Maxillary process

B
Fio. 152.—The Right Inferior Concha. A, Medical Surface ; B, Lateral Surface.

side. Of elongated form, the bone displays two curved borders enclosing a medial
and lateral surface.

The superior or attached border is thin and sharp in front and behind, where
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it articulates with the interior conchal crests ou the medial surface of the body
of the maxilla aud the perpendicular part of the palate bone, respectively. Be-

tween these two articulations the central part of the superior border rises in the

form of a sharp crest, the anterior part of which forms the upstanding lacrimal

process which articulates above with the descending process of the lacrimal bone,

as well as with the edges of the naso-lacrimal groove of the maxilla, thus com-
pleting the osseous canal of the naso-lacrimal duct. The posterior end of this crest

is elevated in the form of an irregular projection called the ethmoidal process. This

unites with the uncinate ])roces8 of the ethmoid bone (see Fig. 150j. Spreading

downwards from the middle of the superior border, on its lateral side, is a thin

irregular plate of bone, the maxillary process, which partially conceals the lateral

concave surface of the bone, and, by its union with the medial wall of the

maxillary sinus, assists in the completion of the partition which separates that

cavity from the inferior nasal meatus.

The inferior or free border, gently curved from before backwards and turned
slightly laterally, is rounded and full, and formed of bone which is deeply pitted

and of a somewhat cellular character. The anterior and posterior extremities of

the bone, formed by the convergence of the superior and inferior borders, are thin

and sharp ; as a rule the posterior end is the more pointed of the two. The medial

surface projects into the nasal cavity ; convex from above downwards, and slightly

curved from before backwards, it forms the floor of the middle meatus. It is

rough and pitted, and displays some scattered and longitudinally directed va.scular

grooves. The lateral surface overhangs the inferior meatus of the nose. Concave
from above downwards, and to some extent from before backwards, it is directed

towards the lateral wall of the nasal cavity. It is smooth in front, where it

corresponds to the opening of the canal for the naso-lacrimal duct; behind and
towards its inferior border it is irregular and pitted. In the disarticulated bone
this surface is in part concealed by the downward projecting maxillary process.

Connexions.— The inferior concha articulates with the maxilla, lacrimal, ethmoid, and
palate bones.

Ossification.—The inferior concha (the maxillo-turbinal of comparative anatomy)
is derived from the cartilage forming the lateral wall of the nasal capsule, the upper
portion of which forms the ethmo - turbinals. It ossifies, however, from a separate

centre, which appears about the fifth month of foetal life, and later contracts a union

by a horizontal lamella on its lateral side with the maxilla.

Ossa Lacrimalia.

The lacrimal bone, a thin scale of bone about the size of a finger-nail, forms part

of the medial orbital wall behind the frontal process of the maxilla. Irregularly

quadrangular, it has two surfaces—a medial and lateral—and four borders.

Its lateral or orbital surface has a vertical ridge, the crista lacrimalis pos-

terior (posterior lacrimal crest), running downwards upon it. In front of this is

the sulcus lacrimalis (lacrimal groove) for the lodgment of the lacrimal sac. The
medial wall of this groove descends below the level of the

bulk of the bone, and forms the descending process, which oibitai suhucu

helps to complete the osseous canal for the naso-lacrimal

•duct, and articulates inferiorly with the inferior concha.

The inferior end of the lacrimal crest terminates in a hook-

Uke projection, the hamulus lacrimalis (lacrimal booklet),

which curves round the posterior and lateral edge of

the naso-lacrimal notch of the maxilla, and thus defines

the upper aperture of the canal for the naso-lacrimal duct.

To the free edge of the crest, behind the lacrimal groove, are

attached the reflected portion of the medial palpebral liga- ^^^ 15.3.—right Lacrimal
ment and the lacrimal part of the orbicularis oculi, the crest Bone (Orbital Surface),

being sometimes thickened at the site of this attachment.

The part of the bone behind the lacrimal crest is smooth and continuous with the

surface of the lamina papyracea of the ethmoid. The medial surface is irregular and
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cellular above ; it closes in some of the anterior ethmoidal cells and helps to

complete the infimdibulum. Where it is smoother it forms a part of the

lateral wall of the middle meatus of the nose immediately behind the frontal

process of the maxilla, and above the inferior concha. The superior border

articulates with the orbital part of the frontal; the anterior edge with the

posterior border of the frontal process of the maxilla, with which it completes

the lacrimal groove for the lodgment of the lacrimal sac. The inferior margin

articulates with the orbital surface of the maxilla, and in front by its descending

process with the inferior concha. Posteriorly the bone articulates with the

anterior border of the lamina papyracea of the ethmoid.

Connexions.—The lacrimal bone articulates witb four bones—the frontal, ethmoid, inferior

concha, and the maxilla.

Ossification.—The lacrimal is developed from a single centre, which makes its

appearance about the end of the second or the beginning of the third month of intra-

uterine life in the membrane around the cartilaginous nasal capsule.

Groove for
°''/ iiaso-palatine

nerve

Maxilla

Fig. 154.

—

The Vomer as seen from the
Right Side.

Vomer.
The vomer or ploughshare bone, a bone of irregular quadrilateral shape, is

placed in the posterior part of the nasal septum. It has four borders and two
surfaces. The superior border, which can

o^^M (-.,.„,,> f^. readily be distinguished by the presence

Q^^^^,^
on either side of an everted lip or ala,

for septal slopcs from behind upwards and forwards,

and articulates with the inferior surface

of the body of the sphenoid,- the pointed

rostrum of which is received into the

groove bounded by the projecting alse.

Laterally these alae are wedged in between
the sphenoidal processes of the palate

bones in front, and the vaginal processes

at the root of the medial laminae of the

pterygoid processes behind. The posterior border, which slopes from behind down-
wards and forwards, is free, and forms a sharp, slightly curved edge ; this con-

stitutes the posterior margin of the nasal septum, and
serves to separate the openings of the choanse (O.T.

posterior nares). The inferior border, more or less

horizontal in direction, articulates with the nasal

crest formed by the maxillae and palate bones. The
anterior edge is the longest ; it slopes obliquely from
above downwards and forwards. In its upper half

it is ankylosed to the perpendicular plate of the

ethmoid ; in its lower half this margin is grooved for

the reception of the septal cartilage of the nose.

The anterior extremity of the bone forms a trun-

cated angle, which articulates with the posterior border of the incisor crest of

the maxillae, and sends downwards a pointed process which passes between

the incisor foramina. The right and left surfaces of the bone are smooth and
covered by mucous membrane. It is not uncommon to find them deflected to

one or other side. A few vascular grooves may be noticed scattered over these

surfaces, and one, usually more distinct than the others, running obliquely down-
wards and forwards, indicates the course of the naso-palatine nerve.

Connexions.—The vomer articulates with the sphenoid, the ethmoid, the palates, and the

maxillai. In front it supports the septal cartilage.

Ossification.—The vomer commences to ossify in membrane at the end of the

second month. A nucleus appears on each side of the middle line, below the nasal

septum, medial to the plane of the anterior paraseptal cartilages and posterior to them.

During the third month the nuclei, which have increased in height and length.

Fig. 155.

Vomer at Birth, displaying its forma-

tion by two Osseous Laminae united

inferiorly. The figure to the right

exhibits the appearance of the bone,

in vertical section, at the point

marked -x- iu tlie left figure.
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fuse at their lower edges, and by forward growth invade the posterior end of each
anterior paraseptul cartihige, thus forming a deep groove in whicli the septal cartilage

is lodged (Fawcett). As growth goes on the groove becomes reduced by the further
fusion of the lateral plates and the absorption of the cartilage, initil the age of puberty,
by which time the lateral laminjc have united to form a median plate, the primitively

divided condition of which is now only represented by the eversion of the also and
the grooving along the anterior border. According to Fawcett, the ossification of the
Jacobsonian cartilage produces a hitherto undescribed clement in the formation of the
osseous nasal septum.

Ossa Nasal ia.

The nasal bones, two in number, lio in the interval between the frontal

processes of the maxillae, there forming the bridge of tlie nose. Each bone
is of elongated quadrangular form,

having two surfaces—an inner and ^^a^ b^"^^'
outer—and four borders. The outer /^^i^iii /r3^
surface, somewhat constricted about =

its middle, is convex from side to |

side, and slightly concavo-convex from a

above downwards. Near its centre M
3

there is usually the opening of a |

nutrient canal.
'"

The inner surface is not so ex-

tensive as the outer, as the superior

and anterior articular borders encroach

somewhat upon it above. Concave ,^ -.r^ „, t. xt ^
r. -1 ^ ^-1 J 1 r. 1 Fig. 156.—The Right Nasal Bone.
from side to side, and also from above A, Lateral side ; B, Me.lial side.

downwards, it is covered, in the recent

condition, by the mucous membrane of the nose. Eunning downwards along this

surface is a narrow groove (sulcus ethmoidalis) which transmits the anterior

ethmoidal nerve. The anterior or medial border, thin below, is thick above,

and, in conjunction with its fellow at the opposite side, with which it

articulates, forms a median crest posteriorly, which is united to the spine of the

frontal, the perpendicular plate of the ethmoid, and the septal cartilage of the nose,

in that order from above downwards. The posterior or lateral border, usually

the longest, is serrated and bevelled to fit on to the anterior edge of the frontal

process of the maxilla. The superior border forms a wide toothed surface, which

articulates with the medial part of the nasal notch of the frontal bone anteriorly

;

whilst, posteriorly, it rests in contact with the root of the nasal process of the same
bone. The inferior border is thin and sharp, and is connected below with the lateral

cartilage of the nose, and is usually deeply notched near its medial extremity.

Connexions.—The nasal bone articulates with its fellow of tlie opposite side, with the frontal

above, posteriorly with the perpendicular plate of the ethmoid and with the frontal process of the

maxilla. It is also imited to the septal and lateral cartilages of the nose.

Ossification.—The nasal bones are each developed from a single centre, which

makes its appearance, about the end of the second month, in the membrane covering the

anterior part of the cartilaginous nasal capsule. Subsequent to birth the underlying

cartilaginous stratum disappears, persisting, however, below in the form of the lateral

nasal cartilage, and behind as the septal cartilage of the nose.

Ossa Suturarum (O.T. Wormian).

Along the line of the cranial sutures and in the region of the fontanelles, isolated

bones of irregular form and variable size are occasionally met with. These are the once so-

called Wormian bones, nan\ed after the Danish anatomist Wormius. They are now called

ossa suturarum (sutural bones). Their presence depends on the fact that they are either

developed from distinct ossific nuclei, or it may be from a division of the primary ossific

deposit. Their occurrence may also be associated with certain pathological conditions

10



146 OSTEOLOGY.

which modify the development of the bone. They usually include the whole thickness

of the cranial wall, or they may only involve the outer or inner tables of the cranial

bones. They are most frequent in the region of the lambda and the lambdoid suture.

They occur commonly about the pterion, and in this situation are called epipteric hones

(Flower). By their fusion with one or other of the adjacent bones they here lead to the

occurrence of a fronto-squamosal suture. Their presence has also been noted along the

line of the sagittal suture, and sometimes in metopic skulls in the inter-frontal suture.

They are occasionally met with at the asterion and more rarely at the obelion. They
appear less frequently in the face, but their presence has been noted around the lacrimal

bone, and also at the exti-emity of the inferior orbital fissure, where they may form an

independent nodule wedged in between the great wing of the sphenoid, the zygomatic, and

the maxillary bones.

OSSA FACIEI.

The bones of the face, seven in number, comprise two maxillse, two palates,

two zygomatics, with the mandible or lower jaw.

The lYIaxillaB.

'Frontal process

Lacrimal groove

The maxillae, of which there are two, unite to form the upper jaw. Each
consists of a body, with which are connected four projections, named respectively

the zygomatic, frontal, alveolar, and palatine processes.

The body (corpus) is of pyramidal form, and contains within it a hollow called

the maxillary sinus. It has four surfaces—a facial or antero-lateral, an infra-

temporal or postero-lateral, an orbital or supero-lateral, and a nasal or medial

—

and four processes—the malar, frontal, alveolar, and palatine.

Surfaces.— The fades anterior (antero-lateral surface) is confluent below with

the alveolar process. Above, it is separated from the orbital aspect by the

margo infraorbitalis (infra-orbital margin), whilst medially it is limited by the free

margin of the nasal notch, which ends below in the pointed spina nasalis anterior

(anterior nasal spine). Posteriorly it is separated from the infra-temporal surface by
the inferior border of

the zygomatic process.

The facial aspect of the

bone is ridged by the

sockets of the teeth

(juga alveolaria). The
ridge corresponding to

the root of the canine

tooth is usually the

most pronounced; med-
ial to this, and over-

lying the roots of the

incisor teeth, is the

shallow incisive fossa,

whilst placed laterally,

on a higher level, is

the deeper canine fossa,

the floor of which is

formed in part by the

projecting zygomatic
process. Above this,

and near the infra-

orbital margin, is the

infra - orbital foramen,

the external opening of the infra-orbital canal, which transmits the infra-orbital

nerve and artery.

Infra-orbital

foramen

Tuberosity

Fig. l.'i?.—The Uiuht Mami.i.a (l.aterul \'icw).
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or postero - lateral surface is separated abfjvu I'rom

ruiuided I'reo edi^e, vvliicli forms the anterior uiarfriu

Front ril lirorr-^s

Kidge for middle
conulia

Middle meatus'

Kidge for inferior

concha

Incisor crest

Anterior nasal
spine

Palatine
jirocess

Alveolar
I)roce88

Nasal crest

Fig. 158.

—

The Right Maxilla (Medial Aspect).

The infra - temporal
the orbital aspect by a

of the inferior orbital

fissure in the articulated

skull. luferiorlyand an-

teriorly it is separated

from the auterior surface

by the zygomatic process

and its free lower border.

Medially it is limited by
a sharp, irregular margin
with which the palate

bone articulates.. This
surface is more or less

convex, and is directed

towards the infra-tem-

poral and pterygo-pala-

tine fossii}. It is pierced

in a downward direction

by the apertures of the

alveolar canals (foramina

alveolaria), two or more
in number, which trans-

mit the corresponding

nerves and vessels to the

molar teeth. Its lower

part, slightly more pro-

minent wiiere it over-

hangs the root of the third molar, is often called the tuber maxillare (maxillary

tuberosity).

The planum orbitale (orbital surface), smooth and plane, is triangular in shape

and forms part of the floor of the orbit. Its anterior edge corresponds to the

infra-orbital margin ; its posterior border coincides with the anterior boundary
of the inferior orbital fissure. Its thin medial edge, which may be regarded

as the base of the triangle, is notched in front to form the sulcus lacrimalis

(lacrimal groove), behind which it articulates with the lacrimal bone for a short

distance, then for a greater length with the lamina papyracea of the ethmoid,

and terminates posteriorly in a surface for articulation with the orbital process

of the palate bone. Its lateral angle corresponds to the base of the zygomatic

process. Traversing its substance is the infra-orbital canal, the anterior opening of

which has been already noticed on the anterior aspect of the body. Behind, however,

owing to deficiency of its roof, the canal forms a groove which lips the edge of the

bone which constitutes the anterior boundary of the inferior orbital fissure. If this

canal be laid open, the orifices of the middle and anterior alveolar canals will be

seen, wliich transmit the corresponding vessels and nerves to the premolar, canine

and incisor teeth.

The fades nasalis (nasal surface) of the body is directed medially towards the

nasal cavity. Below, it is confluent with the superior surface of the palatine process
;

anteriorly it is limited by the sharp edge of the nasal notch ; above and anteriorly it

is continuous with the medial surface of the frontal process ; behind this it is deeply

channelled by the lacrimal groove, which is converted into a canal by articulation

with the lacrimal and inferior conchal bones. The channel so formed conveys the

naso-lacrimal duct from the orbital cavity above to the inferior nasal meatus below.

Behind this groove the upper edge of this area corresponds to the medial margin
of the orbital surface, and articulates from before backwards with the lacrimal,

lamina papyracea of the ethmoid, and the orbital process of the palate bone. The
posterior border, rough for articulation with the palate bone, is traversed obliquely

from above downwards and slightly medially by a groove, which, by articulation

with the palate bone, is converted into the pterygo-palatine canal, which transmits
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the greater palatine arterj and anterior palatine nerve. Towards its upper and
posterior part the nasal surface of the body displays the irregular, more or less

triangular, opening of the maxillary sinus. This aperture which, in the articulated

skull opens into the middle meatus of the nose, is much reduced in size by articula-

tion with the lacrimal, ethmoid, palate, and inferior conchal bones. In front of

the lacrimal groove the nasal surface is ridged horizontally by the crista conchalis

(inferior conchal crest), to which the inferior conchal bone is attached. Below this

the bone forms the lateral wall of the inferior nasal meatus, receiving the termina-

tion of the lacrimal groove. Above, and for some little distance also on the

medial side of the frontal process, it constitutes the smooth lateral wall of the

atrium of the middle meatus.

Processes. — The processus zygomaticus (zygomatic process), which is

placed on the antero-lateral surface of the body, is confluent anteriorly with

the facial surface of the body
;

posteriorly, where it is concave from side to

side, with the infra-temporal surface ; whilst superiorly, where it is rough and
articular, it forms the apex of the triangular orbital surface, and supports the

zygomatic bone. Inferiorly, its anterior and posterior surfaces meet to form an
arched border, which fuses with the alveolar process opposite the root of the first

molar tooth, and serves to separate the anterior from the infra-temporal surfaces of

the body.

The processus frontalis (frontal process) arises from the upper and anterior

part of the body. It has two surfaces—one lateral, the other medial. The lateral is

divided into two by a vertical ridge (crista lacrimalis anterior), which is the upward
extension of the infra-orbital margin. The narrow strip of bone behind this ridge

is hollowed out, and leads into the lacrimal groove below. Posteriorly the edge

of the frontal process here articulates with the lacrimal, and so forms the fossa for

the lodgment of the lacrimal sac (fossa sacci lacrimalis). In front of the vertical

crest, to which the medial palpebral ligament is attached, the lateral surface is

confluent below with the facial surface of the body, and forms the side of the root of

the nose. Here may often be seen a vascular groove entering the bonei. Its anterior

edge is rough, or grooved, for articulation with the nasal bone. Superiorly the

summit of the process is serrated for articulation with the nasal notch of the

frontal bone. The medial surface of the frontal process is directed towards the

nasal cavity. It is crossed obliquely from below upwards and backwards by a ridge

—the agger nasi or ethmoidal crest which is considered to be a vestige of the naso-

turbinal which is met with in some mammals. Below this the bone is smooth and
forms the upper part of the atrium of the middle meatus, whilst the ridge

itself articulates posteriorly with the anterior part of the middle conchal bone,

formed by the inferior concha of the ethmoid bone.

The processus alveolaris (alveolar process) projects from the inferior surface

of the body of the bone below the level of the palatal process. Of curved form, it

completes, with its fellow of the opposite side, the alveolar arch, in which are

embedded, in sockets or alveoli, the roots of the teeth of the maxilla ; ordinarily

in the adult, when dentition is complete, each alveolar process supports eight teeth.

Piercing the medial surface of the alveolar border behind the incisor teeth two

small vascular foramina are usually visible. When any or all the teeth are shed

the alveoli become absorbed, and the process may under these circumstances be

reduced to the level of the plane of the palatine process. Posteriorly the alveolar

process ends below the maxillary tuberosity of the body ; anteriorly it shares in the

formation of the intermaxillary suture.

The processus palatinus (palatine process), of the form of a quadrant, lies in

the horizontal plane; it has two surfaces—superior and inferior—and three borders,

a straight medial, a more or less straight 'posterior, and a curved lateral, by which
latter it is attached to the medial side of the body and alveolar process as far back

as the interval between the second and third molar teeth. Its inferior surface,

together with that of its fellow, forms the anterior three-fourths of the vaulted

hard palate ; it is rough and x>itted for the glands of the mucous membrane of the

roof of the mouth, and is grooved, near the alveolar margin, by one or two
channels which pass forward from the pterygo - palatine canal and transmit the
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anterior palatine nerve and greater palatine artery. Its superior surface,

smooth and concave from side to side, forms the Hoor of the corresponding

nasal cavity. Its medial border, Ijroud and serrated, rises in a ridgi; superiorly, so as

to form with its i'ellow of the opposite side the nasal crest, whicli is grooved
superiorly to rt^ceive the inferior border of the vomer. In front of its articulation

with the vomer this ridge rises somewhat higher, being named the incisor crest,

anterior to which it projects beyond the free border of the nasal notch, and
together with its fellow forms the pointed projection called the anterior nasal

spine. These parts support the septal cartilage of the nose. Immediately to the

lateral side of the incisor crest the superior surface of the palatine process is

pierced by a foramen which leads downwards, forwards, and a little medially, to

open into a broad groove on the medial border of the bone immediately behind
the central incisor tooth. When the two maxillae are articulated, the two grooves

form the oval foramen incisivum, into which the two afore-mentioned foramina open
like the limbs of a Y ; these are called the foramina of Stensen, and represent the

channels ))y which in lower animals the organs of Jacobson open into the mouth.
In man they afford a means of establishing an anastomosis between the vessels of

the mouth and nose. In front and behind these, and lying within the fossa and
in the line of the suture, are the smaller foramina of Scarpa, which transmit the

naso-palatine nerves, the right nerve usually passing through the posterior foramen,

the left through the anterior. The posterior border of the palatine process, which is

sharp and thin, falls in line with the interval between the second and third molar,

and articulates with the horizontal part of the palate bone.

Sinus Maxillaris. The maxillary sinus lies within the body of the bone, and
is of corresponding pyramidal form, its base being directed towards the nasal cavity,

with the middle meatus of which it communicates, its summit extending laterally

into the root of the zygomatic process. It is closed in anteriorly, posteriorly, and
above by the thin walls which form the anterior, infra -temporal, and orbital

surfaces of the body. Inferiorly it overlies the alveolar process in which the molar
teeth are implanted, more particularly the first and second, the sockets of which
are separated from it by a thin layer of bone.

The angles and corners of this cavity are frequently groined by narrow ridges

of bone, one superiorly corresponds to the relief formed by the infra-orbital canal.

A vascular and nervous groove is often exposed, curving along the floor of the

maxillary sinus just above the alveoli of the teeth. The interior of the cavity is

lined by an extension from the mucous membrane of the nose.

Connexions.—The maxilla articulates with the nasal, frontal, lacrimal, and ethmoid
bones al)ove,, laterally with the zygomatic, and occasionally with the .sphenoid, posteriorly

and medially with the palate, whilst on its medial side it unites with its fellow of the opposite

side, and also supports the inferior concha and the vomer.

Ossification.—The maxillae (proper) are developed in the connective tissue around

the oral aperture of the embryo. Ossification commences in membrane from one centre in

the neii^hbourhood of the canine tooth <,'erm. From this centre growth takes place

rapidly in several directions, viz., upwards on the lateral side of the nasal capsule to form

the posterior part of the frontal process, backwards to form the zygomatic process,

downwards to form the lateral wall of the alveolar process, and medially to form

the palatine process. From the latter a process descends downwards on the medial

side of the teeth to form the medial wall of the alveolar process. At first a large gap

intervenes between the greater part of the palatine process and the zygomatic process,

but bridges of bone ultimately connect the two, separating the various tooth germs,

and so forming the tooth sockets. About the fourth month the maxilla invades a

small lateral cartilaginous process of the nasal capside (Mihalkovics), and incorporates

it within itself. The infra-orbital nerve is at fii-st placed considerably above the orbital

surface of the maxilla, and only comes in contact with it in the second month when
a groove is formed on the bone, which by the uprising of its lateral wall and its folding

over medialwards finally encloses the nerve and forms the infra-orbital canal and fora-

men. This account of the ossification of the maxilla, which differs considerably from

that given in previous editions, is based on the work of Mall and F'awcett. In the early

stages of the development of the bone the alveolar groove, in which the teeth are
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A ^

B

developed, lies close below the infra-orbital groove, and it is not till later that they

become separated by the growth of the maxillary sinus, which first makes its

appearance as a shallow fossa to the medial side of the

orbito-nasal element about the fourth month. In the

adult bone the course of the infra-orbital canal and
foramen indicates the line of fusion of the orbito-nasal

and zygomatic elements, whilst the position of the

anterior palatine canal serves to determine the line of

union of the incisive with the palatine elements. In

addition to the foregoing centres, Rambaud and Renault
describe another, the infra-vomerine, which, together

with its fellow, is wedged in between the incisive and
the palatine elements beneath the vomer, thus explaining

the Y-shaped arrangement of the foramina of Stensen,

which open into the incisive foramen.

The premaxillse, which in most vertebrates are in-

dependent bones lying in front of the maxillse, constitute

in man and apes the portions of the maxilla which
lie in front of the incisive foramen, and support the

superior incisor teeth. Each premaxilla is developed

from two centres : a facial, which ultimately contains

the incisor and canine teeth, and forms the anterior part

of the hard palate, as well as the anterior half of the

frontal process of the complete maxilla (Fawcett) ; and
a palatine centre (infra vomerine of Rambaud and
Renault) which forms the medial wall of the correspond-

ing canal of Stensen. The former develops very early,

either before or after the maxilla (Mall), and fuses almost

,._-,,.,.,. p at once with the maxilla along the alveolar margin ; the
A, Jj3;tGrftl side

J
x5. iViediQii sme ^ Oj n , , ijjiiTnii i t p

Under side, a Nasal process • 6 latter appears about the twelfth week, and soon fuses

Orbital plate ; c, Anterior nasal spine

;

with the facial centre. The line of fusion of the pre-

c^, Infra-orbital groove ; e, Infra-orbital maxillse with the maxillae proper can be readily seen
foramen; /, Anterior palatine groove

;

-^ ^^^^^ ^^^ occasionally also in the adult. It
g, Palatine process; /i, Premaxillary ^^j^ ^j„ 4.„ „ „„4. „u;„t, „. „ j-i,„ ^^^-^

C
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Ossification of the
Maxilla.

suture ; i, Alveolar process. corresponds to a suture which passes on the palate

obliquely laterally and forwards, from the incisive

foramen to the interval between the lateral incisor and the canine tooth. In cases

of alveolar cleft palate the adjacent bones fail to unite along the line of the suture.

In some instances, however, the cleft passes outwai'ds between the central and lateral

incisor teeth, and this condition suggests the explanation that the premaxillary element is

derived from two centres— a lateral and a medial. The researches of Albrecht and
Warinski support this view. The latter anatomist further observes that the lateral

cleavage may lead to a division of the dental germ of the lateral incisor tooth, and so

explain the occurrence of the supernumerary incisor which is occasionally met with. In

this way the different varieties of cleft palate are readily explained ; median cleft palate

being due to failure of union between the two premaxillary bones. Lateral cleft palate

may be of two types : the cleft in one case passing forwards between the central and
lateral incisor, and being due to the non-union of the two elements from which the

premaxilla is primarily developed ; the other, in which the cleft passes between the

lateral incisor and the canine, or between the lateral incisor and a supernumerary in-

cisor, owing to the imperfect fusion of the premaxilla laterally with the maxilla.

Ossa Palatina.

Tlic palate bone, of irregular shape, assists in the formation of the lateral

wall of the posterior part of the nasal cavity, the posterior portion of the hard
palate, the orbit, the pterygo-palatine, the infra-temporal, and the pterygoid fossce.

It consists of horizontal and vertical parts, united to each other like the limbs of

the letter L. At tlieir point of union there is an irregular outstanding process,

called the pyramidal process, wliilst capping the summit of the vertical part and
separated by a deep cleft are two irregular pieces of bone, called the sphenoidal and
orbital processes.
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The pars horizontalis (horizontal part) has two Hurf'aces aud four borders.

As its uaiiie iiiiplie.s, it is hori/outal in position, and forms the posterior third of

the hard palate. Its superior surface, which is smooth, is slightly concave from side

to side, and forms the floor of the posterior part of the nasal cavity. Its inferior

surface, rougher, is directed towards the mouth, and, near its posterior edge, often

displays a transverse ridge for tiie attachment of a part of the aponeurosis of the

tensor veli palatini muscle. The anterior border articulates Vjy means of an irregular

suture with the posterior edge of the palatini; process of the ma.xilla. The posterior

margin is free aud concave from side to side; Ijy its sharp edge it furnishes

attachment to the aponeurosis of the soft palate. The medial border is upturned,

and wlien it articulates with its fellow of the opposite side it forms superiorly

a central crest continuous in front with the nasal crest of the maxilla ; it

supports the posterior part of the inferior border of the vomer, and projecting

beyond the line of the posterior border forms the posterior nasal spine. The
lateral border fuses with the vertical part, forming with it a right angle.

The posterior extremity of this edge is grooved by the foramen palatinum

majus.

Sphenoid Orbital process

, Ethmoid

Orbital surface

For maxilla

Orbital process

Pterygo-
palatiue fossa
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For medial
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For lateral f

pterygoid
lamina

Pyramidal -
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Richt Palate Bone.

A, As seen from the Lateral Side ; B, As viewed from the Medial Side.

The pars perpendicularis (parpendiciilar part) is very much broader Ivelow

than above. Composed of thin bone, particularly at its superior part, it is liable

to be broken in the process of disarticulation, so that it is somewhat uncommon to

meet with a perfect specimen. It may be described as possessing two surfaces

and four borders. Its medial surface, which is directed towards the cavity of the

nose, is crossed horizontally, about its middle, by the crista conchalis (conchal crest)

with which the posterior end of the superior border of the inferior conchal bone

articulates ; above and below this, it enters into the formation ot^ the lateral wall

of the middle and inferior meatuses of the nose, respectively. Near the superior

extremity of the perpendicular part, and below the processes which spring from it,

there is another ridge more or less parallel to that already described. This is the

crista ethmoidalis (ethmoidal crest), aud with tliis the posterior extremity of the middle

concha articulates. The lateral surface, which forms the medial wall of the pterygo-

palatine fossa, is channelled by a vertical groove (sulcus pterygopalatinus), converted

into the pterygo-palatine canal by articulation with the maxilla. This canal, called

at its lower end the greater palatine foramen, transmits the posterior palatine nerve

and greater palatine vessels. Anteriorly the lateral surface projects forwards to a

variable extent, and helps to close in the maxillary sinus by its maxillary process.

The anterior border is a thin edge, of irregular outline, which articulates above with

the ethmoid, with the posterior edge of the maxillary process of the inferior conchal

bone about its middle, and below with the maxilla. The posterior border, thin above,
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Fig. 161.—The Right Palate Bone.

As seen fi-om behind.

where it articulates with the anterior part of the medial pterygoid lamina, expands

below into the pyramidal process. The inferior border of the vertical part is con-

tiuentwith the lateral edgeof the horizontal

part; posteriorly, and immediately in front

of the tuberosity, it is notched by the lower

extremity of the greater palatine foramen.

The superior border supports the orbital

and sphenoidal processes ; the former—
the anterior—is separated from the latter

by a notch (incisura sphenopalatina), which
is converted into the spheno-palatine fora-

men by the articulation of the palate bone
with the inferior surface of the sphenoid.

Through this communication between the

pterygo-palatine fossaand nasal cavity pass

the spheno-palatine artery and the nasal

branches of the spheno-palatine ganglion.

The processus pyramidalis (pyra-

midal process) is directed backwards and
laterally from the angle formed by the

perpendicular and horizontal parts, and
presents, on its posterior surface, a central

smooth vertical groove, bounded on each side by rough articular furrows which
unite above in a V-shaped manner with the upper thin posterior edge. These latter

articulate with the anterior parts of the lower portions of the medial and lateral ptery-

goid laminse, while the central groove fits into the wedge - like interval between the

two pterygoid laminae, thus entering into the formation of the pterygoid fossa. The
lateral surface of the pyramidal process is rough above, where it is confluent with the

lateral surface of the perpendicular part which articulates with the tuberosity of

the maxilla ; below, there is a small, smooth, triangular area which appears between
the tuberosity of the maxilla and the lateral surface of the lateral pterygoid lamina,

and 80 enters into the medial wall of the infra-temporal fossa. Passing through

the pyramidal process in a vertical direction are the foramina palatina minora

(lesser palatine foramina) for the transmission of the lesser palatine nerves and
vessels.

The processus orbitalis (orbital process), shaped like a hollow cube, surmounts
the anterior part of the vertical plate. The open mouth of the cube is usually directed

backwards and medially towards the anterior part of the body of the sphenoid, with the

cavity of which it commonly communicates; the anterior part of the cube articulates

with the medial end of the angle formed by the orbital plate and infra-temporal

surface of the maxilla. Of the remaining four surfaces, one directed forwards

medially articulates with the ethmoid. The others are non-articular : the superior

enters into the formation of the floor of the orbit; the lateral is directed towards

the pterygo-palatine fossa ; whilst the inferior, which is confluent with the medial

surface of the vertical part, is of variable extent, and overhangs the superior

meatus of the nose.

The processus sphenoidalis (sphenoidal process), much smaller than the

orbital, curves upwards,medially, and backwards from the posterior part of the summit
of the perpendicular part. Its superior surface, which is grooved, articulates with the

anterior part of the inferior surface of the body of the sphenoid and the root of the

medial pterygoid lamina, thereby converting the groove into the pharyngeal canal,

which transmits an artery of the same name together with a pharyngeal branch
from the spheno-jjalatine ganglion. Its lateral side enters into the formation of part

of the medial wall of the pterygo-palatine fossa. Its medial curved aspect is

directed towards the nasal cavity, whilst its medial edge is in contact with the ala

of the vomer.

Connexions.—The palate bone articulates with its fellow of the opposite side, with the
ethiuoid, vomer, sphenoid, maxilla, and inferior concha.
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Ossification.—The palate bone:08sifie8 in membrane at the side of the nasal segment
of the Itucco-iiasal cavity, medial to the descending palatine nerves, at a time when each

half of the developing palatine shelf is hanging down by the side of the tongue. When
the palatine shelf becomes horizontal, as it does in the fifth week, bone extends into it

to form the horizontal plate. From this common centre all parts of the palate bone
develop but the orbital process may be ossified from an independent centre, which either

fuses with the palate bone, or with the sphenoid, or with the ethmoid.

Ossa Zygomatica.

The zygomatic bone (O.T. malar) underlies the most prominent part of

the cheek, and is. hence often called the cheek-bone. Placed to the lateral side

of the orbital cavity, it forms the sharp lateral border of that lioUow, and serves

to separate that space from the temporal and infra-temporal fossie which lie behind
;

below, it rests upon and is united to the maxilla ; behind, it enters into the for-

mation of the zygomatic arch, which bridges across the temporal fossa.

As viewed from the lateral side, the bone is convex from side to side, and has
four processes, of which three are prominent. These are the fronto - sphenoidal

Fronto-spheiioidal process Froiito-splienoidal process

Teinpoial b(irili>i

Masseteric
border

Orbital j-roccss

Ti'iiiix)ral

process

Infra-

temporal
surface
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The Right Zygomatic Bone. A, Lateral Side ; B, Medial Side.

(processus frontosplienoidalis), the marginal or pointed extremity of the maxillary

border, and the temporal (processus temporalis). The most elevated part of the

convex malar surface (facias malaris) forms the malar tuberosity.

The temporal process ends posteriorly in an oblique edge, which articulates

with the extremity of the zygomatic process of the temporal bone. The fronto-

sphenoidal process, the most prominent of the three, is united superiorly to

the zygomatic process of the frontal bone. The edge between the frontal and
temporal processes is thin and sharp ; it affords attachment to the temporal fascia,

and near its upper end there is usually a pronounced angle (processus marginalis),

formed by a sudden change in the direction of the border of the bone. It is just

below this point that the zygomatico-temporal branch of the zygomatic nerve

becomes cutaneous. The inferior margin of the temporal process is somewhat
thicker and rounded ; it extends downwards and forwards towards the inferior

angle, where the bone articulates with the maxiUa, and is there confluent with the

ridge which separates the facial from the infra- temporal aspect of the maxilla.

This edge of the bone is sometimes called the masseteric border, since it aftbrds

attachment to the fibres of origin of the masseter muscle. Sweeping downwards, in

front of the fronto-sphenoidal process, is a curved edge which terminates inferiorly

in a pointed process. This border forms the lateral and, in part, the inferior margin
of the orbital cavity. Between the anterior extremity of the masseteric edge and
the pointed anterior angle there is an irregular suture by which the bone is

joined to the maxilla. The opening of the foramen zygomaticofaciale (zygomatico-



154 OSTEOLOGY.

facial foramen) is seen on the lateral surface of the bone ; its size and position

are very variable.

The medial aspect of the bone is distinguished by a curved elevated crest, called

the orbital process, which extends medially and backwards, and is confluent

laterally with the orbital margin. This process has two surfaces—one anterior,

which forms a part of the lateral and lower wall of the orbit, and one posterior,

which is directed towards the temporal fossa above and the infra-temporal fossa

below. The free edge of the orbital process is thin and serrated ; a little below

its middle it is usually interrupted by a non-articular notch, which corresponds

to the anterior extremity of the inferior orbital fissure. The part above this

articulates with the great wing of the sphenoid, the portion below with the orbital

surface of the maxilla. Behind the orbital process the medial surface of the bone is

concave from side to side, and extends backwards along the medial aspect of the

temporal process and upwards over the posterior half of the medial side of the

frontal process, thus entering into the formation of the infra-temporal and temporal

fossae respectively. The orbital surface of the orbital process usually displays the

openings of two canals (foramina zygomatico-orbitalia)—one which traverses the

bone below the orbital margin and appears on the front of the bone as already

described, the other which passes obliquely upwards and laterally through the

orbital process and appears in the temporal fossa, to the medial side of the frontal

process (foramen zygomaticotemporale). The former

transmits the zygomatico-facial branch, the latter the

zygomatico- temporal branch of the zygomatic nerve.

Just under the orbital margin and a short distance

below the zygomatico-frontal sutures there is usually

a small tubercle serving for the attachment of the

lateral palpebral raphe. (Whitnall, Journ. Anat.
Club-shaped process

^^^^ Phvsiol VOl xlv )

''%\'o„;7.rB™frB™.
'"=

Bflo" the orbital process there is a rough tri-

angular area, bounded laterally by the maxillary

border. This articulates with the zygomatic process of the maxilla, and occasionally

forms the lateral wall of the maxillary sinus.

Connexions.—The zygomatic bone articulates with the frontal, sphenoid, maxilla, and
temporal bones.

Ossification.—The zygomatic ossifies in membrane. Its basis appears about the tenth

week as a thin ossifying lamina which corresponds to the orbital margin, attached to

which there is a backward expansion corresponding to the body of the bone ; from this

posteriorly there extends the element of the temporal process. On the medial side, and

lying within the angle formed by the orbital and temporal elements, there appears a

secondary thickening, which develops into a cup-shaped layer which fits into the recess

and ultimately forms the surface of the bone directed to the temporal fossa. Below

the orbital margin on the medial side, and extending backwards towards the temporal

process, is another secondary thickening, which forms a club-shaped nodule, the thick

end of which is directed forwards, whilst posteriorly it forms, in part, the lower margin

of the body and temporal process. The overlap of these several parts leads to the

formation of grooves which may persist in the adult as sutures. (Karl Toldt, junr.,

Sitzshr. ties Akad. des Wiss., Wien, July 1902.) Regarding the ossification of this bone

there are great differences of opinion ; not a few anatomists describe it as developed from

a single centre. Support, howevef, is given to its origin from multiple centres owing to

the frequency with which in the adult it is met with in a divided condition.

IVIandibuIa.

The mandible or lower jaw, of horse-shoe shape, with the extremities up-

turned, is the only movable bone of the face. Stout and strong, it supports

the teeth of the lower dental arch, and articulates with the base of the cranium,

by the joints, on either side, between its condyles and the mandibular fosste of the
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temporal bones. Tfie iinterior or liorizontal part, which contains the teeth, is

called the corpus mandibulae (body) ; the posterior or vertical portions constitute the
rami mandibulae.

'i'he body (lisplay.s in the median plane, in front, a faint vertical ridge, the
symphysis, which indicates the line of fusion of the two symmetrical lialves from
wliich llie hone is primarily developed. In-

teriorly this ridge divides so as to enclose, in

well-marked s])ecimens, a triangular area—the

protuberantia mentalis (mental protuberance),

the centre of which is somewhat depressed, thus
emphasising the inferior angles, which are

known as the tubera mentalia (mental tubercles).

The lateral surface is crossed l»y a faint, elevated
ridge, the linea obliqua (oblique line), which
runs upwards and backwards from the mental
tubercle to the lower part of the anterior
border of the ramus, with which it is conflu-

ent. From this

ridge arise the m.

quadratuslabiiin-

feriorisand the tri-

angular muscle.

A little above this,

midway between
the upper and
lower borders of

the mandible, and
in line with the

root of the second

premolar tooth,

the bone is pierced

by the mental fora-

men ; this is the

anterior opening
of the inferior

alveolar canal, which traverses the body of the bone. Through this aperture

the mental vessels and nerves reach the surface. The upper border supports

the sixteen teeth of the mandible. It is thick behind and thinner in front, in

correspondence with the size of the roots of the teeth. Anteriorly the sockets

of the incisor and canine teeth produce a series of vertical elevations (juga

alveolaria), of which that corresponding to the canine tooth is the most prominent.

When this is outstanding it gives rise to a hollowing of the surface between
it and the symphysis, often referred to as the incisor fossa ; frequently, however,

this is only faintly marked. Below the oblique line the bone is full and rounded,

and ends below in the basis mandibulae (inferior border). This slopes laterally

at the sides, and forwards in front, where it is thick and hollowed out on either

side of the symphysis to form the digastric fossae, to which the anterior

bellies of the digastric muscles are attached ; narrowing somewhat behind
this, the base again expands opposite the molar teeth, and finally becoming
reduced in width, terminates posteriorly at the angle formed between it and
the posterior border of the ramus. The medial surface of the body is crossed

by the mylo - hyoid line. This slants from above downwards and forwards

towards the lower part of the symphysis. It serves for the origin of the

mylo - hyoid muscle, and also, just behind the last molar tooth, furnishes an
attachment to the superior constrictor of the pharynx. Below the posterior part

of this ridge the surface is hollowed to form a fossa for the lodgment of the

submaxillary gland. Above the anterior part of the mylo-hyoid line the bone is

smooth and usually convex. Here the sublingual gland lies in relation to it.

In the angle formed by the convergence of the two mylo-hyoid lines, and in

Fio. 164.

—

The Mandible as seen from the Left Side.

1. Mental tubercle.

2. Mental protuberance.

3. Symphysis.

4. Coronoifl processes.

5. Condyloid processes.

6. Neck.

7. Angle.

8. Oblique line.

9. Mental foran)en.
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The Medial Side of the Right Half of the Mandible.

10. Fossa for submaxillary

correspondeuce with the back of the lower part of the symphysis, there is a

raised tubercle surmounted by two laterally placed spines, the mental spines.

Occasionally these are again subdivided into an e

upper and lower pair, or it may be that the lower

pair may fuse to form a rough median ridge. To
the upper pair of spines the genio-glossi muscles

are attached, whilst the lower pair serve for the

origin of the genio-hyoid muscles. Immediately

above the tubercle there is a median foramen for

the transmission of a nutrient vessel, and close

to the alveolar border opposite the intervals be-

tween the central and lateral incisors, there are

two little vascular canals.

The ramus mandibulse passes upwards from

the posterior part

of the body, form-

ing by the junc-

tion of its pos-

terior border with

the base of the

body the angulus

mandibulae (angle),

which is usually

rounded and more
or less everted.

The lateral sur-

face of the ramus
affords attach-
ment to the mas-
seter muscle, and
when that muscle

is powerfully de-

veloped the bone

is usually marked by a series of oblique curved ridges, best seen towards the

angle. About the middle of the deep or medial surface is the large opening
(foramen mandibulare) of the inferior alveolar canal, which runs downwards
and forwards to reach the body, and transmits the inferior alveolar vessels

and nerve. This aperture is overhung in front by a pointed scale of bone, the

lingula mandibulse, to the edges of which the spheno-mandibular ligament

is attached. Behind the lingula and leading downwards and forwards for

an inch or so from the opening of the inferior alveolar canal is the sulcus

mylohyoideus (mylo-hyoid groove), along which the mylo-hyoid artery and nerve

pass. Behind and below this groove the medial surface of the angle is rough for

the attachment of the internal pterygoid muscle. Superiorly the ramus supports

the coronoid process in front, and the condyloid process behind, the two being

separated by the wide incisura mandibulae (mandibular notch), over which there pass

in the recent condition the vessels and nerve to the masseter muscle. The
coronoid process, of variable length and beak-shaped, is limited behind by a thin

curved margin, which forms the anterior boundary of the mandibular notch. In

front its anterior edge is convex from above downwards and forwards, and becomes
confluent below with the anterior border of the ramus arid the oblique line.

To the medial side of this edge there is a grooved elongated triangular surface,

the medial margin of which, commencing above near the summit of the coronoid

process, leads downwards along the medial side of the root of the last molar tooth

towards the mylo-hyoid line. Behind this ridge the thickness of the ramus
is mucli reduced. The temporal muscle is inserted into the margins and medial

surface of the coronoid process. The posterior border of the ramus is continued

upwards to support the capitulum mandibulae (condyle), below which it is some-
what constricted to form the coUum mandibulse (neck), which is compressed from

12
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before backwards, and bounds the mandibular notch posteriorly. To the medial side

of the neck, immediately below the condyle, there is a little depression (fovea ptery-

goidea) for the insertion of the external pterygoid muscle. The convex surface of

the condyle is transversely

elongated, and so disposed

that its long axis is in-

clined nearly horizontally

medio - laterally and a

little forwards. The con-

vexity of the condyle is

more marked in its antero-

posterior than in its trans-

verse diameter, and tends

slightly to overhang the

mandibular notch. The
medial and lateral ends of

tlie condyle terminate in

tubercles which serve for

the attachment of part of

the articular capsule of

the joint.

Fio. 166.

—

Development of the Mandible.

As seen from tlie medial side ; B, from the lateral side
;

C, showing accessory (metaplastic) cartilages (blue).

(lu A aud B Meckel's cartilage is coloured blue.)

Ossification.—Its de-

velopment is intimately as-

sociated with Meckel's carti-

lage, the cartilaginous bar of

the first visceral or man-
dibular arch. Meckel's car-

tilages, of which there are

two, are connected proxi-

nmlly with the periotic capsule and cranial base. These distal ends meet, but do^ not

fuse, in the region of the symphysis. Ossification takes place chiefly from membrane,

in part from primordial cartilage (Meckel's cartilage), and also in part from accessory

(metaplastic) cartilages, which have no connexion with Meckel's cartilage, but arise

in the membrane fi-om which the greater part of the bone is formed. Before ossifica-

tion commences three structures are seen lying side by side in the mandibular arch of the

embryo. These are, from medial to lateral side, Meckel's cartilage, the inferior alveolar

nerve, which anteriorly divides into its two terminal branches, viz., the incisor and

mental nerves, and a dense connective tissue which stretches from before backwards

from close to the mid-line anteriorly to near the acoustic region posteriorly. Ossification

in membrane commences about the fortieth to forty-fifth day in the angle between the

incisor and mental nerves ; it extends rapidly backwards under the mental nerve, which

grooves its upper surface, and is ultimately enclosed within the mental foramen. At the

same time the outer alveolar wall is formed by the extension of this ossifying membrane
bone, from which later, about the third month, is developed by backward growth the

angle and ramus, the latter surmounted by a well-defined coronoid process. About the

forty-fifth day the inner alveolar wall, the so-called splenial element, is formed by an

ingrowth from the anterior part of the floor of the mental groove. This passes below the

incisor nerve and passes up between it and Meckel's cartilage, which it subsequently

overlaps, extending rapidly forwards and backwards to end posteriorly in the lingula

anterior to the point of origin of the mylo-hyoid nerve. The mandible, in point of time,

is the second bone to ossify, being preceded only by the clavicle. Ossification in

Meckel's cartilage.—This commences a little later than the first formation of the coronoid

process, opposite the first and second incisor tooth germs, not by independent ossification,

but by invasion of osteoblasts from the neighbouring membrane bone. The cartilage

becomes surrounded by shelves of bone projected medially both above and below it

from the main membrane bone. A bony tube is thus formed which extends from near

the mid-line anteriorly to the second milk tooth posteriorly. Within these limits

Meckel's cartilage becomes incorporated within the mandible. The extreme anterior

end of the cartilage does not, however, undergo ossification, and the posterior end, save

that part concerned in the formation of the malleus and incus, degenerates and ultimately

disappears. Ossification in accessory cartilages.—These appear at the following sites : one,
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a carrot-like mass, at the condyle ; the large end forms the condyle ; the tapering end
is wedged into the ossifying ramus under the root of the coronoid process. This cartilage

appears about the eleventh week. About the thirteenth week a strip of cai'tilage appears
along the anterior border of the coronoid process. Along the anterior end of the alveolar

walls close to the middle line, and turning down the symphysial surface of the mandible
to end below in the region of the future digastric impression, another mass of cartilage

appears about the fourteenth week. All the above cartilages are ossified by invasion

from the surrounding membrane bone and are not therefore independent centres. It

is possible that the symphysial cartilages may be occasionally independently ossified

and thus give rise to the ossa mentalia when they exist. From what has been stated

it thus appears that under normal conditions each half of the mandible ossifies from one

centre only. The above account is based on the researches of Low ^ and Fawcett.^

In a third or fourth month foetus the cartilage can be traced from the under surface

of the anterior part of the tympanic ring downwards and forwards to reach the jaw, to

which it is attached at the opening of the mandibular canal ; from this it may be traced

forwards as a narrow strip applied to the medial surface of the mandible, which it sensibly

grooves. The proximal end of this furrow remains permanently as the mylo-hyoid
groove. The part of the cartilage between the tympanic ring and the mandible dis-

appears, and its sheath becomes converted into fibrous tissue, and persists in the adult

as the spheno-mandibular ligament, its proximal end being continuous, through the

petro-tympanic fissure, with the slender process of the malleus, with the development of

which bone it is intimately associated. I. Chaine {Comptes Rendus, Biologie, 1903)
takes exception to this view and regards the spheno-mandibular ligament as the

remnant of a muscular slip.

At birth the mandible consists of two halves united at the sj'^mphysis by fibrous

tissue ; towards the end of the first, or during the second year, osseous union between the

two halves is complete. In infancy the mandible is shallow and the rami proportionately

small ; further, owing to the obliquity of the ramus, the angle is large, averaging about 150°.

The mental foramen lies near the lower border of the bone. Coincident with the eruption

of the teeth and the use of the mandible in mastication, the rami rapidly increases in size,

and the angle becomes more acute. After the completion of the permanent dentition it

approaches more nearly a right angle varying from 110° to 120°. The body of the bone
is stout and deep, and the mental foramen usually lies midway between the upper and
lower borders. As age advances, owing to the loss of the teeth and the consequent
shrinkage and absorption of the alveolar border of the bone, the body becomes narrow and
attenuated, and the mental foramen now lies close to the upper border. At the same time

the angle opens out again (130° to 140°), in this respect resembling the infantile condition.

In old age the coronoid process and the condyle form a more open angle with each other

than in the young adult.

Os Hyoidcum.

The hyoid bone, though placed in the neck, is developmentally connected

with the skull. It lies between the mandible above and the larynx below,

and is connected with the root of the tongue. Of
U-shaped form, as its name implies (Greek v and
e?5os, like), it consists in the adult of a central

part, or body, with which are united two long pro-

cesses extending backwards— the greater cornua

—one on each side. At the point where these

are ossified with the body, the lesser cornua, which
project upwards and backwards, are placed.

The body is arched from side to side and
compressed from before backwards, so that its

surfaces slope downwards and forwards. Its
Pig. Ifi/.— I HE Wyoid Bone as seen .. _cti ^• -Ui. j- -j

FKOM THE Fkont antcnor surface displays a slight median ridge, on
either side of which the bone is marked by the

attachment of the mylo-hyoid muscles. Its posterior surface, deeply hollowed, is

concave from side to side and from above downwards. Herein lie a quantity of

^ J(/u,rrwX of A'tmlvrtiy and Physiology, vol. xHv. p. 82. ^ Graduation Tliesis, Edinburgh, 1906.
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fat and a bursa, which separates this aspect from the tliyreo-hyoid membrane. The
upper border, usually described witii the anterior surface, is broad ; it is separated

from the anterior aspect by a transverse ridge, behind which are the impressions

for the attachment of the genio-hyoid muscles. Its posterior edge is thin and
sluirp ; to this, above, are attached the genio-glossi, whilst behind and Vjelow the

thyreo-hyoid membrane is connected with it. The inferior border is well defined

and narrow ; it serves for the attachment of the omo-hyoid, sterno-hyoid, thyreo-

hyoid, and stylo-hyoid muscles.

The greater cornua are connected on either side with the lateral parts of the

body. At first, union is effected by synchondroses, which, however, ultimately

ossify. These cornua curve backwards, as well as upwards, and terminate in more or

less rounded and expanded extremities. Compressed laterally, they serve for the

attachments laterally of the thyreo-hyoid and hyo-glossi muscles, and the middle

constrictor of the pharynx from below upwards, whilst medially they are con-

nected with the lateral expansions of the thyreo-hyoid membrane, the free edges of

which are somewhat thickened, and connect the extremities of the greater cornua

witli the ends of the superior cornua of the thyreoid cartilage below.

The lesser cornua, frequently cartilaginous in part, are about the size of grains

of wheat. They rest upon the upper surface of the bone at the junctions of the

greater cornua with the body. In youth they are separated from, but in advanced

life become ossified with, the rest of the bone, from which they are directed upwards,

backwards, and a little laterally. Their summits are connected with the stylo-

hyoid ligaments ; they also serve for the attachment of muscles.

Connexions.—The hyoid is shuig from the styloid processes of the temporal bones by the

stylo-liyoid ligaments. Inferiorly it is connected with the thyreoid cartilage of the larynx by
the thyreo-hyoid ligaments and membrane. Posteriorly it is intimately associated with the

epiglottis.

Ossification.—In considering the development of the hyoid bone it is necessary to refer

to the arrangement and disposition of the cartilaginous bars of the second and third visceral

arches. That of the second visceral arch, the hyoid bar—or Reichert's cartilage, as it is

sometimes called—is united above to the petrous part of the temporal, whilst ventrally it is

joined to its fellow of the opposite side by an independent median cartilage. Choudrifica-

tion of the third visceral arch only occurs towards its ventral extremity, forming what is

known as the thyreo-hyoid bar. This also unites with the median cartilage above mentioned.

In these cartilaginous processes ossific centres appear in certain definite situations.

Towards the end of foetal life a single centre (by some authorities regarded as primarily

double) appears in the median cartilage, and forms the body of the bone (basihyal).

About the same time ossification begins in the lower ends of the thyreo-hyoid bars, and

from these the greater cornua are developed (thyreo-hyals). During the first year the lower

ends of the hyoid bars begin to ossify and form the lesser cornua (cerato-hyals). The
cephalic ends of the same cartilages meanwhile ossify to form the styloid process

(stylohyal) on either side and one of the auditory ossicles called the stapes, whilst the

intervening portions of cartilage undergo resorption and become converted into the

fibrous tissue of the stylo-hyoid ligaments, which in the adult connect the lesser cornua

witli the styloid processes of the temporal bone. The greater cornua fuse with the body

in middle life ; the lesser cornua only at a more advanced period. Variations in the

course of development lead to interesting anomalies of the hyoid apparatus. The lesser

cornua may be unduly long or the stylo-hyoid ligament may be bony ; in this case the

cartilage has not undergone resorption, but has passed on to the further stage of ossifica-

tion, tluis forming an epihyal element comparable to that in the dog. The ossified

stylohyoid ligament, as felt through the pharyngeal wall, may be mistaken for a

foreign' body. (Farmer, G. W. S., Brit. Med. Journ.\^00, vol. i. p. 1405.)

THE SKULL AS A WHOLE.
The skull as a whole may be studied as seen from the front (norma frontalis)

from the side (norma lateralis), from the back (norma occipitalis), from above

(norma verticalis), and from below (norma basalis).
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The Skull from the Front (Norma Frontalis).

lu front, the smooth convexity of the frontal bone limits this region above,

whilst inferiorly, when the lower jaw is disarticulated, the teeth of the maxillse

form its lower boundary. The large openings of the orbits are seen on either side

;

whilst placed centrally, and at a somewhat lower level, is the apertura piriformis

(anterior nasal aperture) leading into the nasal cavity.

The frontal region, convex from above downwards and from side to side, is

limited laterally by two ridges, which are the anterior extremities of the temporal

lines. Superiorly the fulness of the bone blends with the convexity of the vertex.

Inferiorly the frontal bone forms on each side the arched superior border of the

orbit (margo supraorbitalis). The space between these borders corresponds to the

root of the nose, and here are seen the sutures which unite the frontal with

the nasal bones medially, and with the frontal process of the maxilla on

each side, called the naso-frontal and fronto-maxillary sutures, respectively. The
supra-orbital margin is thin and sharp laterally, but becomes thick and more

rounded towards its medial end, where it forms the medial angular process and

unites with the frontal process of the maxilla and the lacrimal bone in the

medial wall of the orbit. This arched border is interrupted towards the medial

side by a notch (incisura supraorbitalis), sometimes converted into a foramen, for

the transmission of the supra-orbital nerve and artery. In the median plane, just

above the naso-frontal suture, there is often the remains of a median suture

(sutura frontalis), which marks the fusion of the two halves from which the bone

is primarily ossified. Here also a prominence, of variable extent—the glabella—is

met with; from this there passes out on each side above and over the orbital

margin a projection called the superciliary arch.

The orbital fossae, of more or less conical form, display a tendency to assume

the shape of four-sided pyramids by the flattening of the superior, inferior, and

lateral walls. The base, which is directed forwards and a little laterally,

corresponds to the orbital aperture. The shape of this is liable to individual and

racial variations, being nearly circular in the Mongoloid type, whilst it displays a

more or less quadrangular form in Australoid skulls. The superior margin, as

has been already stated, is formed by the frontal bone between the zygomatic and

medial angular processes. The lateral and about half the inferior margins are

formed by the sharp curved edge between the facial and orbital surfaces of the

zygomatic bone. The medial border and the remainder of the inferior margin

are determined by the lateral surface of the frontal process of the maxilla, and

the sharp edge separating the facial from the orbital surface of the same bone.

Three sutures interrupt the continuity of the orbital margin—zygomatico-frontal

laterally, the fronto-maxillary medially, both lying about the same level, and the

zygomatico-maxillary inferiorly. The apex of the space is directed backwards and

medially, so that the medial walls of the two orbits lie nearly parallel to each

other, whilst the lateral walls are so disposed as to form almost a right angle with

each other. The depth of the orbit measures, on an average, about two inches

(5 cm.). At the apex there are two openings ; the larger, known as the superior

orbital fissure (O.T. sphenoidal), passes from the apex of the space laterally and a

little upwards for the distance of three-quarters of an inch or so, between the

roof and lateral wall of the orbit. The medial third of this fissure is broad and

of circular form. Laterally it is considerably reduced in width. Through this

the oculomotor, trochlear, ophthalmic division of the trigeminal, and the abducent

nerves enter the orbit, whilst the ophthalmic veins pass backwards through it.

Above and medial to the medial end of the sphenoidal fissure there is a smaller

circular opening, the optic foramen, for the transmission of the optic nerve and

ophthalmic artery.

The roof of the orbit, wliich is very thin and brittle towards its centre,

is formed in front by the orbital part of the frontal bone, ;i.nd behind by a

small triangular piece of theZsmall wing of the sphenoid, which surrounds the

optic foramen and forms tlie upper border of the superior orbital fissure. Laterally
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this surface is 8e})arat('d from the lateral wall by the superior orbital fissure

Fig. 168.

—

The Front of thk Skui.l.

The nasal bones, lamina papyracea of the ethmoid, vomer, inferior conclue, zygomatic, and parietal bones are

coloured red. The splienoid, lacrimal, perpendicular part and middle conchae of the ethmoid, and

mandible are coloured blue. The maxilhe are coloured yellow. The frontal and temporal bones are

left uncoloured.

1. Mental protuberance.

2. Body of mandible.

3. Ramus of mandible.

4. Anterior nasal spine.

5. Canine fossa.

6. Infra-orbital foramen.

7. Zygomatico-facial foramen.

8. Orbital surface of maxilla.

9. Temporal fossa.

10. Lamina papyracea of ethmoid.

11. Superior orbital fissure.

12. Lacrimal bone and groove.

13. Optic foramen.

14. Ethmoidal foramina.

15. Temporal line.

16. Supra-orbital notch.

17. Glabella.

18. Frontal tuberosity.

19. Superciliary arch.

20. Parietal bone.

21. Naso-frontal suture.

22. Rerion.

23. Great wing of sphenoid.

24. Orbital surface of great wing
of sphenoid.

25. Squamous part ofthe temporal.

26. Left nasal bone.

27. Zygomatic bone.

28. Inferior orbital fissure.

29. Zygomatic arch.

30. Apertura piriformis, displaying

nasal septum and inferior and
middle concha>.

31. Mastoid process.

32. Incisor fossa.

33. Angle of jaw.

34. Mental foramen.

35. Symphysis nieuti.

posteriorly, anteriorly by an irregular suture between the orbital part of the

11
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frontal and the upper margin of the orbital surface of the great wing of the

sphenoid, lateral to which the zygomatic process of the frontal articulates with the

zygomatic bone, often forming a ridge which limits the fossa for the lodgment of

the lacrimal gland inferiorly (Whitnall). Medially the roof is marked off from the

medial wall by a suture, more or less horizontal in direction, between the orbital

plate of the frontal and the following bones, in order from before backwards, viz.,

the frontal process of the maxilla, the lacrimal bone, and the lamina papyracea of

the ethmoid. In the suture between the last-mentioned bone and the frontal

there are two foramina, the anterior and posterior etlimoidal foramina ; both trans-

mit ethmoidal vessels and the ethmoidal branches of the naso-ciliary nerve as

well. The roof is concave from side to side, and to some extent also from before

backwards. About midway between the fronto-maxillary suture and the supra-

orbital notch or foramen, but within the margin of the orbit, there is a small

depression, occasionally associated with a spine (fovea vel spina trochlearis), for the

attachment of the cartilaginous pulley of the superior oblique muscle of the

eyeball. Under cover of the zygomatic process the roof is more deeply exca-

vated, forming a shallow fossa for the lodgment of the lacrimal gland (fossa

glandulae lacrimalis). In front, the roof separates the orbit from the frontal sinus,

and along its medial border it is in relation with the ethmoidal air-cells. The
relation to these air spaces is variable, depending on the development and size of

the sinuses. The rest of the roof, which is very thin, forms by its upper surface

part of the floor of the anterior cranial fossa, in which are lodged the frontal

lobes of the cerebrum.

The floor of the orbit is formed by the orbital surface of the maxilla, together

with part of the orbital surface of the zygomatic bone, and a small triangular

piece of bone, the orbital process of the palate, which is wedged in posteriorly.

Laterally, for three-quarters of its length posteriorly, it is separated from the lateral

wall, which is here formed by the great wing of the sphenoid, by a cleft called the

inferior orbital fissure. Through this there pass the maxillary division of the

trigeminal nerve on its way to the infra-orbital canal, the zygomatic branch of

the maxillary nerve, the infra-orbital vessels, a branch connecting the inferior

ophthalmic vein with the pterygoid plexus, and some twigs from the spheno-

palatine ganglion. By means of this fissure the orbit communicates with the

pterygo- palatine fossa behind, and the infra -temporal fossa to the lateral side,

though in the recent condition the fissure is bridged over by the involuntary

orbitalis muscle of Mliller. Medially the floor is limited from behind forwards

by the suture between the following bones, viz., the orbital process of the palate

below with the body of the sphenoid above and behind, and the lamina papyracea

of the ethmoid above and in front—^anterior to which the orbital surface of the

maxilla below articulates with the lamina papyracea of the ethmoid and the

lacrimal above and in front. At the anterior extremity of this Hne of sutures

the medial edge of the orbital plate of the maxilla is notched and free between
the point where it articulates with the lacrimal posteriorly and the part from
which its frontal process arises. Here it forms the lateral edge of a canal, down
which the membranous naso-lacrimal duct passes to the nose. The floor of the

orbit is thin behind and at the sides, but thicker in front, where it blends with

the orbital margin. Passing in a sagittal direction through its substance is the

infra-orbital canal, the roof of which is usually deficient behind, where it becomes
continuous with a broad, shallow groove, which leads forwards from the anterior

margin of the inferior orbital -fissure. This canal (canalis infraorbitalis) opens on

the anterior surface of the maxilla immediately below the orbital margin (foramen

infraorbitale) and transmits the maxillary division of the trigeminal nerve, together

with the infra-orbital vessels. The floor forms a thin partition which separates the

orbit from the maxillary sinus, which lies beneath it. Medially it completes the

lower ethmoidal air-cells, and separates the orbit from the middle meatus of the

nasal cavity.

The lateral wall of the orbit, which is the strongest, is formed by the orbital

surface of the great wing of the sphenoid and the superior part of the orbital surface

of the zygomatic bone. Above it, behind, is the superior orbital fissure, whilst below.
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and exteudinj^ much farther forward, is the inferior orbital fissure. Tlie posterior

portion of tliis wall, formed ]>}' the' great wing of the sphenoid, serv^'S as a partition

betwe(;n the orbit and the anterior extremity of the middle cranial fossa, in which
is lodged the pole of the temporal lobe of the cerebrum. In front of this, and
behind the line of the spheno-zygomatic suture, this wall is strengthened on its

outer aspect by its confluence with the cranial wall. Still more anteriorly, the

lateral wall separates the orbit from IIk; temporal fossa. I'he anterior margin
of the lateral wall is stout and formed by the zygomatic bone, behind which,
formed in part by the orbital process of the zygomatic bone and the zygomatic
edge of the great wing of the sphenoid, it forms a fairly thick partition between
the orbit in front and the temporal fossa behind. Crossing this surface from
above downwards, close to the anterior extremity of the inferior orbital fissure,

is the suture between the zygomatic bone and the great wing of the sphenoid
(sutura sphenozygomatica). This wall is pierced in front by one or two small

canals (foramina zygomatico-orbitalia), which traverse the zygomatic bone and
allow the transmission of the zygomatico- temporal and zygomatico-facial branches
of the zygomatic portion of the maxillary division of the trigeminal nerve. A
small tubercle, which can be more readily felt than seen, is situated just within
the orbital margin near the middle of the anterior part of this wall, and indicates

the site of attachment of the lateral palpebral raphe (Whitnall).

The medial wall of the orbit is formed from before backwards by a small part

of the frontal process of the maxilla, by the lacrimal, and by the lamina papjrracea

of the ethmoid, posterior to which is a small part of the lateral aspect of the

body of the sphenoid in front of the optic foramen. Above, the orbital part of

the frontal bone forms a continuous suture from before backwards with the bones
just enumerated ; whilst below, the lacrimal and the lamina papyracea of the

ethmoid articulate with the orbital plate of the maxilla
;
posteriorly the posterior

extremity of the lamina papyracea and the anterior part of the body of the sphenoid
articulate with the orbital process of the palate. The orbital surface of the

lacrimal bone is divided into two by a vertical ridge—the lacrimal crest (crista

lacrimalis posterior)— which forms in front the posterior half of a hollow, the

fossa sacci lacrimalis, the anterior part of which is completed by the channelled
posterior border of the frontal process of the maxilla. In the fossa is lodged the
lacrimal sac, whilst passing from it and occupying the canal, of which the upper
opening is at present seen, is the membranous naso- lacrimal duct. The lower
part of the fossa separates the orbit from the anterior part of the middle meatus
of the nasal cavity. To the medial side of the upper part of the fossa for the

lacrimal sac lie the anterior ethmoidal cells, the passage leading from the nose to

the frontal sinus (infundibulum ethmoidale), and the part of the bone behind the

lacrimal crest forms the thin partition between the orbit and the ethmoidal cells.

Behind, where the body of the sphenoid forms part of the medial wall of the orbit,

the sphenoidal air sinus is in relation to the apex of that space, though here the

partition wall lietween the two cavities is much thicker.

The skeleton of the face on its anterior surface is formed by the two maxillae,

the frontal processes of which have been already seen to pass up to articulate

with the medial angular processes of the frontal bone, thus forming the lower
halves of the medial margins of the orbits. Joined to the maxillte laterally are

the zygomatic bones, which are supported by their union with the temporal
bones posteriorly through the medium of the zygomatic arches. The suture

which separates the zygomatic from the maxilla (sutura zygomaticomaxillaris)

commences above about the centre of the inferior orbital margin and passes

obliquely downward and laterally, its inferior end lying in vertical line with
the lateral orbital margin. The two maxilke are separated by the nasal cavities,

which here open anteriorly. Above, the two nasal bones are wedged in between
the frontal processes of the maxillcB ; whilst below the apertura piriformis, the

maxilke themselves are united in the middle line by the intermaxillary suture
(sutura intermaxillaris).

The apertura piriformis (piriform aperture) (O.T. nasal aperture or

anterior nares), which lies below and in part between the orbits, is of variable

11a
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shape and size—usually piriform, it tends to be long and narrow in Europeans, as

contrasted with the shorter and wider form met with in the negroid races. Its

edges are formed below and on either side by the free curved margin of the

body and the frontal process of the maxilla ; and above, and partly at the sides,

by the free border of the nasal bones. In the median plane, inferiorly, corresponding

to the upper end of the intermaxillary suture there is an outstanding process

—

the anterior nasal spine, formed by the coalescence of spicules from both maxillae

;

arising from this, and passing backwards and upwards, is a thin bony partition

—the osseous septum of the nose. Often deflected to one or other side, it divides

the cavity of the nose (cavum nasi) into a right and a left half. Projecting into these

chambers from their lateral walls can be seen the medial surfaces and free borders

of the middle and inferior conchse, the spaces below and between which form the

inferior and middle meatuses of the nose, respectively.

Below the orbit, and to the lateral side of the piriform aperture, the interior or

facial surface of the body of the maxilla is seen ; this is continuous inferiorly

with the lateral surface of the alveolar process, in which are embedded the roots

of the upper teeth.

A horizontal line drawn round the maxillse on the level of a point midway
between the lower border of the piriform aperture and the alveolar edge corre-

sponds to the plane of the hard palate. Below that the alveolar process separates the

cavity of the mouth from the front of the face ; whilst above, the large air space,

the maxillary sinus, lies within the body of the maxilla.

The zygomatic bone forms the lower half of the lateral and lateral half of

the lower border of the orbit. Its lateral aspect corresponds to the point of

greatest width of the face, the modelling of which depends on the flatness or

projection of this bone.

When the mandible or lower jaw is in position, and the teeth in both jaws are

complete, the lower dental arch will be seen to be smaller in all its diameters than

the upper, so that when the jaws are closed the upper teeth slightly overlap the

lower both in front and at the sides. Exceptionally, a departure from this arrange-

ment is met with.

Lateral Aspect of the Skull (Norma Lateralis).

Viewing the lateral aspect of the skull, in the first instance without the mandible,

it is seen to be formed in part by the bones of the cranium, and in part by the

bones of the face. A line drawn from the fronto-nasal suture to the tip of the mastoid

process serves to define roughly the boundary between these portions of the skull.

Of ovoid shape, the cranium is formed above by the frontal, -parietal, and occipital

bones from before backwards ; whilst below, included within these are the sphenoid

and temporal bones. The sutures between these several bones are arranged as

follows : Commencing at the zygomatic process of the frontal, the suture between

that bone and the zygomatic bone is first seen ; tracing this backwards and a little

upwards, the lower edge of the frontal next articulates with the upper margin of the

great wing of the sphenoid for a distance varying from three-quarters of an inch to

one inch. Here the posterior border of the frontal turns upwards and slightly back-

wards, forming with the parietal the sutura coronalis (coronal suture). The lower

border of the parietal bone, which is placed immediately behind the frontal, articulates

anteriorly with the posterior part of the superior border of the great wing of the

sphenoid. The extent of this suture (sutura sphenoparietalis) is liable to very great

individual variation—at times being broad, in other instances being pointed and
narrow, whilst occasionally the parietal does not articulate with the sphenoid at all.

Behind the spheno-parietal suture the parietal articulates with the squamous part

of the temporal (sutura squamosa), the posterior extremity of which is about one

inch behind the external acoustic meatus. Here the suture alters its character and
direction, and in place of being scaly, becomes toothed and irregular, uniting, for the

space of an inch or so, the mastoid angle of the parietal with the mastoid process of

the temporal bone. This suture (sutura parietomastoidea) is more or less horizontal

in direction, and lies in line and on a level with the superior border of the

zygomatic arch. At a point about two inches behind the external acoustic
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meatus tlie posterior l)order of the parietal Uoiie turns obliquely upwards and
backwards, and foinis with the s(|u;i,ni<)us part of the occipital bone the strongly

denticulated sutura lambdoidea (lambdoid suture). Inferiorly this suture is con-

tinued obliquely downwards between the occipital bone and the posterior border of

the mastoid portion of the tem])oral, where it forms the sutura occipitomastoidea

Fig. 169.

—

Norma Lateralis of the Skull.

The occipital, sphenoid, and lacrimal bones and the mandible are coloured lilue. The parietal, zygomatic,
;iud nasal bones are coloured red. The temporal, frontal, ethmoid, and maxillary bones are left nncoloured.

1. Mental foramen.

2. Bodv of the nian<lible.

3. Maxilla.

4. Ramus of mandible.

5. Zygomatic arch.

6. Styloid process.

7. External acoustic meatus.

8. Mastoid process.

9. Asterion.

10. Superior nuchal line of occipital

bone.

11. External occipital protuberance.

12. Lambdoid suture.

13. Occipital bone.

14. Lambda.
15. Obelion placed between the two

jiarietal foramina.

] 6. Parietal bone.

17. Lower temporal line.

IS. Upper temporal line.

19. Squamous part of temporal
bone.

20. Bregma.
21. Coronal suture.

22. Stephanion.

23. Frontal bone.

24. Pterion.

25. Temporal fossa.

26. Great wing of sphenoid.

27. Zygomatic bone.

28. Zygomatico-facial foramen.

29. Lacrimal bone.

30. Nasal bone.

31. Infra-orbital foramen.
32. Piriform ajierture and anterior

[nasal sjijne.

(occipito- mastoid suture), much simpler and less serrated than the two previ-

ously mentioned. These three sutures just described meet fin triradiate fashion
at a point called the asterion.

Anteriorly the curve of the squamous suture is continued downward between
the anterior edge of the squamous part of the temporal and the posterior border of

the great wing of the sphenoid ; interiorly it lies in plane with the middle of the
zygomatic arch
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The sutures around the summit of the great wing of the sphenoid are arranged
like the letter H placed obliquely, the cross-piece of the H corresponding to the
spheno-parietal suture. When this is short, and becomes a mere point of contact,
the arrangement then resembles the letter X. This region is named the pterion.

Cur\ing over the lateral region of the calvaria in a longitudinal direction is

the temporal line. This is often double. The lower line marks the limit of the
attachment of the temporal muscle, whilst the upper ridge defines the attachment
of the temporal fascia. Commencing in front at the zygomatic process of the
frontal, the line sweeps upwards and backwards across the inferior part of that
bone, and then crossing the coronal suture—at a point called the stephanion—it passes on to the parietal, over which it curves in the direction of its mastoid
angle. Here it is continued on to the temporal bone, where it sweeps forwards
to form the supra -mastoid crest, which serves to separate the squamous from
the mastoid portion of the temporal bone laterally. Carried forwards, this ridge
is seen to become continuous with the upper border of the zygomatic arch above
the external acoustic meatus. In front, the temporal ridge separates the temporal
fossa from the region of the forehead ; above and behind, it bounds the temporal
fossa which lies within its concavity, and serves to separate that hollow from
the surface of the calvaria which is overlain by the scalp. Above the level of
the temporal hues the surfaces of the frontal and parietal bones are smooth, the
latter exhibiting an elevation of varying prominence and position, but usually
situated about the centre of the bone, called the tuber parietale (parietal tuberosity).

A slight hollowing of the surface of the parietal behind and parallel to the coronal
suture is not uncommon, and is referred to as the ^post-eoroncd depression.

As seen in profile, the part of the calvaria behind and below the lambdoid suture
is formed by the squamous part of the occipital bone. In line with the zygomatic
arch this outline is interrupted by the external occipital protuberance or inion.

The projection of this point is variable ; but its position can usually be easily

determined in the Living. Passing forwards from it, and blending anteriorly with
the posterior border of the mastoid process of the temporal bone, is a rough crest,

the linea nuchas superior (superior nucbal or curved line), a little above which
there is often a much fainter line, the linea nuchas suprema (highest curved line)

;

this affords attachment to the galea aponeurotica. These two lines serve to

separate the part of the cranium above, which is covered by scalp, from that
below, which serves for the attachment of the fleshy muscles of the back of the
neck, the latter surface (planum nuchale) being rough and irregular as con-
trasted with the smooth superior part (planum occipitale). The fulness of these
two parts of the occipital bone varies much. There is frequently a pronounced
bulging of the planum occipitale, and the position of the lambda can often be
easily determined in the living ; similarly the planum nuchale may be either com-
paratively flat or else full and rounded. These differences are of course associated

with corresponding differences in the development of the cerebral and cerebellar

lobes, which are lodged in relation to the cerebral aspect of these parts of the bone.

The further description of the planum nuchale is best deferred till the external
aspect of the base of the skull is studied.

Fossa Temporalis.—Within the limits of the temporal lines the side of the
cranium slopes forwards, medially,and downwards, thus leaving a considerable interval

between its lower part and the zygomatic arch. This space or hollow is called the
temporal fossa ; bounded above and behind by the temporal lines, its inferior limit

is defined by the level of the zygomatic arch. Deepest opposite the angle formed
by the frontal and temporal processes of the zygomatic bone, the fossa becomes
shallow towards its circumference.

Its floor or medial wall, which is slightly concavo-convex from before backwards
about mid-level, is formed above by the temporal surface of the frontal, behind
by the sphenoidal angle of the parietal, as well as the lower portion of that

bone, below the temporal line ; below and in front by the temporal surface of the

great wing of the sphenoid, and behind and below by the squamous portion of the

temporal bone. Interiorly, the floor is limited in front by the free inferior border
of the great wing of the sphenoid, which forms the upper boundary of the pterygo-
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palatine fossa; behind that, by .a rough ridge, the infra -temporal crest, which

crosses the lateral surface of the great wing of the sphenoid, to become continuous

posteriorly with a ridge on the lower surface of the squamous part of tlie temporal

from wiiich the anterior root of the zygomatic process springs. Anteriorly the

temporal fossa is separated from the orbit by the zygc^matic process of the frontal

above, and by the orbital process of the zygomatic and its junction with the lateral

border of the great wing of the splieuoid between its orbital and temporal surfaces.

Laterally and in front, the fossa is overhung by the backward projection of the

fronto-spheiioidal process of the zygomatic bcjue, and it is under cover of this, and
within the angle formed by the frontal and orbital processes of the zygomatic

bone, that we see the opening of tlie zygomatico-temporal foramen, which pierces

the orbital plate of the zygomatic bone and transmits the zygomatico-temporal

branch of the zj'gomatic nerve—a filament of the maxillary division of the

trigeminal nerve. The anterior part of the inferior orbital fissure opens into the

lower part of the temporal fossa, and thus establishes a communication between it

and the orbit. If the floor of the fossa is carefully examined, some more or

less distinct vascular grooves may be seen. One passing upwards over the

posterior part of the squamous temporal, immediately in front of and above

the external acoustic meatus, is for the middle temporal artery ; two others,

usually less distinct, pass up, one over the temporal surface of the great wing of

the sphenoid, the other over the anterior part of the squamous part of the temporal

;

these are for the anterior and posterior deep temporal branches of the internal

maxillary artery. Inferiorly the temporal fossa communicates with the infra-

temporal fossa, beneath the zygomatic arch, the two being separated by an
imaginary horizontal plane passing medially at the level of that bony bridge. The
fossa contains the temporal muscle with its vessels and nerves, together with the

zygomatico-temporal branch of the zygomatic nerve and some fat ; all of which are

enclosed by the fascia which stretches over the space from the upper temporal line

above to the superior border of the zygomatic arch below. The extent and depth
of the fossa depends on the size of the temporal muscle, the development of which
is correlated with the size and weight of the mandible.

Springing from the front and lower part of the squamous part of the temporal

is the zygomatic process of that bone ; it has two roots, an anterior and a posterior,

between and below which are placed the mandibular fossa in front, and the

opening of the external acoustic meatus behind. Of compressed triangular form,

the process at first has its surfaces directed upwards and downwards, but
curving laterally and forwards, it twists on itself, so that its narrowed surfaces

are now turned laterally and medially, and its edges upwards and downwards

;

passing forwards, it expands somewhat, and ends in an oblique serrated surface,

which unites with the temporal process of the zygomatic bone completing the

zygomatic arch. It is the superior edge of this bridge of bone which forms the

posterior root. The inferior border, turning medially, forms the anterior root, and
serves to separate the temporal from the infra-temporal surface of the squamous part

of the temporal, blending in front with the infra-temporal crest on the lateral surface

of the great wing of the sphenoid. The inferior surface of this root is convex from
before backwards, and is thrown into relief by the mandibular fossa, which passes

up behind it. In this way a downward projection, which is called the tuberculum

articulare (O.T. eminentia articularis), is formed.

The spina angularis of the sphenoid (angular spine) lies immediately to the

medial side of tlie articular part of the mandibular fossa. Its size and projection

vary. It is well to remember its relation to the condyloid process of the mandible
when that bone is in position ; lying, as it does, to the medial side and a little

in front of that process, it affords attachment to the spheno-mandibular liga-

ment. As will be seen hereafter, the anterior extremity of the osseous part of the

auditory tube lies just to its medial side.

A noteworthy feature about the articular part of the mandibular fossa is

the thinness of the bony plate which serves to separate it from the middle
cranial fossa above. The vaginal process is a crest of bone which runs obliquely

forwards from the front and medial side of the mastoid process, just below the
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external acoustic meatus, to the angular spine of the sphenoid. Passing downwards

and slio-htly forwards from the centre of this, and ensheathed by it in front and at

the sides, is the pointed styloid process, the length of which is extremely variable.

In the recess between the posterior root of the zygoma and the upper curved

edcre of the meatus there is usually a depression, though in some instances this

may be replaced by a shght bulging of the bone. If from the posterior root of

the zygoma a vertical line be let fall, tangential to the posterior edge of the meatus,

a small triangular area is mapped off which has been named by Macewen the supra-

meatal triangle. Surgically this is of importance, as it is the spot selected in which

to trephine the bone to reach the tympanic antrum.

In the suture between the posterior border of the mastoid part of the temporal

and the squamous part of the occipital, there is usually a foramen (mastoid) for

the transmission of an emissary vein from the transverse sinus within the cranium to

the cutaneous occipital vein of the scalp ; this opening, which may be double, varies

crreatly in size, and is usually placed on a level with the external acoustic meatus.

Fossa Infratemporalis.—The side of the cranium in front of the anterior root

of the zygomatic process of the temporal bone is deeply hollowed, forming the

infra-temporal fossa. The student must bear in mind that, in examining this

space, the ramus and coronoid process of the mandible form its lateral wall;

but this bone for the present being withdrawn, enables us to get a better view

of the boundaries of the spaca In front its anterior wall is formed by the

convex posterior or infra-temporal surface of the maxilla, which rises behind the

socket for the last molar tooth to form the tuber maxillare (maxillary tuberosity).

Anteriorly, the infra-temporal surface of the maxilla is separated from its anterior

aspect by the rounded inferior margin of the zygomatic process which supports

the zygomatic bone. This latter curves laterally and backwards, forming part of the

upper and anterior wall of the fossa. On the medial surface of this waU will be seen

the suture uniting the zygomatic and maxillary bones (sutura zygomaticomaxillaris),

which runs obliquely upwards and medially to reach the lateral extremity of the

inferior orbital fissure, the inferior border of which forms the superior boundary of

the infra-temporal surface of the maxilla. On this aspect of the bone are to

be seen the openings of the foramina alveolaria, two or more in number, which

transmit the nerves and vessels to the upper molar teeth. The medial wall of the

infra-temporal fossa is formed by the lateral surface of the lateral pterygoid lamina,

the width and shape of which varies greatly ; its posterior border is thin and sharp,

and often furnished with spiny points, to one of which the pterygo-spinous ligament,

which stretches from this border to the angular spine of the sphenoid, is attached.

It occasionally happens that this ligament becomes ossified. Anteriorly the lateral

pterygoid lamina is separated from the maxilla above by an interval called the

pterygo-maxillary fissure. Below this the bones are apparently fused, but a careful

inspection of the skull, together with an examination of the disarticulated bones,

will enable the student to realise that, wedged in between the two bones at this

point, is a part of one of the smaller bones of the face, the pyramidal process of the

palate bone (O.T. tuberosity of palate bone).

The inferior border of the lateral pterygoid lamina is usually curved and

slightly everted. Superiorly, where the lateral pterygoid lamina is generally

narrower, it sweeps upwards to become continuous with the broad inferior surface

of the great wing of the sphenoid ; this, which overhangs in part the infra-temporal

fossa superiorly, is limited laterally by the infra-temporal crest, which separates its

infra-temporal from its temporal surface. The infra-temporal surface of the great

wing of the sphenoid is limited in front and below by the edge which forms the

superior boundary of the inferior orbital fissure, whilst behind it reaches as far

back as the medial extremity of the petro-tympanic fissure, where it terminates in

the angular spine. It is from this point that the suture (sutura sphenosquamosa)

curves forwards and upwards to reach the region of the pterion. The infra-temporal

surface of the great wing of the sphenoid, and the lateral surface of the lateral

pterygoid plate, alike afford extensive attachments for the external pterygoid

muscle, whilst the former is pierced by minute canals for the transmission of

emissary veins. Occasionally a larger vascular foramen is present (foramen Vesalii),
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through which a vein runs from; the cavernous sinus witliin the cranium to the

pterygoid venous plexus situated in the infra- temporal fossa. Immediately
behind the root of the external pterygoid ])late then; is a large oval hole, the foramen

ovale, and behind that, and in line, with tiie angular spine, is the smaller foramen

spinosum. The.se two foramina cannot usually be seen in a side view of the skull,

and are l)etter studied when the base is examined ; they are mentioned, however,
because they transmit structures which here pass to and from the cranium, viz., the

mandibular division of the trigeminal nerve, together with its motor root, and the

accessory meningeal artery through the foramen ovale, and the middle meningeal
artery and its companion vein through the I'orameu spinosum. A part of the

sifuamous part of the temporal also forms a small portion of the roof of this fossa ; it

consists of a triangular area immediately in front of the tuberculum articulare, and
between it and tlie anterior root of the zygomatic process of the tem[)oral, which is

here curving medially and forwards, to become continuous with the infra-temporal

crest. Medially this surface is continuous with the infra-tem})oral surface of the

great wing of the sphenoid, separated from it, however, by the ])OSterior part of the

spheno-squamosal suture.

When the mandible is in position, the infra-temporal fossa is concealed by the

ramus of the mandible, the medial surface of which, in its upper half, forms the

lateral wall of that space. Viewed from the lateral side, the ramus of the maudilde
displays considerable differences in dilferent skulls. These are mainly due to varia-

tions in its width and in the nature of the angle which it forms at its fusion with
the body of the bone. A considerable interval separates the posterior border of the

ramus i'rom the front of the mastoid process. Within this space may be seen the

free inferior edge of the tympanic plate (vaginal process), from which, just below
the external acoustic meatus, the styloid process of the temporal bone is observed

passing dt)wnwards and slightly forwards. The width and height of the coronoid

process vary much, oftentimes reaching the level of the top of the condyle. Its

extremity, when the lower jaw is closed, lies just within the anterior part of the zygo-

matic arch ; at other times it rises to a much higher level, so that its point may be

seen above the level of the upper border of the zygomatic arch. The posterior

edge of the coronoid process forms the anterior border of the mandibular notch,

and limits in front the interval left between the lower border of the posterior half

of the zygomatic arch and the upper hollowed edge of the ramus. On looking into

this interval, the floor of the infra-temporal fossa may be seen, formed anteriorly by
the lateral pterygoid lamina ; whilst posteriorly it is possible to pass a probe right

across the base of the skull from one mandibular notch to the other, the shaft of

the probe lying immediately behind the pterygoid processes of the sphenoid, and
crossing the foramina ovalia, through which the mandibular divisions of the tri-

geminal nerves pass.

The ramus and coronoid process are so placed as to occupy a position inter-

mediate between the zygomatic arch laterally and the lateral pterygoid lamina
medially; their medial surface, therefore, forms the lateral wall of the infra-temporal

fossa. On a level with the surface of the crowns of the teeth of the mandible,

and situated about the middle of this aspect of the ramus, is the mandibular

foramen, the superior opening of the canalis mandibulae (mandibular canal), which
traverses the body of the bone. Tlirough this I'orameu there pass the inferior

alveolar branch of the mandibular division of the trigeminal nerve, together

with the inferior alveolar artery and its veins. As will now be seen, when the

mandible is in position, the infra - temporal fossa is closed in laterally by the

ramus of the mandible. In front there is an interval between the anterior border

of the ramus and the infra-temporal surface of the maxilla, through which pass

the buccinator branch of the trigeminal nerve and the communicating vein

between the pterygoid plexus and the anterior facial vein. Al)ove, in the

interval between the mandibular notch and the inferior border of the zygomatic
arch, there pass from the fossa the vessels and nerves which supply the masseter

muscle. Between the posterior border of the ramus and the styloid process there

enter and leave the large vessels which are found within the space. Superiorly
under cover of the zygomatic arch, the infra-temporal fossa communicates with the
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temporal fossa, whilst inferiorly it is continuous with the infra-maxillary region.

Medially, on the tioor of the fossa there is an f-shaped fissure, the horizontal

limb of which corresponds to the inferior orbital fissure, forming a channel of

communication between the fossa and the orbit, through which passes the zygomatic

branch of the maxillary division of the trigeminal nerve ; whilst the vertical cleft is

the pterygo-maxillary fissure, which leads into a small fossa placed between the front

of the root of the pterygoid process of the sphenoid and the back of the maxilla,

called the pterygo-palatine fossa.

The following foramina open into the infra-temporal fossa—the foramen ovale,

foramen spinosum, foramina alveolaria, mandibular foramen, minute foramina for

the transmission of emissary veins; of these one of large size is occasionally

present, the foramen of Vesalius.

Fossa Pterygopalatina. — This space, which corresponds to the angular
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2. Apex of orbital cavity.

3. Inferior orbital fissure.

4. Inferior orbital fissure.
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6. Alveolar foramina.
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palatine canals.

11. Foramen rotunduni.
12. Superior orbital fissure.

13. Optic foramen.
14. Splienoidal sinus.

15. Pharyngeal canal.

10. Pterygoid canal.
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IS. Pterygo-palatine fossa.

10. Infra-orbital groove.

20. Inferior orbital fissure.

21. Pterygo-maxillary fissure.

22. Foramen rotunduni.
23. Pterygoid canal.

24. Pharyngeal canal.

interval between the pterygo-maxillary and inferior orbital fissures, and which

lies between the maxilla in front and the root of the pterygoid process behind,

is bounded medially by the perpendicular part of the palate bone, which separates

it from the na.sal cavity, with which, however, it communicates by means of

the spheno-palatine forarhen, which lies between the orbital and sphenoidal

processes of the palate bone and the inferior surface of the body of the sphenoid.

Opening into this fossa, above and behind, are the foramen rotundum, the

pterygoid canal and the jjharyngeal canal, in that order from lateral to medial

side, whilst below is the superior orifice of the pterygo-palatine canal, together with

openings of the lesser palatine canals. Its roof is formed by the inferior surface of

the body of the sphenoid and the orbital process of the palate bone. Anteriorly

it lies in relation to the apex of the orbit, with which it communicates by means
of the inferior orbital fissure ; whilst laterally, as already stated, it communicates

with the infra-temporal fossa through the pterygo-maxillary fissure.
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Posterior Aspect of the Skull (Norma Occipitalis).

The view of the cranium as seen from behind includes the posterior halves of

the two parietal bones above, the sipiauious part of the occipital bone below, and the

mastoid portions of tlie temporal bones on either side, interiorly. The shape of this

aspect of the skull varies much, but ordinarily tlie greatest width corresponds to the

level of tlie parietal tuberosities. The sutures on tliis view of the calvaria display a

triradiate arrangement, one limb of which is vertical, and corresponds to the posterior

part of the interparietal or sagittal suture. The other two limbs pass laterally

anil downwards in tlie direction of the mastoid processes, uniting the two parietal

btines in front with the occipital ]nme ))ehind; these constitute the A-^haped

lambdoid suture. The point of confluence of the sagittal and lambdoid sutures is

called the lambda. This can generally be felt in the living, owing to the tendency

of the squamous part of the occipital to project slightly, immediately below this spot.

About one inch and a quarter above the lambda the two small parietal foramina are

seen, through which pass the small emissary veins of Santorini, which connect the

intra-cranial venous system with the superficial veins of the scalp. These small

holes lie about ^V of an inch apart on either side of the sagittal suture, which

here, for the space of about an inch, displays a simplicity of outline in striking

contrast with its serrated arrangement elsewhere. The term obelion is applied to

a point on the sagittal suture in line with the two parietal foramina. The lambdoid

suture is characterised by great irregularity of outline, and not infrequently chains

of separated ossicles are met with in it, the ossa suturarum (sutural bones). The

squamous part of the occipital bone is divided into two parts by the superior nuchal

or curved line, the central part of which forms tlie external occipital protuberance or

inion. The part above, called the planum occipitale or occipital surface comes within

our present consideration ; the part below, called the planum nuchale or the nuchal

surface, though seen in perspective, had best be considered when the base is

examined. A little above the level of the superior curved line the occipital surface

is crossed on either side by a faint lunated line, the linea nuchas suprema (highest

nuchal or curved line), to which are attached the occipitales muscles and the galea

aponeurotica. The projection of the. occipital surface varies much in individual

skulls ; most frequently it overhangs the external occipital protuberance, forming a

distinct boss ; exceptionally, however, the latter may be the most projecting part of

the bone. The extremity of the superior nuchal line on either side corresponds to

the position of the asterion (p. 285). Lateral to these points the outline of the

skull is determined by the downward projection of the mastoid processes, the medial

surfaces of which are deeply grooved by the mastoid notches for the attachment of

the posterior bellies of the digastric muscles, thus causing these processes to appear

more pointed when viewed from this aspect.

Upper Aspect of Skull (Norma Verticalis).

This is the ^^ew of the calvaria as seen from above. It is liable to great

diversities of form. Thus, its shape may vary from an elongated oval to an outline

more nearly circular. These differences have been classified, and form important

distinctions from a craniometrical standpoint, the rounder varieties being

termed the brachycephalic, whilst the elongated belong to the dolichocephalic group.

Another noteworthy point in this view is the fact that in some instances the

zygomatic arches are seen, whilst in others they are concealed by the overhang

and bulge of the sides of the anterior part of the cranium. The former condition is

described as phaenozygous, the latter as cryptozygous, and each is more or less closely

associated with the long or round varieties of head-form respectively.

The sutures displayed have a T-shaped arrangement. Placed medially between

the two parietal bones is the sagittal suture. This is finely denticulated, except in

the region of the obelion, though, of course, this will not be apparent if obliteration

of the suture has taken place through fusion of the two parietal bones. Posteriorly

the sagittal suture unites with the lambdoid suture at the lambda, which marks
in the adult the position of the posterior fontanelle of the fatus. Anteriorly it

terminates by joining the transverse suture which separates the frontal bone
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anteriorly from the parietals posteriorly; this latter is called the coronal suture,and the

point of junction between the sagittal and coronal sutures is known as the bregma
;

this corresponds in position to the anterior fontanelle of the foetus. The summit
of the vault of the calvaria corresponds to a variable point in the line of the sagittal

suture, and is named the vertex. The coronal suture is less denticulated centrally than

laterally. Occasionally there is a persistence of the suture (metopic) which unites

the two halves of the frontal bone ; under these conditions the line of the sagittal

suture is carried forward to the fronto-nasal suture, and a skull displaying this

peculiarity is described as metopic. Behind the coronal suture may occasion-

ally be seen the post-coronal depression, and in some instances the vault of the

calvaria forms a broad, slightly elevated crest along the line of the sagittal suture.

On either side the temporal ridges can be seen curving over the lateral and superior

aspects of the parietal bones. As the lower of these crosses the coronal suture in

front it marks a spot known as the stephanion, useful as affording a fixed point

from which to estimate the bi-stephanic diameter. The interval between the

temporal ridges on either side will vary according to the form of the skull and the

development of the temporal muscle. In this view of the calvaria a small part of

the lambdoid suture on either side of the lambda is visible posteriorly.

Basis Cranii Externa (Norma Basalis).

The external or inferior aspect of the base of the cranium

—

i.e. the skull without

the mandible—includes a description of the under surfaces of the skeleton of the

face (cranium viscerale) and the cranium (cranium cerebrale). The former includes

the hard palate formed by the maxillae and palate bones, the superior alveolar arch,

and the bodies of the maxillae as seen from below ; whilst laterally, and united with

the bodies -of the maxillae, the zygomatic bones are displayed, curving backwards
to form the anterior halves of the zygomatic arches. In the median plane, passing

from the upper surface of the hard palate, is the osseous septum of the nose,

here formed by the vomer, which is united above to the under surface of the body
of the sphenoid.

The under surface of the cranium is pierced by the foramen occipitale magnum
for the transmission of the spinal medulla and its membranes. In front of this a

stout bar of bone extends forwards in the median plane, formed by the union of the

body of the sphenoid in front with the basilar part of the occipital bone behind.

In adult skulls all trace of the fusion of these two bones has disappeared ; when
union is incomplete, it indicates that the skull is that of a person below the age of

twenty-five. The sphenoid comprises that part of the calvaria which forms the roof

and sides of the apertures which lie on either side of the nasal septum above the

hard palate—the choanae. Laterally the inferior surfaces of the great wings of the

sphenoid extend as far forward as the posterior border of the inferior orbital fissure

;

whilst posteriorly they reach as far as the angular spine, lateral to which the

spheno-squamosal suture, separating the great wing of the sphenoid from the

squamous portion of the temporal, curves forwards and upwards, medial to the

tuberculum articulare, to reach the floor of the temporal fossa, along which its course

has been already traced (p. 168). On a level with the front of the foramen
magnum the jugiilar process of the occipital bone forms an irregular curved border,

which sweeps laterally to terminate at a point just medial to the root of the

styloid process. Here, in line with the spheno-squamosal suture, from which, how-
ever, it is separated by a considerable interval, its extremity turns backwards, and
may be traced at first medial to, and then turning upwards, behind the mastoid
process of the temporal bone, separated from this latter by the occipito-mastoid

suture. The bone behind the foramen magnum, which is included between the

two occipito-mastoid sutures, comprises the nuchal surface of the squamous portion

of the occipital bone, an area which is limited behind by the superior nuchal line,

which separates it from the occipital surface of the same bone. The remaining
portions of the base of the calvaria, as at present exposed, are formed by the

squamous and tjnnpanic portions of the temporal bone, together with the petro-mastoid

part of the same bone, the latter of which is wedged in between the great wing of
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Fio. 171.—I.NFEUiuR Surface of Bask of Skull.

The occipital, vomer, maxillary, and zygomatic bones are coloured red. The temporal and palate bones, blue.

The sphenoid and parietal bones, and the teeth, are left uncoloured.
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the sphenoid iu front and the occipital bone behind. Stretching forwards from the

squamous part of the temporal in front is seen the zygomatic process which, by its

union with the zygomatic bone, completes the formation of the zygomatic arch.

Palatum Durum.—Studying next the various parts iu detail, the hard palate

may be first examined. Of horse-shoe shape as a rule, it presents many varieties of

outline and size. Formed by the palatine processes of the maxillae in front

and the horizontal parts of the palate bones behind, its circumference iu front

and at the sides corresponds to the superior alveolar arch, in which are embedded

the sixteen teeth of the two maxillse
;
posteriorly the edge of the hard palate is

thin, presenting in the median plane a pointed process, the posterior nasal spine,

on either side of which the posterior free border is sharp and lunated. The vault

of the palate, which is concave from side to side, and from before backwards, varies

in depth according to the projection and development of the alveolar processes.

When the teeth are shed and the alveoli are absorbed, the palate becomes shallow

and flat. Eunning throughout its entire length in the median plane is the

median palatine suture, which separates the palatine processes of the maxillse

in front and the horizontal parts of the palate bones behind. A little behind

the central incisor teeth, and in the line of this suture, is a little pit, the

foramen incisivum. At "the bottom of this may be seen the openings of some

small canals, varying iu number from one to four; these are usually described

as arranged in two pairs, the one pair placed side by side, the other lying in the

median plane in front and behind. The former are called the foramina of Stenson,

and transmit the terminal twigs of the greater palatine arteries which ascend to

reach the nasal cavities. The latter, called the foramina of Scarpa, open, the

anterior into the left, the posterior into the right nasal cavity, and afford passage for

the fine filaments of the left and right naso-palatine nerves, respectively. About
half an inch (12 mm.) in front of the posterior nasal spine the median palatine

suture is crossed at right angles by the transverse palatine suture. This, which

indicates the line of union of the palatine processes of the maxillae with the

horizontal parts of the palate bones, passes transversely laterally on either side until

it reaches the medial aspect of the base of the alveolar process, along which it

turns backwards, to disappear within the foramen palatinum majus (greater palatine

foramen), the aperture of which lies just medial to the root of the dens serotinus

(wisdom molar). Through this there pass the greater palatine artery and the

large anterior palatine nerve. Leading from this foramen is a groove which

curves forwards immediately to the medial side of the alveolar arch ; not infrequently

the medial edge of this groove forms a thin and sharp ridge on the surface of the

palate. In this groove are lodged the afore-mentioned vessels and nerves. The
surface of the palate in front of the transverse suture is rough, pitted for the palatine

glands, and pierced by numerous small vascular foramina ; the part of the palate

behind the suture, formed by the under surface of the horizontal part of the palate

bone, is much smoother. From this there rises, just posterior to the greater

palatine foramen, a thin sharp crest, which curves medially immediately in

front of the posterior free edge ; to this are attached some of the tendinous fibres

of the tensor veli palatini muscle.

Pterygoid Processes.—Buttressed against the posterior extremities of the

alveolar arch are the pterygoid processes of the sphenoid. If carefully examined,

these will be seen not to lie in actual contact with the maxillae, but to be separated

from them by the triangular wedge-shaped pyramidal processes of the palate

bones. It is these latter which are pierced by the foramina palatina minora (lesser

palatine canals), which lie just behind the greater palatine foramen, and through

which pass the lesser palatine nerves. As here displayed, the pterygoid processes of

the sphenoid lie on either side of the opening of the choanal (O.T. posterior nares)

;

each consists of two laminae, a medial and a lateral ; the latter is the broader,

and is directed backwards and slightly laterally. Its lateral surface has been

already studied in connexion with the infra-temporal fossa (p. 168). Medially it is

separated from the medial pterygoid lamina by the pterygoid fossa, wherein is lodged a

considerable part of the internal pterygoid muscle. The floor of the fossa is formed

in greater part by the coalescence of the two pterygoid laminae ; but at the level of
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the hard palate the pyramidal process of the palate bone appears wedged in

betw(3en the two plates, and so enters into the formation of the floor of the

pterygoid fossa. The medial pterygoid lamina separates the nasal cavity from the

pterygoid fossa; to the posterior edge of the medial pterygoid lamina are attached the

pharyngeal aponeurosis, the superior constrictor of the pharynx, and the pharyngo-

palatinus muscle. Above, the posterior border of this plate is channelled to form

the small scaphoid fossa, wliich curves laterally over the summit of the pterygoid

fossa, and furnislies a surface for the origin of the tensor veli palatini muscle. The

sharp medial margin of this fossa, continuous below with the posterior border of

the medial pterygoid lamina, extends upwards, and on either side of the body of

the splienoid forms a blunt pointed process, the pterygoid tubercle, which extends

backwards towards the apex of the petrous part of the temporal bone. Just

lateral to this, and concealed by it, is the posterior extremity of the pterygoid

canal, through which pass the artery and nerve of the canal. The medial surface

of the medial pterygoid lamina is directed towards the nasal cavity. Superiorly

this surface curves medially to meet the inferior surface of the body of the sphenoid,

forming on either side a lipped edge, the vaginal process, between which the alae

of the vomer, which here forms the nasal septum, are wedged. Between the two

a small interval, however, is occasionally left, which forms on either side the basi-

pharyngeal canal. A little lateral to the line of union of the vaginal process with

the vomer is the opening of the pharyngeal canal. This lies between the inferior

surface of the vaginal process and the sphenoidal process of the palate bone, which

here articulates with the inferior surface of the body of the sphenoid. The
pharyngeal branch of the spheno-palatine ganglion and the pharyngeal l»ranch of

the internal maxillary artery pass through this canal. Inferiorly the pterygoid

processes project below the level of the hard palate. The medial plate ends in a

slender recurved process, called the hamulus pterygoideus, which turns backwards

and laterally (this is frequently broken off in skulls which have been roughly

handled). It reaches as low as the level of the alveolar margin, and lies just

within and behind the posterior extremity of the alveolar process. It can readily

be felt in the living by placing the finger against the soft palate behind and just

within the gum around the root of the dens serotinus (O.T. wisdom tooth). On
the front of and below this process the tendon of the tensor veli palatini muscle

glides in a groove.

The choanae (O.T. posterior nares) lie between the two pterygoid processes.

Of a shape much resembling two Gothic windows, their bases or inferior boundaries

are formed by the horizontal part of the palate bone. Laterally they are bounded

by the medial surfaces of the medial pterygoid laminte, whilst above, the lateral

side of the arch is formed by the vaginal processes of the same laminie ; medially

they are separated by the thin vertical posterior border of the vomer, whilst,

above, the everted alse of the same bone form the medial sides of the arch. The
plane of these apertures is not vertical but oblique, corresponding usually to a line

drawn from the bregma above through the last molar tooth of the maxilla below.

Their size varies considerably, but the height is usually equal to twice the width.

The region of the cranium which lies lateral to the maxilla and lateral

pterygoid lamina corresponds to the infra-temporal fossa, which has been already

described, as it is seen from the side (Lateral Aspect of the Skull, p. 168). Viewed
from below, the infra-temporal fossa is bounded in front by the infra-temporal

surface of the body of the maxilla and the medial surface of the zygomatic bone.

The roof, which is traversed by the spheno-squamosal suture, is formed in front by

the inferior surface of the great wing of the sphenoid, and behind by a small

triangular surface of the under side of the squamous part of the temporal bone,

immediately in front of the tuberculum articulare.

Circumscribed laterally and behind by the anterior root of the zygoma, which

curves forward to become continuous in front with the infra-temporal crest crossing

the lateral surface of the great wing of the sphenoid, the roof of the fossa is

separated from its anterior wall by the inferior orbital fissure, which is so inclined

that with its fellow of the opposite side it forms an angle of 90°. Superiorly the

infra-temporal fossa communicates freely with the temporal fossa medial to the
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zygomatic arch, though the student must bear in mind the fact that when the

mandible is in position the lateral limits of the space are very much reduced (p. 168).

The inferior surface of the great wing of the sphenoid is here V-shaped. The
angle corresponds to the spine, the lateral limb to the spheno-squamosal suture,

whilst the medial hmb corresponds to a narrow cleft, the fissura spheno-petrosa,

which separates it from the petrous portion of the temporal bone, to which it is

united in the recent condition by a synchondrosis. Along the line of this latter

fissure the edges of the adjacent bones (sphenoid and petrous part of the temporal) are

bevelled so as to form a groove, which extends from the root of the medial pterygoid

lamina medially, to the medial side of the base of the angular spine laterally, where

the groove ends by entering an osseous canal. In the groove (sulcus tubae auditivse)

the cartilaginous part of the auditory tube is lodged, whilst the osseous canal

includes the bony part of the same tube, together with the tensor tympani muscle,

which is lodged in a separate compartment immediately above it. The anterior

extremity of the cartilaginous part of the auditory tube is supported by the

posterior edge of the medial pterygoid lamina, which is often notched for its recep-

tion. Between the root of the lateral pterygoid lamina and the angular spine there

are two foramina which lie immediately in front of the sulcus tubse auditivse.

Of these the larger and anterior is the foramen ovale, through which pass the

motor root and mandibular division of the trigeminal nerve, together with the

accessory meningeal artery. The smaller, which, from its position immediately in

front of the angular spine, is called the foramen spinosum, transmits the middle

meningeal artery and vein, and sympathetic plexus surrounding the artery. The
lesser superficial petrosal nerve here passes through the base of the skull to join

the otic ganglion either through a small foramen (canalis innominatus) placed

between the foramen ovale and the foramen spinosum, or through the foramen

ovale or through the spheno-petrosal fissure. The position of the suture between

the basi-occipital and basi-sphenoid corresponds to a hne connecting the tips of the

pterygoid tubercles at the root of the medial pterygoid laminae.

Occasionally in the centre of this line there is a small pit with a foramen leading from it. This

probably represents the lower end of the cranio-pharyngeal canal.

The inferior surface of the basilar part of the occipital bone (basi-occipital)

stretches between the body of the sphenoid in front and the anterior margin of

the foramen magnum behind
;
projecting from its centre is a slight elevation, the

pharyngeal tubercle, to which the pharyngeal raphe, together with the central

part of the anterior atlanto-occipital membrane, is attached. It should be noted,

that when the atlas is in position the pharyngeal tubercle hes in line with the

tubercle on the anterior arch of that bone. Curving laterally and backwards

from the pharyngeal tubercle, on either side, is an irregular ridge (crista muscularis),

in front and behind which are attached the longus capitis and rectus capitis anterior

muscles. On either side of the basi-occipital, in front, there is an irregular opening

of variable size ; this is placed between the root of the pterygoid process anteriorly,

the apex of the petrous portion of the temporal bone laterally, and the lateral

edge of the basi-occipital and basi-sphenoid medially. It is called the foramen

lacerum. Opening into it in front, just lateral to the pterygoid tubercle, is the

pterygoid canal, whilst, in correspondence with the apex of the petrous part of the

temporal, the large orifice of the carotid canal may be seen entering it behind and
from the lateral side. In the recent condition the lower part of the foramen lacerum

is occupied by fibro-cartilage, over the upper surface of which the internal carotid

artery and greater superficial petrosal nerve pass to reach their respective foramina,

whilst a small meningeal branch of the ascending pharyngeal artery occasionally

enters the cranium through it. Leading laterally from the foramen lacerum in the

direction of the angular spine of the sphenoid is the spheno-petrosal fissure, which

lies at the bottom of the sulcus tubse auditivse, and disappears from view within the

bony part of tbe auditory tube. Passing backwards from the forameij lacerum there

is a fissure between the lateral side of the basi-occipital and the posterior and
medial border of the petrous part of the temporal bone. This, which is called the

petro-occipital fissure, opens posteriorly into the jugular foramen. In the recent
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condition the fissure is tilled u.p with cartilage. The inferior surface of the

petrous bone included between these two fissures is rough and irregular, and
afifords attachments near its apex to two small muscles, the levator veli palatini

and the tensor tympani. Immediately behind the angular spine the petrous
part of the temporal is pierced by a circular hole, the inferior opening of the
carotid canal. This passes upwards, and then turns medially and forwards towards
the apex of the bone, where it may again 1)6 seen opening into the lateral and upper
side of the foramen lacerum. Laterally the wall of the vertical part of this canal,

which is usually very thin, separates it from the cavity of the tympanum, as may be
seen by holding the skull up to the light and looking into the external acoustic

meatus. The carotid canal transmits the internal carotid artery, together with
the sympathetic plexus around it. It is noteworthy that the two carotid canals

lie in line with the anterior edges of the two external acoustic meatuses.

The jugular foramen is an opening of irregular shape and variable size placed

between the petrous part of the temporal in front and the jugular process of

the occipital bone behind. The former is excavated into a hollow called the

jugular fossa, which forms a roof to the upper and lateral part of the space, whilst

the latter, by a curved edge, either rounded or sharp, constitutes its posterior

border. There is often considerable difference in the size of the jugular foramina

;

that on the right side (with the skull in its normal position) is usually the larger.

The foramen is occasionally subdivided into two by spicules of bone which bridge

across it. Lodged within the fossa is the bulb of the internal jugular vein, in front

of which the inferior petrosal sinus passes down to join the internal jugular vein

below the foramen. Effecting an exit between the two veins, in order from
before backwards, are the glosso-pharyngeal, vagus, and accessory nerves. Small
meningeal branches from the ascending pharyngeal and occipital arteries also

enter the foramen. The two jugular foramina lie in line with a line drawn through
the centres of the two external acoustic meatuses. Following the direction of

a line connecting the angular spine of the sphenoid and the mastoid process of the

temporal, and placed immediately lateral to the apertures of the carotid canal

and jugular foramen, is the vaginal process of the tympanic plate of the temporal

bone, the edge of which is sharp and thin, and serves to separate the inferior surface

of the petrous part of the temporal from the non-articular part of the mandibular
fossa. Springing from this crest immediately lateral to the jugular fossa, and
in line with the middle of the external acoustic meatus, is the styloid process

of the temporal bone. Its relation to the jugular foramen is of great importance
as the internal jugular vein lies close to its medial side.

Immediately i^ehind the root of the styloid process, medial to and in line with

the front of the mastoid process, is the stylo-mastoid foramen, which is the inferior

aperture of the canalis facialis. Through it the facial nerve passes out and the

stylo-mastoid branch of the posterior auricular artery passes in. The medial
surface of the mastoid process is deeply grooved at its base for the origin of the

posterior belly of the digastric muscle. Medial to this, and running along, just

wide of the occipito-mastoid suture, is a shallow groove in which the occipital

artery is lodged. Just medial to the stylo-mastoid foramen is the synchondrosis

between the extremity of the jugular process of the occipital bone and the petrous

part of the temporal. The jugular process is a bar of bone which limits the jugular

fossa posteriorly and abuts on the occipital condyles medially ; its inferior surface is

convex from before backwards and affords attachment to the rectus capitis lateralis

muscle. The occipital condyles are placed between the jugular processes and the

foramen magnum. Limited in front by a rounded thickening which becomes
confluent with the anterior border of the foramen magnum, they form by their

medial sides the lateral boundaries of that aperture on its anterior half. I^aterally

they are continuous with the jugular processes, in front of which they overhang
a fossa which is pierced behind by the canalis hypoglossi, through which passes

the hypoglossal nerve, together with a small vein and occasionally a small meningeal
branch derived from the ascending pharyngeal artery.

The posterior condylic fossae are situated just behind the posterior extremities of

the condyles. Not infrequently the floor of each is pierced by the condyloid canal,

12
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through which the posterior condylic vein emerges. The base of the skull behmd

the jugular processes and condyles of the occipital bone is formed by the nuchal

surface of the squamous part of that bone. Posteriorly this surface is bounded

by the superior nuchal or curved line, in the centre of which is placed the projecting

external occipital protuberance. Laterally the squamous part of occipital bone is

separated from the mastoid portion of the temporal bone by the occipito-inastoid

outure, which curves backwards and laterally, from the extremity of the jugular

process in front, around the base of the mastoid process behind. In front and in

the median plane this plate of bone is pierced by the foramen occipitale magnum, the

anterior half of which has been already seen to lie between the occipital condyles.

Usually of oval form, though in some cases it tends to approach the circular,

the plane of this opening is inclined downwards and slightly forwards. The

extreme anterior edge of the foramen is sometimes called the basion, whilst the

extreme posterior margin is termed the opistMon. The lower border of the medulla

oblongata, where it becomes continuous with the spinal medulla, is lodged within

the foramen, together with the meninges which cover it, whilst the vertebral

arteries and the spinal portions of the accessory nerves pass upwards through it.

The anterior and posterior spinal arteries, some small veins, and the roots of the

first cervical nerves, also traverse it from above downwards.

The student will, no doubt, experience considerable difficulty in* bearing in mind the relative

positions of the various foramina and processes which he has studied on the inferior surface of the

base of the skull.

If a line be drawn on either side from the incisive foramen in front, through the stylo-

mastoid foramina posteriorly, it will be found to cut or pass near to the following objects :—On
the hard palate it will lie close to the greater and lesser palatine foramina. It will then pass

between the hamulus and the lateral pterygoid lamina, overlying the foramen ovale, the foramen

spinosum, the opening of the osseous part of the auditory tube and the angular spine of the

sphenoid ; behind this it will cut through the root of the styloid process and define laterally the

limits of the jugular fossa. After passing through the stylo-mastoid foramen, if the line_ be

prolonged backwards it will usually be found to pass over the mastoid foramen in the occipito-

mastoid suture. Another line of much value is one drawn across the base of the skull from the

centre of one external acoustic meatus to the other. This will be found to pass through the

root of the styloid process, the jugular foramen, the hypoglossal canal ; it then crosses the front

of the occipital condyles, and corresponds with the anterior edge of the foramen magnum.
A line which may be found useful is one drawn from the stylo-mastoid foramen of one side to

the greater palatine foramen of the opposite side. This will be seen to overlie, from behind

forwards, the lateral part of the jugular foramen and the inferior opening of the carotid canal.

The line indicates the direction of the carotid canal, and cuts the foramen lacerum anteriorly ; in

front of this it usually corresponds to the position of the posterior aperture of the pharyngeal canal.

Mandible and Atlas in Position.—The examination of the base of the skull

is incomplete unless the student examines it with the mandible and atlas in

position. The relation of the ramus of the mandible to the infra-temporal fossa

has been already sufficiently studied (p. 169); one or two points, however, may be

emphasised. The angular spine of the sphenoid lies just medial to the condyle of the

maudible when that structure is in position in the articular part of the mandibular

fossa, and it is noteworthy that immediately to the medial side of the angular

spine is the commencement of the osseous part of the auditory tube. The root of

the styloid process occupies the centre of the interval between the mandibular

ramus and the front of the mastoid process.

Anteriorly the arcade formed by the body of the mandible adds greatly to the

depth of the hard palate. In this space are lodged the tongue and the structures

which form the floor of the mouth. The medial surface of each side of the body of

the mandible is traversed by the mylo-hyoid line, which commences posteriorly

just behind the root of the last molar tooth and runs downwards and forwards

towards the symphysis in front.

When the atlas is in articulation with the occipital bone it is well to recognise

the relation of its transverse processes to the surrounding structures. The

extremities of these processes lie in line with the ends of the jugular processes of

the occipital bone, and thus come to be placed just medial to and immediately below

and slightly in front of the tips of the mastoid processes. They can thus be easily felt

in the living su]»ject. Anteriorly they are separated by a short interval from

the styloid processes, and the stylo-mastoid foramina lie immediately in front and
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slightly to the later;il side of their extremities. The student will note that there

is no hole in the jugular process oi' tlu; occi})ital bone correspitiuling to the arterial

foramen in the transverse process of the atlas through which the vertebral artery

passes. The course of this vessel over the upper surface of the posterior arch

behind tiie superior articular processes of the atlas will be seen to coincide with
the posterior condylic fossie and the margins of the foramen magnum innnediately

medial thereto, where a slight grooving of the edge often indicates the course of

the artery. In front the anterior tubercle of the atlas falls in line with the

pharyngeal tubercle on the under surl'ace of the basi-occipital, and the student must
not overlook the fact that the anterior surface of the cervical column does not

coincide with the anterior margin of the foramen magnum, but lies nearly half an
inch in front of that, in a frontal plane passing immediately in front of the

external acoustic -meatuses. Behind, the upper surface of the posterior arch of the

atlas overlaps the posterior margin of the foramen magnum, and it is by the

apposition of these two surfaces that extension is checked at the occipito-atlantal

articulation.

THE SKULL IN SECTION.
By the removal of the skull-cap the cerebral aspect of the cranial cavity is exposed.

The deep surface of the cmuial vault is grooved in the median plane for the superior

sagittal sinus, on either side of which are seen numerous depressions for the lodgment
of arachnoideal granulations. On holding the bone up to the light, the tloor of tliese

little hollows is oftentimes seen to be very thin. A short distance in front of the
lambda, and on either side of the sagittal suture, are the cerebral openings of the

parietal foramina. The inner tables of the frontal and parietal bones are grooved
for the meningeal arteries. The principal branch of the middle meningeal runs more
or less parallel to and at a variable distance behind the line of the coronal suture.

Along the bottom of these grooves small foramina may be seen for the passage of

nutrient arteries to the bone, and the floor of the sagittal sinus is likewise pierced

by small apertures for the transmission of veins.

Basis Cranii Interna.

Cranial Fossae.—The upper surface of the base of the skull is divided into

three fosste, of which the cerebrum occupies the anterior and middle, whilst in the
posterior is lodged the cerebellum.

The anterior fossa is defined posteriorly by the sharp, thin edge of the small
wings of the sphenoid, which curve laterally and slightly upwards, as well as back-
wards, to reach the region of the pterion laterally. The floor is formed from before
backwards, in the median plane, by the superior surface of the ethmoid and the
anterior part of the body of the sphenoid ; laterally it is constituted by the orbital

parts of the frontal and the small wings of the sphenoid. On these the inferior

surface of the frontal lobes of the cerebrum rests. In front the fossa is divided
in the median plane by the frontal crest, to which the falx cerebri is attached.
This is confluent below with the anterior part of the crista galli, from which,
however, it is separated by the foramen caecum, which usually transmits a small
vein from the nose. On either side of the crista galli there are grooves which
vary considerably in depth and width : therein are lodged the olfactory bulbs.

The floor and sides of the groove are pierced by numerous foramina ; of these the
largest number transmit the olfactory nerves from the nasal cavity. In front an
elongated slit, placed on either side of the crista, affords a passage to the nose for

the anterior ethmoidal branch of the naso-ciliary nerve and a small branch of

the anterior ethmoidal artery which accompanies it. To the lateral side of the
olfactory groove and the cribriform plate, the anterior fossse communicate on either

side by means of the two ethmoidal foramina with the cavities of the orbits. The
anterior foramen transmits the anterior ethmoidal nerve and the anterior ethmoidal
artery ; the posterior affords passage to the posterior ethmoidal artery and nerve
(O.T. spheno-ethmoidal nerve of Luschka). Lateral to the olfactory groove, the
floor of the fossa, which here corresponds to the roof of the orbit, is very thin, as may
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be seen by holding the skull up to the. light ; it is convex from side to side, and bears

the impress of the gyri of the inferior surface of the frontal lobes of the cerebrum,

which rest upon it. In front and at the side there are a number of vascular

grooves for the branches of the anterior and middle meningeal arteries.

The middle fossa, which in form may be compared to the wings of a bird

united by the body, is bounded in front by the curved thin posterior edge of the

small wings of the sphenoid
;
posteriorly, by the line of attachment of the tentorium

cerebelli, extending from the posterior clinoid process along the superior margin of

the petrous portion of the temporal bone. The median part of the fossa, which is

narrow, corresponds to the fossa hypophyseos and the tuberculum sellse of the sphenoid.

It is limited anteriorly by a line connecting the anterior margins of the two optic

foramina, and is overhung behind by the dorsum sellae. In this area are lodged

the structures which lie within the interpeduncular fossa on the base of the brain.

The door of the lateral parts of the fossa on each side is formed by the great wing
of the sphenoid in front, the squamous part of the temporal bone to the lateral side,

and the anterior surface of the petrous part of the temporal behind. In the hollows

so formed the temporal lobes of the cerebrum are lodged. On either side of the

tuberculum sellse are seen the optic foramina ; these pass into the orbital cavities

and transmit the optic nerves and ophthalmic arteries. Immediately behind these

openings the anterior and middle clinoid processes are sometimes united, so as to

enclose a foramen. Through this the internal carotid artery passes upwards.

Leading backwards from this, along the side of the body of the sphenoid, is the

carotid groove, which turns downwards near the apex of the petrous part of the

temporal, to become continuous with the carotid canal, which here opens on the

posterior wall of an irregular aperture, placed between the side of the body of the

sphenoid and the summit of the petrous part of the temporal, called the foramen

lacerum. Through the medial angle of this opening the carotid artery accompanied

by its plexus of veins and sympathetic nerves passes upwards. Kunning through

the fibrous tissue, which in life blocks up this opening, the greater superficial petrosal

nerve, coming from the hiatus facialis, passes downwards and forwards to reach

the posterior orifice of the canalis pterygoideus, which is placed on the anterior and
inferior border of the foramen lacerum. A small meningeal branch of the

ascending pharyngeal artery also passes upwards through this foramen. In front

and to the lateral side of the foramen lacerum, and separated from it by a narrow

bar of bone, is the foramen ovale ; through this pass both roots of the mandibular

nerve, the accessory meningeal artery, and some emissary veins. Somewhat lateral

and posterior to this is the foramen spinosum for the transmission of the middle

meningeal vessels, together with a recurrent branch (nervus spinosus) from the

mandibular nerve. Leading from the lateral' extremity of the^ foramen lacerum

there is a groove which passes laterally, backwards, and slightly upwards on the

superior surface of the petrous part of the temporal to end in the hiatus facialis

(a cleft opening into the canalis facialis), which gives passage to the greater

superficial petrosal branch derived from the ganglion geniculi on the facial nerve,

together with the small petrosal branch of the middle meningeal artery. Just

lateral to the hiatus facialis there is another small foramen for the transmission of

the lesser superficial petrosal nerve. Overhung by the posterior border of the lesser

wing of the sphenoid is the superior orbital fissure, the cleft which separates the

small from the great wings of the sphenoid, and which opens anteriorly into the

hollow of the orbit ; through this pass the oculomotor, trochlear, ophthalmic division

of the trigeminal, and abducent nerves, together with the ophthalmic veins as well

as the sympathetic filament to the ciliary ganglion and the small orbital branch

of the middle meningeal artery. Just below its medial extremity is the foramen

rotundum for the passage of the maxillary nerve to the pterygo- palatine fossa.

Behind this, and between it and the foramen ovale, the foramen Vesalii may
occasionally be seen, through which a vein passes to reach the pterygoid plexus.

The lateral parts of the middle fossa are moulded in conformity with the

gyri of the temporal lobes, but towards its medial part the splitting of the

dura mater in the region of the cavernous sinus serves to separate the cranial

base from the inferior surface of the cerebrum. As may be seen by transmitted light,
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the floor of the lateral parts of the fossa is thin as it overlies the temporal, infra-

temporal, and mandibular fossae. The grooves for the lodgment of the branches of

the middle meningeal artery leading from the foramen spinosum are readily seen

;

one, coursing backwards a little below the line of the squamoso-parietal suture,

is specially well marked. Amongst other features may be noticed the depression

for the lodgment of the semilunar ganglion overlying the apex of the petrous
part of the temporal ; beliind and to the lateral side of the hiatus facialis, the
arcuate eminence, indicating the position of the superior semicircular canal ; and
immediately anterior and slightly to the lateral side of this the tegmen tjrmpani,

which roofs in the ca\dty of the tympanum, the thinness of which can readily be
demonstrated if hght be allowed to fall through the external acoustic meatus.

The posterior fossa is larger and deeper than the others. In front it is limited
by a line on either side leading backwards and laterally from each posterior clinoid

process along the superior border of the petrous part of the temporal bone, where
laterally and posteriorly it becomes confluent with the superior lip of the transverse

groove for the transverse sinus, ending posteriorly in the middle line at the internal

occipital protuberance. Along the line thus indicated the process of dura mater
called the tentorium cerebelli, which roofs in the posterior fossa, is attached. The
floor of the fossa, in which the cerebellar hemispheres, the pons, and medulla oblongata
are lodged, is formed by the petrous and mastoid portions of the temporal bone,
with part of the body of the sphenoid and the basilar portion of the occipital bone
wedged in between them. Above the mastoid part of the temporal a small part of

the mastoid angle of the parietal enters into the constitution of the side wall of

the fossa. Behind and within these the lateral parts and inferior portions of the
squamous part of the occipital complete the floor. In the median plane the floor

of the fossa is pierced by the foramen magnum, in which lies the lower part of the
medulla oblongata, together with its membranes, and through which pass upwards
the vertebral arteries and the accessory nerves. On either side of the foramen
magnum, and a Little in front of a transverse line passing through its centre, is

the opening of the canalis hypoglossi for the passage of the hypoglossal nerve,
a small meningeal branch from the ascending pharyngeal artery and an emissary
vein. Overhanging the opening of the canalis hypoglossi there is a thickened
rounded bridge of bone, to the lateral side of which is placed the irregular opening
of the jugular foramen. The size of this is apt to vary on the two sides, and the
lumen is frequently subdivided by a spicule of bone which runs across it ; the
posterior and lateral rounded part of the foramen is occupied by the transverse

sinus, which here joins the internal jugular vein. A meningeal branch from the
ascending pharyngeal or occipital artery also enters the skull through this com-
partment. The anterior and medial part of the foramen is confluent with the groove
for the inferior petrosal sinus, which turns downwards in front of the spicule above
referred to. The interval between the portions of the foramen occupied by the two
veins allows the transmission of the glosso-pharyngeal, vagus, and accessory nerves
in this order from before backwards. About a quarter of an inch above and to

the lateral side of the anterior part of the foramen jugulare the posterior surface of

the petrous portion of the temporal bone is pierced by the internal acoustic

meatus, through which the facial and acoustic nerves, together with the nervus
intermedins, and the auditory branch of the basilar artery, leave the cranial cavity.

Behind the jugular foramen and close to the margin of the foramen magnum
the opening of the canalis condyloideus, when present, may be seen. This gives
passage to a vein which joins the vertebral vein inferiorly. The inner aperture of the
mastoid foramen is noticed opening into the groove for the transverse sinus, a little

below the level of the superior border of the petrous part of the temporal. Through
it passes an emissary vein which joins the occipital vein laterally ; the mastoid
branch of the occipital artery also enters the cranial cavity through this foramen.

The posterior fossa is divided into two halves posteriorly by the internal occipital

crest, to which the falx cerebelli is attached, the floors of the hollows on either side
of which are often exceedingly thin and are for the lodgment of the hemispheres of

the cerebellum. The grooves for the following blood sinuses are usually distinct

—

the superior petrosal running along the superior border of the petrous part of the
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temporal, the inferior petrosal lyiag along the line of suture between the petrous

part of the temporal and the basilar part of the occipital bone ; the occipital

sinus grooving the internal occipital crest ; and the transverse sinus curving for-

wards and laterally from the internal occipital protuberance, across the cerebral

surface of the squamous part of the occipital, to reach the mastoid angle of the

parietal bone, in front of which it turns downwards and medially to reach the

jugular foramen, describing a sigmoid curve, and grooving deeply the inner surface

of the mastoid and posterior aspect of the petrous portions of the temporal bone.

Before it terminates at the jugular foramen it again reaches the occipital bone and
channels the upper surface of the jugular process of that bone. Slight grooves for

meningeal arteries are also seen—some pass upwards, whilst others turn downwards
and are occupied by branches from the posterior offsets of the middle meningeal
arteries.

Median Sagittal Section of the Skull.
Such a section should be made a little to one or other side of the median plane, so as to pass

through the nasal cavity lateral to the septum ; one-half will then display the nasal septum in
position, whilst in the other the lateral wall of the nasal cavity of that side wiU be exposed.

The form of the cranial cavity is, of course, subject to many variations dependent
on individual and racial peculiarities. The following details are, however, worthy
of note. The posterior border of the foramen magnum (opisthion), and consequently

the floor of the posterior cranial fossa, occupies the same horizontal plane as the

hard palate. The anterior border of the foramen magnum (basion) lies a little

higher, so that the plane of the foramen is, in the higher races at least, oblique, and
is directed doNvnwards and slightly forwards. From the basion a line passing

upwards and forwards to reach the suture between the sphenoid and ethmoid
passes through the basi-cranial axis formed by the basi-occipital, the basi-sphenoid,

and the presphenoid. The basi-cranial axis is wedge-shaped on section posteriorly,

whilst anteriorly it is of considerable width, and has within it the large sphenoidal

air sinus. Its upper surface leads upwards and forwards with a varying degree of

obliquity from the basion to the overhanging edge of the dorsum selke, in front of

which the sella turcica, the floor of which is quite thin, is well seen in the section.

From the tuberculum sellse the floor of the anterior fossa follows a more or less

horizontal direction, corresponding pretty closely to the level of the axis of the orbital

cavity. The roof of the orbit is seen to bulge upwards to a considerable extent into the

floor of the anterior fossa ; whilst the floor of the middle fossa sinks to a level corresponding

to that of the under surface of the basi-cranial axis, where it forms the roof of the choanse.

The maximum length of the skull is measured from the glabella (a point between
the superciliary arches) to the occipital point posteriorly. It is noteworthy that the

maximum occipital point does not necessarily correspond to the external occipital pro-

tuberance (inion). The greatest vertical height usually corresponds to the distance from
the basion to the bregma (point of union of the sagittal with the coronal suture), though
to this rule there are many exceptions. On looking into the posterior fossa the hypo-
glossal canals and jugular foramina and the internal acoustic meatus are seen in line,

sloping from below upwards. The internal acoustic meatus lies in a vertical plane,

passing through the basion. The grooves for the middle meningeal artery and its

branches are very obvious. The anterior groove curves forwards and laterally, and
reaching the cerebral surface of the pterion, passes towards the vertex at a variable

distance behind and more or less parallel to the coronal suture. From this grooves pass

forwards across the suture to reach the frontal bone. Another groove curves upwards
and backwards a little below the line of the parieto-squamosal suture. From this an
upwardly directed branch radiates on the cerebral surface of the parietal bone, in the

region of the parietal tuberosity, whilst a lower branch passes backwards some little

distance above the lambdoid suture, and gives offsets which curve downwards and
medially over the cerebral surface of the squama occipitalis of the occipital bone.

Cavum Nasi.—In the section through the nasal cavity the structures which form
its lateral wall can now be studied. These are—the nasal bone ; the frontal process
of the maxilla ; the lacrimal bone ; the labyrinth of the ethmoid, comprising the
superior and middle conchal bones ; the perpendicular part of the palate bone

;

the inferior conchal bone ; and the medial surface of the medial pterygoid lamina.
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The roof as seen in the section is formed by the nasal and frontal bones, the cribri-

form plate of the ethmoid, the body of the sphenoid and the sphenoidal conchae,

the sphenoidal process of the palate and the ala of the vomer. The floor, which is

The

Fig. 173.

—

Medial Aspect of the Left Half of the Skull sagittallt divided.

frontal, maxillary, and sphenoid bones are coloured red ; the parietal, nasal and palate bones, blue ; the

basilar part of occipital, yellow, and squama occipitalis, purple. The ethmoid and inferior concha,

together with the left ala of the vomer, are left uncoloured.

1. Suture between parietal and temporal bones.

2. Remains of the subarcuate fossa.

3. Grooves for branches of the middle meningeal

artery.

4. Dorsum sellse.

5. Sella turcica.

6. Anterior clinoid process.

7. Optic foramen.

8. Sphenoidal sinus.

9. Nasal surface of superior concha.

10. Cribriform plate of ethmoid.

11. Nasal surface of middle concha.

12. Frontal sinus.

13. Nasal bone near spine of frontal.

14. Nasal bone.

15. Frontal process of maxilla.

16. Middle meatus of nose.

17. Directed towards opening of maxillary siiius.

18. Nasal surface of inferior concha.

19. Inferior meatus of nose.

20. Anterior nasal spine.

21. Foramen incisivum.

22. Palatine process of maxilla.

23. Horizontal part of palate bone.

24. Posterior nasal spine.

25. Hamulus of medial pterygoid lamina.

26. Lateral pterygoid lamina.

27. Superior meatus of nose.

28. Spheno-palatine foramen.

29. Pterygo - spinous ligament almost completely

ossified to enclose a foramen.

30. Styloid process of temporal bone.

31. Angular spine of sphenoid.

32. Mastoid process.

33. Basion (mid-point of anterior border of foramen

magnum).
34. Internal acoustic meatus.

35. Canalis hypoglossi.

36. Groove for inferior petrosal sinus leading into

jugular foramen.

37. Opisthion (mid-point of posterior border of

foramen magnum).
38. Groove for sigmoid sinus.

39. Opening of mastoid foramen.

40.'"For transverse sinus and attachment of tentorium

cerebelli.

41. Fossa for lodgment of cerebellar hemisphere,

42. Internal occipital protuberance.

nearly horizontal from before backwards, is formed by the palatine processes of the

maxillae and palate bones. On sagittal section the nasal cavity appears some-

what triangular in shape with the angles cut off; the base corresponds to the

floor ; the apertura piriformis and choana to the truncated anterior and posterior
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angles, respectively ; the superior angle is cut off by the cribriform plate ; whilst the
sides correspond to the frontal and nasal bones anteriorly, and the sphenoidal
conchae, sphenoidal process of the palate, and the ala of the vomer posteriorly.

The cavity is therefore deep towards its middle, but gradually becomes shallower in

front and behind where the piriform aperture and choana are situated. The
piriform opening of the nose, which is of half-heart shape, is larger than that of

the choanae (O.T. posterior nates), and is directed forwards and downwards ; the
choau;c are of rhomboidal form, and slope backwards and downwards. The inferior

meatus is the channel which is overhung by the inferior concha, and its Hoor is

formed by the side-to-side concavity of the upper surface of the hard palate. Open-
ing into it above, under cover of the anterior part of the inferior concha, is the canal

for the naso-lacrimal duct; whilst its floor is pierced in front near the middle
line by the canalis incisivus. The middle meatus is the hollow between the

middle and inferior conclia3 ; it slopes from above downwards and backwards,
and is overhung by the free curved edge of the middle conclue, beneath which
there is a passage called the infundibulum, leading upwards and forwards to open
superiorly into the frontal sinus, as well as into some of the anterior ethmoidal cells.

Under cover of the centre of the middle concha and continuous with the
infundibulum in front there is a curved groove, the hiatus semilunaris, into

which open one or more orifices from the maxillary sinus. Above this groove
there is a rounded eminence, the bulla ethmoidalis, overlying the middle
ethmoidal cells, which usually open on its surface. The superior meatus, about
half the length of the middle meatus, is placed between the superior and middle
conchte in the posterior and upper part of the cavity ; it receives the openings of

the posterior ethmoidal cells. Near its posterior extremity the spheno - palatine

foramen pierces its lateral wall, and brings it in relation with the pterygo-
palatine fossa. The sphenoidal sinus opens on the roof of the nose, above the

level of the superior conchse, into a depression called the spheno-ethmoidal recess.

Septum Nasi.—If the opposite half of the section in which the osseous nasal

septum is retained be now studied, it will be seen to be formed by the crests of

the maxillary and palate bones below, on which rests the vomer, the posterior

border of which being free, forms the posterior edge of the nasal septum, which
slopes obliquely upwards and backwards towards the inferior surface of the body of

the sphenoid. Here the vomer articulates with the rostrum of the sphenoid. In
front of this the vomer articulates with the perpendicular part of the ethmoid, and
between them anteriorly there is an angular recess into which the cartilaginous

septum fits. Superiorly and anteriorly the osseous septum is completed by the

articulation of the perpendicular part of the ethmoid with the nasal spine of

the frontal, together with the nasal crest formed by the union of the nasal bones

;

whilst posteriorly and superiorly the perpendicular plate of the ethmoid articulates

with the median sphenoidal crest of the sphenoid. In most instances the osseous

septum is not perfectly vertical, but is deflected towards one or other side.

Air-sinuses in Connexion with the Nasal Cavities.—Connected with the

nasal cavities are a number of air-sinuses. These are found within the body of

the sphenoid, the labyrinth of the ethmoid, the orbital process of the palate bone,

the body of the maxilla, and the superciliary arch of the frontal bone.

The sphenoidal sinus, of variable size, occupies the interior of the body of the

sphenoid. In some cases it extends towards the roots of the pterygoid processes.

In front it is formed in part by the absorption of the sphenoidal conchae and
is divided up into two cavities by a sagittally placed partition, which, however,
is frequently displaced to one or other side. It opens anteriorly into the roof

of the nose in the region of the splieno-ethmoidal recess.

The ethmoidal sinuses are placed between the lateral aspects of the upper part

of the nasal cavities, and the cavities of the orbits, from which they are separated

by thin and papery walls. These air-spaces are completed by the articulation of

the ethmoid with the maxilla, lacrimal, frontal, sphenoid, and palate bones, and
are divided into three groups—an anterior, middle, and posterior. The latter

communicates with the superior meatus ; the anterior and middle open either

independently or in conjunction with the infundibulum into the middle meatus.
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Fiontal sums

Custa galli of ethmoid

The sinus in the orbital process of the palate bone either communicates with the

sphenoidal sinus, or else assists in closing in some of the posterior ethmoidal cells.

Its communication with the nasal cavity is through one or other of these spaces.

The maxillary sinus lies to the lateral side of the nasal cavity, occupying the

body of the maxilla. Its walls, which are relatively thin, are directed upwards to

the orbit, forwards to the face, backwards to the infra-temporal and pterygo-palatine

fossae, and medially to the nose. In the latter situation the perpendicular part

of the palate bone, the un-

cinate process of the ethmoid,

the maxillary process of the

inferior concha, and a small

part of the lacrimal bone
assist in the formation of

the thin osseous partition

which separates it from the

nasal cavity. The floor corre-

sponds to the alveolar border

of the maxilla, and differs

from the other walls in being

stout and thick ; it is, how-
ever, deeply pitted inferiorly

by the alveoH for the teeth.

The sinus opens by a

narrow orifice in the floor

of the hiatus semilunaris

into the middle meatus.

Occasionally there are two

Ciibriform plate of ethmoid

Sphenoidal sinus

Fossa hypophyseos
Dorsum selUe
of sphenoid

iJ..^X^^

Angular spine OpemUgS.
\.mer of sphenoid rpj^g

frOUtal
pterygoid lamina

llani ilus of medial
pLsiygoid lamina

Foramen inc-isivum

Fig. 174.

—

The Nasal Septum as seen from the Left Side.

sinuses lie,

one on either side, between
the inner and outer tables of

the frontal bone over the root

of the nose, and extend
laterally under the super-

The frontal, maxillary, and sphenoid bones are coloured red ; the nasal, ciliary archeS. The parti-
vomer, and basi-occipital blue ; the perpendicular part of the ethmoid

^j^qq which Separates them
and the horizontal part of the palate bone are left uncoloured. . ,,

. i .t -i -j.

IS usually central, though it

may be deflected to one or other side. Each communicates with the nose

through a passage called the infundibulum, which opens inferiorly into the

anterior part of the corresponding middle meatus, below the ethmoidal bulla and
continuous with the hiatus semilunaris.

The fact should not be overlooked that the air-spaces within the temporal

bone, viz., the tympanic cavity and the mastoid air-cells, are brought into com-

munication with the naso-pharynx through the auditory tubes. Further details

regarding the air-sinuses and the mode of their growth will be found under the

description of the individual bones.

Frontal Sections.

The relations of many parts of the cranium are best displayed in a series of frontal

(coronal) sections.

By sawing off a thin slice from the front of the lower part of the frontal bone

above, and carrying the section downwards through the medial wall of the orbit and

the frontal process of the maxilla, into the piriform aperture below, a number of important

relations are revealed (see Fig. 175). In the frontal region the extent and arrange-

ment of the frontal sinuses are displayed. The partition between the two sinuses,

be it noted, is usually complete and central in position, though it may occasionally be

perforated or oblique. The sinuses are hardly ever symmetrical, the right being

usually the smaller of the two. (Logan Turner, Ediyi. Med. Journ. 1898.)

The infundibulum on either side, leading from the frontal sinus above to the middle
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meatus below, is seen with the middle concha medial to it, and the anterior ethmoidal

cells to its lateral side above. If the section passes through the canal for the naso-

lacrimal duct the continuity of that channel leading from the orbit above to the inferior

meatus of the nose below is clearly shown. Its medial wall above, by which it is separated

from the cavity of the nose, is formed by the thin lacrimal bone ; below, it passes under

cover of the inferior concha to open into the anterior part of the inferior meatus. It is

Fig. 175.- -Part of the Frontal, Nasal, and Maxu^lary Bones rkmoved in order to

display the relation of the various cavities exposed.

The frontal and maxillary bones, where cut, are coloured blue ; the ethmoid and the inferior concha red ;

the lacrimal and vomer yellow.

1. Frontal sinus. 7.

2. Septum of frontal sinus dertected towards the right. 8.

3. Infundibuluin leading from sinus to middle meatus. 9.

4. Anterior ethmoidal air-sinuses. 10.

5. Middle concha. 11.

6. Red line in upper part of osseous canal for naso- 12.

lacrimal duct, laid open throughout its entire

length on the right side. 13.

Cavity of maxillary sinus laid open.

Middle meatus of uose.

Inferior meatus of nose.

Inferior concha.

Nasal septum.

Canal for nasolacrimal duct laid open through-

out its entire length.

Anterior nasal spine.

separated from the maxillary sinus laterally by a thin lamina of bone. The cavity of

the maxillary sinus is seen to extend upwards and forwards so as to pass over the lateral

side as well as slightly in front of the canal for the naso-lacrimal duct.

The lower margins of the middle conchae lie pretty nearly on a level with the

most dependent parts of the orbital margins, whilst the lower borders of the inferior

conchfc are placed a little above the lower margin of the piriform opening on a level

with the lowest point of the zygomatico-maxillary suture.

Such a section will reveal any deflection of the nasal septum should it exist, and will

also show that but a narrow cleft separates the upper part of the septum, on either side,

from the medial surface of the superior conchtv.

The next section (Fig. 176) passes through the anterior part of the temporal fossa just
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behind the zygomatic process of the frontal bone above ; inferiorly it passes through

the ah-eolar process of the maxilla in the interval between the first and second molar

teeth. The cranial, orbital, nasal,

and maxillary cavities are all ex-

posed, together with the roof of

the mouth.
The anterior cranial fossa is

deepest in its centre, where its

floor is formed by the cribriform

plate of the ethmoid ; this corre-

sponds to the level of the zygo-

matico-frontal suture laterally.

On either side the floor of the

fossa bulges upwards, owing to

the arching of the roof of the

orbit. Of the orbital walls, the

lateral is the thickestand stoutest

;

the superior, medial, and inferior

walls, which separate the orbit

from the cranial cavity, the eth-

moidal cells, and the maxillary

sinus, respectively, are all thin.

The cavity of the maxillary

sinus lying to the lateral side of

the nasal cavity is well seen.

Its roof, which separates it from

the orbital cavity, is thin and

traversed by the infraorbital

canal. Its medial wall, with

which the inferior concha articu-

lates, is very slender, and forms

the lateral walls of both the

middle and inferior meatuses of

the nose. Its lateral wall is

stouter where it arches up to

bracket the temporal process of

the zygomatic bone. Its floor,

which rests upon the superior

surface of the alveolar border of

the maxilla, sinks below the level

of the hard palate. The fangs

of the teeth sometimes project

into the floor of the cavity.

The nasal cavities are narrow

above, where they lie between

the orbital cavities, from which

they are separated by the cells

within the labyrinth of the

ethmoid. The roof which cor-

responds to the cribriform plate

is narrow, and lies between the

septum medially and the laby-

rinth on either side.

At the level of the orbital floor

the nasal cavities expand later-

ally, the middle meatus running

longitudinally in the angle formed

by the labyrinth of the ethmoid

with the body of the maxilla,

overhung by the middle concha. This channel is seen to have the ethmoidal

cells superior to it, the orbital cavity above and to the lateral side, the maxillary sinus

laterally, whilst its floor is formed by the superior surface of the inferior concha.

The inferior meatus, much more roomy, runs along imder cover of the inferior

22 -'1 20 I'J

Fig. 176.

—

Frontal Section passing inferioely through
THE Interval between the First and Second Molar Teeth.

The frontal and maxillary bones, where cut, are coloured blue
;

the ethmoid, inferior conchse, and zygomatic red ; the vomer yellow.

11

1. Groove for .sagittal sinus.

2. Crest for attachment of falx

cerebri.

3. Crista galli of ethmoid.

4. Cribriform plate of ethmoid.

5. Perpendicular part of eth-

moid, assisting in the forma-

tion of the nasal septum.

Labyrinth of ethmoid con-

sistingof the ethmoidal cells.

Lamina papyracea of ethmoid.
Middle meatus of nose.

Middle concha.

Opening from middle meatus
into maxillary sinus.

Orbital surface of maxilla.

6.

9.

10.

12. Zygomatico-frontal suture.

13. Infra-orbital groove.

14. Maxillary sinus.

15. Canal for the anterior alveolar

nerve and vessels exposed.

16. Inferior concha.

17. Inferior meatus of nose.

18. Alveolar process of maxilla.

19. Groove for posterior palatine

nerve and greater j^alatine

vessels.

20. Palatine process of maxilla.

21. Maxillary crest forming part

of nasal septum.

22. Vomer forming part of nasal

septum.
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concha. Laterally it is related to the maxillary sinus, whilst its Hoor is formed by tlie

concave superior surface of the hard palate.

The hard palate is arched below, whilst its superior surface is concave upwards on

either side of the median crest which

supports the nasal septum. The sides ^ '^

of the arch below correspond to the

medial surfaces of the alveolar processes

and fall in line with the lateral walls

of the nasal cavities superiorly. The
summit of the arch lies a quarter of

an inch above the level of the floor

of the maxillary siinis.

The next section (Fig. 177) passes

through the pterygo - palatine and
temporal fossiC inferiorly, and cuts the

cranial vault about half an inch in

front of the bregma. The floor of

the anterior cranial fossa is seen to be

formed by the upper surface of the

body and small wings of the sphenoid,

and is almost horizontal. At the median
plane the sphenoidal sinuses are exposed,

separated by a thin bony partition, on

either side of which the openings by
which they communicate with the nasal

cavities are seen. The section passes in

front of the optic foramen, the groove

of which may be seen on the inferior

surface of the small wing of the sphe-

noid close to the body, and lays open
the superior orbital fissure which here

leads forwards into the orbit, and which,

inferiorly and laterally, is continuous
with the cleft between the maxilla and
the lower edge of the great wing of the

sphenoid—the inferior orbital fissure.

This also leads into the orbit.

The nasal cavities, now much dimin-

ished in height, are roofed in above by
the inferior surface of the body of the

sphenoid and the ala3 of the vomer,
whilst the lateral walls are seen to be
formed by the thin perpendicular parts

of the palate bones, lateral to which
the rounded posterior surface of the
maxilla is directed backwards, here
forming the anterior wall of the

pterygo - palatine fossa— the space
which lies between the anterior part of

the pterygoid process behind and the
maxilla anteriorly. As will be seen,

the medial wall of this space is formed
by the perpendicular part of the palate,

which is, however, deficient above im-
mediately below the inferior surface of

the body of the sphenoid. In the in-

terval between the orbital process, which
lies in front of the section, anc^ the
sphenoidal process, which lies behind,
this forms the spheno-palatine fora-

men. Laterally the section has passed through the inferior orbital fissure, which is

continuous above with the pterygo-palatine fossa. Inferiorly the section passes through
the line of fusion of the pterygoid processes with the pyramidal process of the palate

Fig. 177.

—

Frontal Section passing thhovgh the
Pterygo-Palatine Fossa.

1. Depression for aracli-

noideal grauulatioii.

2. Groove for sagittal sinus.

3. Crista galli of ethmoid.

4. Opening of sphenoidal

sinus into superior

meatus of nose through
spheno - ethmoidal re-

cess.

5. Superior orbital fissure.

6. Part of middle fossa

formed by cerebral

surface of great wing
of sphenoid,

7. Zygomatic crest of great

wing of sphenoid.

8. Inferior orbital fissure.

9. Zygomatic process of

temporal.

10 process of

11

Zygomatic
maxilla.

Surface of ma.xilla which
forms the anterior wall

of the pterygo-palatine

fossa.

12. Spheno-palatine foramen.

13. Opening of pterygo-pala-

tine canal.

Perpendicular part of

palate bone.

Pterygoid fossa.

Superior meatus of nose.

Middle meatus of nose.

Inferior meatus of nose.

Inferior concha.

Middle concha.

Maxillary crest and vomer
forming nasal septum.
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bone and the nniou of the latter with the niaxilla. Just above this the opening of the

pterygo-palatine canal, which leads from the pterygo-palatine fossa to the inferior surface

of the hard palate, is visible; whilst inferiorly a small portion of the lower part of the

pterygoid fossa is cut through.
2 Within the choanae the middle

and inferior conch te are seen
;

the inferior border of the former

corresponds to the level of the

superior border of the zygomatic

arch, whilst the attached edge of the

latter to the perpendicular part of

the palate lies in the same horizontal

plane as the inferior margins of that

arch. Note also that the medial

pterygoid laminae lie considerably

within the lines of the medial sur-

faces of the alveolar border, and

reach some little distance below the

level of the hard palate.

The next section (Fig. 178)

passes through the mandibular fossa

just behind the tuberculum articu-

lare ; superiorly, it cuts the vault

half an inch behind the bregma. The
middle cranial fossa is shown in

section, the floor of which descends

as low as the level of the inferior

surface of the body of the sphenoid,

corresponding laterally to a hori-

zontal plane passing through the

superior edge of the posterior root

of the zygoma. The body of the

sphenoid rises a finger's breadth

above this in the median plane ; the

cavity within it is exposed, whilst

on either side and below is seen

the groove for the internal carotid

artery, leading upwards from the

medial part of the foramen lacerum,

which is here divided. To the

lateral side of the groove is seen

the prominent edge of the lingula,

immediately below which is the

posterior aperture of the pterygoid

canal, the inferior edge of which is

in part concealed by the pterygoid

tubercle. Immediately lateral to

the foramen lacerum the foramen
ovale is seen separated from the

surface of the section by a narrow

bridge of bone. Here it is seen to

overlie the root of the lateral ptery-

goid lamina. The section passes

just in front of the foramen spin-

osum, and here is visible the stout

suture between the great wing of

the sphenoid and the squamous part

of the temporal bone. The man-
dibular fossa of the temporal bone

is cut on either side, and in its

deepest part is separated from the

middle cranial fossa by but a thin lamina of bone. The thinness of the squamous part of

the temporal and tlie manner in which it is sutured to the parietal is also well displayed.
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Fkontal Section ok the Skull passingthrough the

Mandibular Fossa just behind the Tuberculum Articulare.
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8. Superior orbital fissure.
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goi<l lamina.
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Opening ofsphenoidal sinus.

Dorsum sell*.
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The next figure (Fifj;. 179) displays the anterior surface of the seotiuu iinmediately

Iji'liiiul that above described. In the centre is seen the body of the sphenoid, and the

jiostorior wall of tl»e sinus is now exi)Osed ; on either side the apex of the petrous part of the

teni|)oral abuts upon the side of tlie body of the sphenoid, and the large orifice of the carotid

canal is seen opening on to the

posterior wall of the foramen

laceruni, wliich is here divided.

In the recess between the lateral

wall of tlie carotid canal and the

spine of the sphenoid is the

groove leading into the osseous

part of theauditory tul)e, in front

of which the base is pierced by
the foramen spinosum. Lateral

to the angular spine, the man-
dibular fossa is divided and its

til in roof displayed. Crossing it

transversely is seen the petro-

tympanic fissure which divides

the fossa into an articular and
non-articular part. The floor of

the middle cranial fossa is here

seen to be formed by the upward
slope of the anterior surface of

the petrous part of the temporal,

which is pierced by the hiatus

canalis facialis, and the foramen

for the lesser superficial petrosal

nerve. On the upper surface of

the summit of the petrous part

of the temporal the depression

for the lodgment of the semi-

lunar ganglion is well seen on

either side.

The last section, the an-

terior surface of which Fig.

180 is a representation, passes

vertically through the base

immediately in front of the root

of the styloid process. In the

median plane the basi-occipital is

divided a little in front of the

anterior extremities of the oc-

cipital condyles ; its npper sur-

face is concave from side to side

and forms a wide groove for the

medulla oblongata and pons.

On either side there is a narrow-

interval between the lateral edge

of the basi-occipital and the

posterior border of the y)etrous

part of the temporal, which in

life is occupied by dense fibrous

tissue; running along the upper

surface of this suture is the in-

ferior petrosal sinus. Laterally

the section passes through the

temporal bone, dividing the cavity of the tjrmpanum and laying open the external acoustic

meatus. To the medial side of the tympanic wall the cochlea is exposed, whilst above and

lateral to it the canalis facialis is twice divided, the section passing posterior to the

angle formed by its genu, lielow the cochlea, and sej)arated from it and the medial part

of the floor of the tympanum, the carotid canal is in part exposed. Al)0ve the tympanum

is the epitympanic recess {''attic") leading into the tympanic antrum, the whole being

Fig
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roofed in by the thin tegmen tympani, which separates it from the middle cranial fossa.

The obliquity of the medial end of the external acoustic meatus, together with the

groove for the attachment of

the tympanic membrane, is

well seen, and the thickness of

the upper wall of that passage

is also noteworthy. The floor

of the meatus, formed by the

tympanic plate, which separ-

ates it from the mandibular

fossa, is much thinner, but in

the region of the root of the

styloid process there is a mass-

ing together of dense bone.

HORIZONTAL SECTION.

Figure 181 represents a

horizontal section passing

through the face a little below

the level of the inferior orbital

margin, cutting through the

root of each pterygoid process

posteriorly. The nasal cavities

and the maxillary sinuses are

thus exposed. The nasal cavity

is divided slightly below the

inferior edge of the middle

concha along the line of the

middle meatus. The thin

partition, which here separates

the nose from the maxillary

sinus, is cut through, and the

aperture into the sinus laid

open. In front of this, the

canal for the naso-lacrimal duct

is cut across, and its relations

to the maxillary sinus in front

and to the lateral side, and
carotid

t;o the nose medially, are well

displayed. The form of the

maxillary sinus, as exposed, is

triangular, the summit of the

triangle being directed later-

ally towards the root of the

zygomatic process. Its anterior

wall, which is here stout, is

Fig. 180.-
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-Vertical Section through the Skull immediately

front of the root of the styloid process.
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pierced obliquely by the infra-orbital canal which at this point reaches the facial surface

of the maxilla at the infra-orbital foramen. Its posterior wall, thin and convex backwards,

is directed towards the infra-temporal fossa laterally, and to the pterygo-palatine fossa

medially, where it lies in front of the pterygoid processes. The latter fossa has been cut

across and is seen to correspond to the interval between the posterior and superior

surface of the maxilla, and the anterior aspect of the root of the pterygoid process.

Laterally, it is seen to communicate with the infra-temporal fossa by means of the pterygo-

maxillary fissure which is here cut across ; medially, it opens into the nose by the spheno-

palatine foramen, which is also divided. On one side the anterior orifice of the pterygoid

canal is seen opening on to the posterior wall of the fossa. On the other side, the

canal has been laid open, by removing its lower wall, so as to expose its whole length

as it leads backward to the anterior edge of the foramen laccrum. In the middle

line, the nasal septum, here formed by the vomer and perpendicular part of the ethmoid,

is shown in section. K line passing through the inferior orbital fissures cuts the zygo-

matic arch where the zygomatic process of the temporal articulates with the zygomatic

bone.
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31 30 29 28 2'

Fig. 181.—Horizontal Seciign of the Skull a little below the level of the

Inferior Orbital Margin.

Canal for naso-lacrinial duct.

JNIiddle concha.

Nasal septum.
Middle meatus of nose.

Naso-lacrinial duct.

Infra-orbital caual.

Opening into maxillary sinus from the middle

meatus of the nose.

Roof of maxillary sinus.

Inferior orbital fissure.

Passing through pterygo-maxillary fissure

into pterygo- palatine fossa and ending

opposite opening of foramen rotundum.
Infra-temporal crest of great wing of sphenoid.

Zygomatic arch.

Squamous part of temporal.

Inferior surface of great wiug of sphenoid.

Cut pterygoid process,

Tuberculum articulare.

Foramen ovale.

18. Mandibular fossa.

19. Foramen spinosum.

20. Spine of sphenoid.

21. Petro-squamosal fissure.

22. Opening of bony canal of auditory tube.

23. Carotid canal.

24. Upper opening of carotid canal (foramen

lacerum).

25. Anterior opening of pterygoid canal.

26. Roof of pterygo-palatine fossa just above

spheno-palatine foramen.

27. Superior concha.

28. Superior meatus of the nose.

29. Placed in position of spheuo - palatine

foramen.

30. Placed in the pterygo - palatine fossa

near the upper part of the pterygo-

maxillary fissure.

31. Pterygoid canal laid open.

SEXUAL DIFFERENCES IN THE SKULL.

Whilst it is a matter of difficulty, in all cases, to determine with certainty the sex of

a skull, the following points of difference are usually fairly characteristic. The female skuU
is, as a rule, smaller than the male. In point of cranial capacity it averages about a tenth

less than the male of corresponding race. Undue stress must not be laid on these facts,

since the female in bulk and stature measures on an average less than the male. It is

lighter, smoother as regards the development of its muscular ridges, and possesses less

prominent mastoid processes. In the frontal region, the superciliary arches are less pro-

nounced, and this imparts a thinness and sharpness to the upper orbital margin, which is

fairly characteristic, and can best be appreciated by running the finger along that edge of

bone. For the same reason, the forehead appears more vertical and the projections of the

13
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frontal tuberosities more outstanding, though it is stated that the frontal and occipital

regions are less capacious proportionately than in the male. The vertex in the female is

said to be more flattened, and the height of the skull consequently somewhat reduced. In
the male the edge of the tympanic plate is generally sharp, and divides to form the sheath
of the styloid process, whilst in the female the corresponding border is described as being
rounder and more tubercular.

Whilst it is true that no one of these differences is sufficiently characteristic to enable
us to pronounce with certainty on the matter of sex, it is the case that, taken together,

they usually justify us in arriving at a conclusion which, as a rule, may be regarded as

fairly accurate. In some instances, however, it is impossible to express any definite

opinion.

THE SKULL AT BIRTH.

The skull at birth is remarkable for the small size of its facial portion and the

proportionately great development of its calvarial part, the former constituting

only about one-eighth of the mass of the latter.

The bones of the cranial vault have not as yet the serrated edges which they
exhibit at a later stage of growth, but are at present separated from each other by
a narrow linear membranous interval, corresponding in position to the lines of the

sutures by which they are ultimately united. At certain points, where these

membranous sutures meet or intersect, there are areas, of varying outline, in which
the space between the edges of the surrounding bones is formed of membrane only.

This membrane corresponds to the overlying pericranium and the underlying

dura mater. The larger of these membranous intervals, called fonticuli or fontanelles,

are met with in correspondence with the angles of the parietal bone. Of these,

two are placed medially, at either end of the sagittal suture.

The fonticulus frontalis, or anterior median fontanelle, formed by the convergence

of four sutures, is the lozenge-shaped membranous interval between the rounded
frontal angles of the parietal bones posteriorly and the sloping edges of the two
halves of the frontal bone anteriorly,- which are still separated from each other

by the metopic suture. This space closes about the first half of the second year

or later.

The fonticulus occipitalis, or posterior median fontanelle, at this stage is repre-

sented by a triradiate membranous interval interposed between the two parietals

in front and the more or less pointed angular superior extremity of the occipital

squama behind and below. The anterior limb of the triradiate area corresponds

to the posterior more open part of the sagittal suture, whilst the lateral extensions

slope laterally and downwards between the edges of the occipital squama and the

posterior margins of the parietal bones on either side ; variations in the outline

of this fontanelle may be met with, owing to the persistence of the suture which

separates the interparietal elements of the occipital bone into two halves. Closure

of the occipital fonticulus takes place about the second month after birth.

The lateral fonticuli are situated at the sphenoidal and mastoid angles of the

parietal bone. The fonticulus sphenoidalis, or antero-lateral fontanelle, corresponds

to the region of the 'pterion, and is the irregular membranous interval between the

sphenoidal angle of the parietal above, the posterior edge of the frontal anteriorly,

and the margins of the great mng of the sphenoid and the pars squamosa of the

temporal bone below; it closes from two to three months after birth.

The fonticulus mastoideus, or postero-lateral fontanelle, lies between the mastoid

angle of the parietal superiorly and the mastoid portion of the petro-mastoid

element of the temporal bone in front, the edge of the ex-occipital part of the

occipital bone below, and the anterior margin of the supra-occipital element of the

same bone behind. The site of this fontanelle corresponds to what is known as

the asterion in the adult ; it closes in from twelve months to two years after birth.

In any of these fonticuli independent ossicles of bone, called ossa suturarum, are

liable to appear, and assist in the closure of the membranous area. At birth such

an ossicle may appear in the fonticulus occipitalis, constituting what has been

termed a 'pre-interparietal. And in the region of the pterion such ossicles have been

described as epipteric bones ; but it is doubtful if such independent ossicles have any
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morphological significance, and are not more readily accounted for on the assumption

that they are mere irregularities in the ossification of the occluding membrane.

The sagittal fonticulus is occasionally seen in the skull at birth as a transverse

fissure or angular cleft, notching the sagittal margins of the parietal bones,

transversely to the line of the sagittal suture, and in correspondence with the

position of the parietal foramina, the medial margins of which may, as yet, be

unossitied and formed merely by the membranous layer uniting the two bones.

Frequently at birth all evidence of the previous existence of this fonticulus

is absent.

Most striking at birth is the occurrence of outstanding bosses, tubera parietalia,

on the surface of the parietal bones. These overlie tlie position of the primary

ossific centres from which these bones are originally developed, and correspond to

Fonticulus fnmtali.s

Tuber frontale

Fossa sacci

lacrinialis

Elevations corresponding
to the position of the
dental sacs

Fig. 182.

—

Frontal Aspect ok the Skui.i. at Bihth.

the greatest maximum width of the calvaria. They mark the position of what in

the adult are known as the tubera parietalia, though, be it noted, that in the adult

condition these reliefs need not necessarily correspond to the greater breadth of

the head.

In like manner the sites of the centres from which the lateral portions of the

frontal part of the frontal bone are developed are readily recognised by the presence

of the frontal bosses, which impart to the child's forehead its bulging appearance,

and correspond in later life to the position of the frontal tuberosities. As yet the

two halves of the frontal part of the frontal bone are ununited, being separated

by the frontal or metopic suture (sutura frontalis), >vhich lies in direct continuation

anteriorly with the line of the sagittal suture. The frontal suture is, as a rule,

more or less completely fused by the sixth year.

The size of the infant's skull at birth varies considerably, and is to a large

extent dependent on the bulk and development of the child. The size of the skull

in female infants is absolutely smaller than in the case of male children, though
not necessarily proportionately smaller, since the weight of female children at

birth is on the average absolutely less than male foetuses at full term.
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In viewing the skeleton of the face the observer is struck with the large

proportionate size of the orbital and nasal apertures. The former are circular in

outline, with sharp crisp margins. Under cover of the zygomatic process of the

frontal bone the roof and lateral wall of the orbit is deeply recessed. The fossa

sacci lacrimalis is oftentimes directed more towards the facial aspect than towards

the orbital cavity. The superior and inferior orbital fissures are proportionately large,

and the latter, in the macerated skull, forms a wide channel of communication

with the fossa infratemporahs. The nasal aperture, apertura piriformis, is cordate

in form, and exhibits a greater proportionate width than is met with in the adult

;

its inferior margin is not far beneath the level of the inferior orbital margins.

The vertical depth of the maxillse is small, and as yet the processus alveolaris is

imperfectly developed, its inferior edge lying but little below the level of the

inferior border of the arcus zygomaticus. Sunk in the alveolar border at this

Position of fonticulus frontalis

Tuber parietale

Cartilaginous
nasal septum

Position of
-fonticulus
occipitalis

Suture between '

terparietal and
supra-occipital parts
of occipital bone

Fonticulus mastoideus

Fig. 183.—Lateral Aspect of the Skull at Birth.

stage may be seen the relatively large hollows in which the dental sacs are lodged.

Within the body of the maxilla the maxillary sinus is represented by a shallow

groove, disposed in relation to. the middle meatus of the nose. For this reason the

space separating the orbital floor from the palatine surface of the bone is small,

but is later increased to its adult proportions by the enlargement of the maxillary

sinus and the consequent expansion of the body of the maxilla.

Viewed from the inferior surface, the hard palate is shallow, owing to the poor

development of the alveolar border. The sutures between the ossa incisiva and

the processus palatini of the maxillse are readily recognisable, and the vertical

height of the choanae is seen to be relatively small, owing to the perpendicular parts

of the palate bones not having reached their adult proportions.

The mandible consists of two parts united, in the median plane in front, by

fiVjrous tissue to forui the symphysis. The alveolar l)order is deeply grooved for

the recex^tion of the dental sacs, whilst the remaining substance of the body of

the bone is but slightly developed. The foramen mentale pierces the bone about

midway between its superior and inferior borders.
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The ramus is proportionately \yide, ami forms with the body an angle whicli is

very obtuse.

The coronoid process rises considerably above the level of the capitulum, and
comes into close relationship with the crista infratemporalis.

The capitulmn, which is proportionately more expanded than in the adult,

occupies the somewhat laterally directed shuUuw mandibular fossa of the temjjoral

bone.

On viewing the lateral aspect of the skull, the meatus acusticus externiis, as

such, is not seen ; it is replaced by the slender annulus tympanicus, which supports

the tympanic membrane. This ring of bone, incomplete above, is united by its

extremities superiorly to the inferior surface and lateral aspect of the S(iuamo-

zygomatie part of the temporal bone. The ring itself is disposed so that it slopes

downwards, forwards, and medially ; as yet it fails to enter into the formation of

the posterior wall of the /oss« mandihularis, and only at a later stage does it grow
laterally to form the floor of the external acoustic meatus. Through the ring

the labyrinthic wall of the cavum tympani is seen ; exposed on this surface are

the promontory, the fenestra vestibuli, and the fenestra cochlea3.

Posterior to the tympanic ring the sutura squamosomastoidea, still open, is seen

separating the pars mastoidea from the squama temporalis of the temporal bone.

On turning the skull over so that its inferior surface is exposed, the partes laterales

of the occipital bone are seen separated in front from the pars basilaris by a

suture, which runs through the occipital condyle on either side. Posteriorly an
open suture, which curves backward and laterally on each side of the posterior

margin of the foramen ovale, separates them from that part of the squama
occipitalis which is developed in cartilage. The squama occipitalis at this stage

exhibits a lateral cleft on each side, passing backwards from the fonticulus

mastoideus, whicli serves to indicate the line of union of the parts which are

developed in cartilage and membrane respectively. The latter, the superior,

sometimes separate, constitutes the os interparietale.

DIFFERENCES DUE TO AGE.

At birth the face is proportionately small as compared with the cranium, constituting

about one-eighth of the bulk of the latter. In the adult the face equals at least half the

cranium. About the age of puberty the development and expansion of some of the air-

sinuses, more particularly the frontal sinus, lead to characteristic differences in form in

both the head and face.

The eruption of the teeth in early life and adolescence enables us to determine the

age with fair accuracy. After the completion of the permanent dentition, the wear of the

teeth may assist us in hazarding an approximate estimate. The condition of the sutures,

too, may guide us, synostosis of the coronal and sagittal sutures not as a rule taking place

till late in life. Complete obliteration of the synchondrosis between the occipital bone
and sphenoid may be regarded as an indication of maturity. In old age the skull

usually becomes lighter and the cranial bones thinner. The alveolar borders of the

maxilla) and mandibles become absoi-bed owing to the loss of the teeth. This gives

rise to a flattening of the vault of the hard palate and an alteration in the form of the

mandible, whereby the mandibular angle becomes more obtuse.

THE BONES OF THE SUPERIOR EXTREIYIITY.

Clavicula.

The clavicle, or collar bone, one of the elements in the formation of the
shoulder girdle, consists of a curved shaft, the extremities of which are enlarged.
The medial end, since it articulates with the sternum, is called the sternal

extremity ; the lateral extremity, from its union with the acromion of the scapula,

is known as the acromial end.

The extremitas sternalis (sternal end) is enlarged, and rests upon the disc
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of fibro-cartilage which is interposed between it and the clavicular facet on the
upper and lateral angle of the manubrium sterni. It is also supported by a small
part of the medial end of the cartilage of the first rib. Its articular surface, usually
broader from above downwards than from side to side, displays an antero-posterior
convexity, whilst tending to be shghtly concave in a vertical direction. The edge
around the articular area, which serves for the attachment of the capsule of the

Sternal
articular
SURFACE

Acromial
articular surface

Tuberositas coracoidea

Fig. 184.^

—

The Right Clavicle seen prom above.

sterno-clavicular articulation, is sharp and well defined, except below, where it is

rounded.

The body exhibits a double curve, being bent forwards in the medial two-

thirds of its extent, whilst in its lateral third it displays a backward curve. Of
rounded or prismatic form towards its sternal end, it becomes compressed
and flattened at its acromial extremity. It may be described as possessing two
surfaces, a superior and an inferior, separated by anterior and posterior borders, which

are well defined towards the

lateral extremity of the bone,

but become wider and less

well marked medially where
they conform more to the

cylindrical shape of the bone.

The superior surface, which is

smooth and subcutaneous

throughout its whole length,

is directed upwards and for-

wards. The anterior border,

which separates the superior from the inferior surface in front, is rough and tubercular

towards its medial end for the attachment of the clavicular fibres of thejjgctoralis

major, whilst laterally, where it becomes continuous with the anterior margin of

theacromial end, it is better defined, and bears the imprint of the origin of the

fibyes of the^jj^ltoidjim§cle ; h ere, not uncommonly, a projecting spur of bone,

called the deltoid tubercle, may be seen. The 'posterior larder is broad medially,

FtNO-HYOID
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Fig. 185.
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The Upper Surface of the Right Clavicle

WITH Muscle Attachments.

Sternal
articular
surface

where it i^ppcd superiorly to furnish an attachiSpWHTthe clavicular fibres of the

sterno-ma1»jL muscle ; behind and below this the sterno-hyoid and sterno-thyreoid

muscles arepSbched to the bone. Laterally, the post^or border /becomes more

rounded, ancMponfluent with the posterior edge of the^ acromial end at a point

where thereJF a marked outgrowth of bone from its inferior surface, the

tuberositas coracoidea. Into the lateral third of this border are inserted the
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Fig. 187.—Tin: L'.ndeh Surface of the Right Clavicle with thk
Attachments of the Muscles mapped out.

upper and anterior fibres of tlie trapezius muscle. The inferior surface,
clined downwards and backwards, is marked close to the sternal end
an irregular elongated

impression (tuberositas

costalis), often deeply
pitted, for tlie attach-

ment of the co.sto-

clavicuhirliLrament,which

unites it to the cartilage

of the first rib. Lateral

to this the shaft is

channelled by a groove
which terminates close

to the coracoid impression ; into this groove the subclavius muscle is inserted.

The acromial end of the bone is Hattened and compressed from above down-
wards, and expanded from before backwards ; its anterior edge is sharp and well

defined, and gives attachment to the deltoid muscle, which also spreads over part

of its upper surface. Its posterior margin is rougher and more tubercular, and
provides a surface for the insertion of the trapezius. The area of the superior

surface between these two muscular attachments is smooth and subcutaneous. The
lateral edge of this forward-turned part of the bone is provided with an oval facet

(facies articularis acromialis) for articulation with the acromion of the scapula ; the

margins around this articular area serve for the attachment of the capsule of the

joint. The inferior surface of the acromial end of the bone is traversed obliquely

from behind forwards and laterally by a rough ridge or line called the trapezoid

ridge. The posterior extremity of this ridge, as it abuts on the posterior border

of the bone, forms a prominent process, the tuberositas coracoidea; to these,

respectively, are attached the trapezoid and conoid portions of the coraco-clavicular

ligament.

The morphology of the clavicle is of special interest. Its presence is associated with

the freer use and greater range of movement of the fore-limb, such as are necessary for

its employment for more specialised actions than those of mere progression. In conse-

quence of these requirements, the limb, and with it the scapula, become further removed
from the trunk, and so the support which the lilade bone received through the union of

its coracoid element with the sternum, as in birds and reptiles, and to some extent in the

lowest mammals, is withdrawn. Some substitute, however, is necessary to meet the

altered conditions, and in consequence a new element is introduced in the form of a

clavicle. The origin of this bone appears to be intimately associated with the precoracoid

element met with in amphibia or reptiles, but whereas the precoracoid is always laid

down in cartilage, which, however, not infrequently disappears, the clavicle develops in

the membrane overlying the precoracoid cartilage. In the course of its development it

may become intimately associated with the remains of that cartilage. Thus, it is probable

that the articular discs at the sterno-clavicular and acromio-clavicular joints, as well

as the sternal articular end of the clavicle, represent persistent portions of the primitive

cartilage, whilst it is possible that the supra-sternal ossicles occasionally present may
be also derived from it. In this way, in its most specialised form, a secondary support is

established between the sternum and scapula, which serves as a movable fulcrum, and
greatly enhances the range of movement of the shoulder girdle.

Nutrient Foramina.—The foramina for the larger nutrient vessels, offsets of the transverse

scapular artery, of which there may be one or two directed laterally, are usually found about
the middle of the posterior border, or, it may be^ opening into the floor of the groove for the

subclavius muscle.

Ossification.—The clavicle in man is remarkable in commencing to ossify before any
other bone in the body ; this occurs as early as the fifth or sixth week of fa?tal life.

The shaft is ossified from two primitive centres (Mall). These are preceded by a curved

rod of connective tissue on the interior of which are developed two masses of a peculiar

precartilagiuous nature, one, the stenial, placed medially, lies above and overlaps in

front the acromial mass, which is placed laterally. In each of these near their approxi-

mated ends a centre of ossification appears. These, subsequent to the fusion of the
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two independent precartilaginous masses, coalesce and form a bridge of bone uniting the

two primary ossitic centres. At a later stage cartilage cells appear in the medial

extremity of the sternal pre-

Sternal epiphysis ossifles about Primary centres appear about cartilaginous mass and Still
20th year ; fuses about 25th year 5th or bth week of fatal hfe ? , i t , i i ^

later m the lateral end of

the acromial mass. By the

growth and subsequent ossifi-

cation of the cartilage so

formed the clavicle increases

in length (Fawcett).

A secondary centre ap-

pears at the sternal end about

the age of twenty or later, and fusion rapidly occurring between it and the shaft,

ossification is completed at the age of twenty-five or thereabouts.

The Scapula.

The scapula, or shoulder blade, is of triangular shape and flattened form.

It has two surfaces, costal or ventral, and dorsal. From the latter there springs

a triano-ular process called the spine, which ends laterally in the acromion;

Fig. 188.

—

Ossification of the Clavicle.

Claviculak articular surface

p CORACOID PROCESS

Medial angle

StTPIlA-SPINOUS FOSSA

Vertebral margin

[nfka-spinods fossa

Arterial foramen

'JROMIAL angle

Head. AND glenoid cavity

Neck

Great scapular notch

Groove for circumflex scapular artery

Axillary margin

Inferior anglf.

Fig. 189.

—

The Dorsal Surface of the Right Scapula.

whilst from its superior margin there arises a beak-like projection called the
coracoid process. The bone overlies the postero -lateral aspect of the thoracic
framework, reaching from the second to the seventh rib.
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Long head
OF TRICEPa

Groove for circum-
flex SCAPULAR
ARTERV

The body of the bone, which is thin and translucent; except along its margins
and where the spine s])rings from it, has three margins and three angles. Of these

margins the vertebral (margo vertebralis) is the longest ; it stretches from the

medial angle above to the inferior angle below. Of curved or somewhat irregular

outline, it affords a narrow surface for the insertion of the levator scapuke, rhom-
buideus minor, and rhoml)oideus major muscles.

The superior margin, which is thin and sliarp, is the shortest of the tiiree. It

runs from the medial angle towards the root of the coracoid process, before

reacliing which, however, it is interrupted by the scapular notch, which lies very
close to the medial side of the base of that process. This notch, which is converted
into a foramen by a ligament,

or occasioually by a spicule

of bone, transmits the supra-

scapular nerve, whilst the

transverse scapular artery

runs above it. Attached to

the superior margin, close to

the notch, is the posterior belly

of tlie omo-hyoid. The axillary

margin, so called from its rela-

tion to the hollow of the axilla

(armpit), is much stouter than

either of the others ; it ex-

tends from the lateral angle

above to the inferior angle

below. The upper inch or so

of this border, which lies im-

mediately below the glenoid

articular cavity, is rough and
tubercular (tuberositas infra-

glenoidalis), and affords at-

tachment to the long head of

the triceps. Below this it is

usually crossed by a groove

which marks the position of

the circumflex scapular artery.

The medial angle is sharp

and more or less rectangular
;

the inferior angle is blunter

and more acute ; whilst the

lateral angle corresponds to

that part of the bone which
is sometimes called the head,
and which supports the glenoid cavity and the coracoid process.

The glenoid cavity is a piriform articular area, slightly concave from above down-

wards and from side to side ; its border is but slightly raised above the general surface

and affords attachment in the recent condition to the labrum glenoidale, which helps

to deepen the socket in which the head of the humerus rests. Below, the margin

of the glenoid cavity is confluent with the infra-glenoidal tuberosity, whilst, above,

it blends with a tubercle (tuberositas supraglenoidalis), to which the long head

of the biceps muscle is attached. Springing from the upper part of the head,

in line with the superior margin, is the processus coracoideus (coracoid process).

The base of this is limited laterally by the glenoid edge, whilst medially it

is separated from the superior margin by the scapular notch. Eising upwards
for a short space, it bends on itself at nearly a right angle, and ends in a process

which is directed laterally and slightly forwards, overhanging the glenoid cavity

above and in front. Compressed from above downwards, it has attached to

its upper surface near its angle the conoid ligament, lateral to which there is a rough

area for the trapezoid ligament. Attached to its dorsal border is the coraco-

SCAPULAR SLIP OK LATISSIMUS
DORSI

Fig. 190.

—

The Dorsal Surface of the Right Scapula

WITH the Attachments of the Muscles mapped out.
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acromial ligament, whilst at acromion clavicular articular
• . ,

• ,
-t , ^ .

CORACOID PROCESS
its extremity and towards
the front of its ventral

border, is the combined
origin of the biceps and
coracobrachialis, together

with the insertion of the

pectoralis minor. The col-

luin scapulae (neck) is that

somewhat constricted part

of the bone which supports

the head ; it corresponds in

front and behind to a line

drawn from the scapular

notch to the infra-srlenoidal

tuberosity.

The body of the bone
has two surfaces, a dorsal

(fades dorsalis) and a costal

(fades costalis). The former
is divided into two fossse by
an outstanding process of

triangular form, called the

spina scapulae. The at-

tached border of this crosses

the dorsal surface of the body obliquely in a direction

Coracobrachialis and
short head op

BICEPS Pectoralis minor

Omo-hyoid

Medial angle

Long head
OF triceps

Subscapular fossa

Axillary border

Inferior angle

Fio. 192. -Costal SnRKACE ok the Right Scapula with the
Attachments of Mdscles mapped out.

Fig. 191.

—

The Right Scapula
SEEN from the FRONT. '

laterally and slightly upwards,

extending from the vertebral

border, near the lower limit of its

upper fourth, towards the centre

of the posterior glenoid edge,

from which, however, it is separ-

ated by the great scapular notch,

which here corresponds to the

dorsal aspect of the neck. Within
this notch the transverse scapu-

lar vessels and the supra-scapular

nerve pass to the infra-spinous

fossa. The surfaces of the spine,

which are directed upwards and
downwards, are concave, the upper

entering into the formation of the

supra -spinous fossa, which lies

above it, the lower forming the

upper wall of the infra-spinous

fossa, which lies below it. The
two fossae are in communication
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with each other round the free lateral concave border of the spine, where that

curves over the great scapular notch. The dorsal free border of the spine is

subcutaneous throughout its entire length. Its upper and lower edges are

strongly lipped, and serve— the superior, for the insertion of the trapezius

;

the inferior, for the origin of the deltoid. The intervening surface varies in

width—l)road and triangular wliere it becomes confluent with the vertebral border,

it displays a smooth surface, over which the tendinous fibres of the trapezius play
;

narrowing rapidly, it forms a surface of varying width which blends laterally with

a flattened process, the two forming a compressed plate of bone which arches across

the great scapular notch above and behind, and then curves, upwards, forwards, and
laterally to overhang the glenoid cavity. The medial border of this process is con-

tinuous with the upper margin of the si)ine, and is gently curved. The lateral

border, more curvt?d than the medial, with which it is united in front, is confluent

with the inferior edge of the spine, with which it forms an abrupt bend, termed the

acromial angle. The bone included between these two borders is called the acromion.

Of compressed form, it much resembles the acromial end of the clavicle, with which
it articulates by means of a surface (facias articularls acromii) which is placed on

its medial border near its anterior extremity. The superior surface of the acromion,

which is broad and expanded, is subcutaneous, and is directed upwards and dorsally,

and in the normal position of the bone laterally as well. Its medial edge, where

not in contact with the clavicle, has attached to it the fibres of the trapezius,

whilst its lateral margin affords origin to the central part of the deltoid. At its

anterior extremity it is connected with the coracoid process by means of the coraco-

acromial ligament. Its inferior surface is smooth and overhangs the shoulder-joint.

The supra-spinous fossa, of much less extent than the infra-spinous, is placed

above the spine, the upper surface of which assists in forming its curved floor ; in

it is lodged the supraspinatus muscle. The scapular notch opens into it above,

whilst below and laterally it communicates with the infra-spinous fossa by the

great scapular notch, through which the transverse scapular artery and supra-

scapular nerve pass to reach the infra-spinous fossa.

The infra-spinous fossa, overhung by the spine above, is of triangular form. The
axillary margin of the bone limits it in front, whilst the vertebral margin bounds it

behind ; the greater part of this surface affords origin to the infraspinatus muscle,

excepting a well-defined area which skirts the axillary margin and inferior angle of

the bone, and which affords an attachment to the fibres of origin of the teres minor.

This muscle extends along the dorsal surface of the axillary margin in its superior

two-thirds, reaching nearly as high as the glenoid edge ;
whilst a cresceutic surface,

whicli occupies the inferior third of the axillary border and curves backward round

the dorsal aspect of the inferior angle, furnishes an origin for the teres major

muscle. Here also, near the inferior angle, are occasionally attached some of the

fibres of the latissimus dorsi muscle.

The facies costalis (costal aspect) of the body is hollow from above downwards
and from side to side, the greatest depth being in correspondence with the spring of the

spine from the dorsal surface. Its medial boundary, which is formed by the anterior

lipped edge of the vertebral margin, affords attachment to the fibres of insertion of

the serratus anterior along the greater part of its extent. The area of insertion of

this muscle is, however, considerably increased over the ventral aspects of the

medial and inferior angles respectively. Running down from the head and

neck above to the inferior angle below, there is a stout rounded ridge of bone,

which imparts a fulness to the costal aspect of the axillary margin and increases the.

depth of the costal hollow ; to this, as well as to the floor of the fossa, the sub-

scapularis muscle is attached. The tendinous intersections of this muscle leave

their imprint on this surface of the bone in a series of three or four rough lines

which converge towards the neck.

The scapula of man is characterised by the greater proportionate length of its base

or vertebral margin as compared with lower forms. This proportion is expressed

by what is termed the scapular index (Appendix D). The greater size of the

acromion is also a distinctive feature. The double ossification of the coracoid occurs

only in mammals. It is probable that the centre for the upper and anterior part of the
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Primarj' centre
appears about
2nd m. foetal life,

coracoid process represents the epicoracoid or precoracoid of lower forms, whilst the

subcoracoid centre (metacoracoid) which assists in the formation of the glenoid cavity is the

rednced and vestigial remains of the stout coracoid element met with in Ornithorhynchus,

which articulates with the sternum.

Nutrient Foramina.—Foramina for the passage of nutrient vessels are seen in different parts

of the bone ; the most constant in position is one wliicli opens into the infra-spinous fossa, about an

inch or so from the scapular notch. Others are met with on the upper and under surfaces of the

spine, on the costal aspect near its deepest part, and also around the glenoid margin.

Connexions.—The scapula is not directly connected with the trunk, but articulates with the

lateral end of the clavicle, in union with which it forms the shoulder girdle, supporting the

humerus on its glenoid surface. Placed on the upper and back part of the thorax, it covers the

ribs from the second to the seventh inclusive. Possessed of a wide range of movement, it alters

its position according to the attitude of the limb, rising or falling, being drawn medially or

laterally, or being rotated upon itself according as the arm is moved in various directions. These

changes in position can easily be determined by recognising the altered relations of the subcutaneous

and bony prominences, more especially the former, which include the spine, the acromion, and the

inferior half of the vertebi'al border.

Ossification.—Ossification begins in the body of the cartilaginous scapula about the

end of the second month of foetal life. At birth the head, neck, body, spine, and base of

the coracoid process are well defined ; the vertebral margin, inferior angle, glenoid cavity,

acromion, and coracoid process, are still cartilaginous. The centre for the upper and

anterior part of the coracoid appears in the first year, and fusion, along an oblique line leading

from the upper edge of the glenoid cavity to the conoid tubercle, is complete about the

fifteenth year. A separate centre (subcoracoid), which ultimately includes the superior part

of the glenoid cavity and lateral

part of the coracoid process,

makes its appearance about

the tenth year, and fuses with

the surrounding bone about

sixteen or seventeen. Up till

the age of puberty the ac-

romion remains cartilaginous

;

centres, two or more in num-
ber, then make their appear-

ance, which coalesce and ulti-

mately unite with the spine

about the twenty-fifth year.

Failure of union may, however,

persist throughout life (see

Appendix B—Variations).

Ossification commences in

the cartilage in the inferior

angle about puberty, and in-

dependently and a little later,

along the vertebral margin,

fusion with the body occurring

at from twenty to twenty-five

years.

Small scale-like epiphyses

make their appeai'ance on the

superior surface and at the
extremity of the coracoid, and are completed about the twentieth year. A thin epiphysial

plate develops over the inferior part of the glenoid cavity about sixteen or seventeen, fusion

being complete about eighteen or twenty years of age.

Acromial centres
appear 15-16 yrs.

;

fuse about 25 yrs. "y-

Secondary centre for

coracoid appears
about end 1st yr. ;

fuses about 18 yrs.

\

Appears about
16-17 yrs. ; fuses

about 20 yrs.

Subcoracoid centre
appears 10 yrs. ; fuses

/ 16-17 yrs.

Appears about
17 yrs. ; fuses
about 20 yrs.

Appears about
16 or 17 yrs.

;

fuses 18-20 yrs.

Appears 16-17 yrs.
fuses 20-25 yrs.

Scapula at end of First Year. Scapula about the Age of Puberty.

Fig. 193.

—

Ossification of the Scapula.

The Humerus.
The humerus, or bone of the arm, articulates proximally with the scapula

and distally with the bones of the forearm, namely, the radius and ulna. Its

proximal end comprises the head and greater and lesser tubercles ; its body, which
is longer than any of the other bones of the upper extremity, is cylindrical

proximally and flattened distally. At the distal extremity, which is expanded to

form the epicondyles on either side, it supports the trochlear and capitular articular

surfaces for the ulna and radius respectively.
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Tlie proximal extremity is the thickest and stoutest part of the bone. The
caput humeri (head), which forms about one-third of a spheroid and is covered with

articular cartilaj^'o, is directed proxim-
ally, medially, and slightly dorsally, and
rests in the glenoid cavity of the scapula;

the convexity of its surface is most pro-

nounced in its jjosterior half. Separating

the head from the tubercles laterally is

a shallow groove, which fades away on
the surface of the Ijone which supports

the articular part inferiorly. This is

named the coUum ' anatomicum (anato-

mical neck) and serves for the attachment
of the capsule of the shoulder-joint. The

Supra- Subscapularis

Latissimusidobsi

Pectoralis major

Tkres major

Medial epicondylic
RIDGE (medial margin)

CORONOID FOSSA

Medial
epicondyle

Trochlea

- Deltoid

Coracobrachialis

Brachioradialis

Extensor carpi
radialis lokocs

Extensors
Pronator teres
and flexors

Fig. 194.

—

Antekior Vikw ok thk Right Humerus.

Fig. 195.

—

The Anterior Surfaces
OF THE Humerus with Muscular
Attachments mapped out.

articular edge of the groove opposite the lesser tubercle is usually notched for the

attachment of the superior gleno-humeral ligament. The tuberculum majus (greater
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Head

Anatomical
NECK

Deltoid tukeeosity

tubercle) abuts on the lateral side of the head and becomes continuous with the

body distally. Its proximal surface forms a quadrant, which is subdivided into

three more or less smooth areas of un-
equal size. Of these the upper and an-
terior is for the insertion of the supra-
spinatus luuscle, the middle for the infra-

spinatus, whilst the most distal and
posterior serves for the insertion of the

teres minor muscle. The lateral surface

of this tubercle, which bulges beyond the
line of the shaft, is rough and pierced by
numerous vascular foramina. Anteriorly

the greater tubercle is separated from the
tuberculum minus (lesser tubercle) by a

well-defined furrow, called the sulcus

intertubercularis (intertubercular groove)

(O.T. bicipital groove). The transverse

humeral ligament stretches across the

groove between the two tubercles, thus
converting the groove into a canal in

which the tendon of the long head of

the biceps and the ascending articular

branch of the anterior circumflex artery

of the humerus are lodged. The lesser

tubercle lies in front of the lateral half of

the head ; it forms a pronounced eleva-

tion, which fades into the shaft distally.

The surface of this tubercle is faceted

above and in front for the insertion of

the subscapularis muscle, whilst laterally

it forms the prominent medial lip of the

inter-tubercular groove. Distal to the

head and tubercles the shaft of the bone
rapidly contracts, and is here named the

coUum cbirurgicum (surgical neck) owing
to its liability to fracture at this spot.

The corpus humeri (body, or shaft)

is cylindrical in its proximal half. On it

the inter-tubercular groove may be traced

distally and slightly medially, along its

anterior surface. The edges of the groove,

which are termed its lips, are confluent

proximally with the greater and lesser

tubercles, respectively. Here they are

prominent, and form the cristae tuberculi

majoris et minoris (crests of the greater and
lesser tubercles). Distally the lips of

the intertubercular groove gradually

fade away, the medial more rapidly than
the lateral, which latter may usually be

traced distally to a rough elevation

placed on the lateral anterior surface of

the shaft about its middle, called the

deltoid tuberosity. Into the lateral lip

of the intertubercular groove are in-

serted the fibres of the pectoralis major
tendon ; hence it is sometimes described

as the pectoral ridge. To the floor of the groove the latissimus dorsi is attached

;

whilst the teres major muscle is inserted into the medial lip.

Media I,

EPICONDYLE

Groove Koii

UL.VAR. nekve

Groove ior radial
nerve

Olecranon
KOSSA

Lateral
ei'icondyle

Trochlea

Fio. 19G.—PcsTERiOR Surface ok the Right Humerus.
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Tekrh minor

Triceps (lateral

The tuberositas deltoidea (deltoid tuberosity), to which the powerful deltoid muscle

is attached, is a rough, sliglitly elevated V-shaped surface, placed on the lateral

anterior surface of the body about its middle. The anterior limb of the V is

parallel to the axis of the l»ody, and is continuous proximally with the lateral lip of

the intertubercular groove, whilst the posterior limb of the V winds obliquely

round the lateral anterior surface of the bone towards the posterior surface, where

it becomes continuous with a slightly elevated and
occasionally rough ridge which leads proximally

along the ]»osterior aspect of the bone towards the

greater tubercle ; from this latter ridge the lateral

head of the triceps muscle arises.

The medial anterior surface of the body about

its middle inclines to form a rounded border, on

which there is often a rough linear impression mark-

ing the insertion of the coracobrachialis muscle.

Distal to this the body becomes compressed Irom

before backwards and expanded from side to side,

ending distally on each side in an epicondyle.

Its surfaces are now anterior and posterior, being

separated from each other by two clearly defined

borders, the medial and lateral margins, or epi-

condylic ridges. Of these, the medial is the more
curved and less prominent, and is continuous proxi-

mally with the surface to which the coracobrachialis

is attached, whilst distally it ends by blending with

the medial epicondyle. The lateral is straighter

and more projecting ; its edge is usually distinctly

lipped. Confluent with the lateral epicondyle dis-

tally, it may be traced proximally to near the deltoid

tuberosity, where it turns backwards more or less

parallel to the posterior oblique border of that im-

pression, to be lost on the posterior surface of the

body. The interval between this border and the

deltoid eminence is thus converted into a shallow

oblique furrow, which winds round the lateral

surface of the bone just distal to its middle

;

this constitutes the groove for the radial nerve

along which the radial (O.T. musculo - spinal)

nerve, together with the profunda brachii artery,

passes from the back to reach the front of the arm.

To the epicondylic ridges are attached the inter-

muscular septa, whilst the lateral in its proximal

two-thirds furnishes a surface for the origin of the

brachioradialis muscle, and in its distal third for

the extensor carpi radialis longus muscle.

The anterior surface of the distal half of the

body is of elongated triangular form, the base corre-

sponding to the distal extremity of the bone. Kunning down the centre of this is

a broad, rounded, elevated ridge, most pronounced proximally, where it joins the

deltoid tuberosity, and sloping on either side towards the epicondylic ridges ; it is

into the lateral of these slopes that the groove for the radial nerve passes. Distally

the elevated surface spreads out, and becomes confluent with the epicondyles. The

epicondylus medialis (medial epicondyle) is the more prominent of the two, and

furnishes a surface for the origin of the pronator teres, and the superficial flexor

muscles of the forearm. The epicondylus lateralis (lateral epicondyle), stunted and

but Uttle projecting, serves for the attachment of the common tendon of origin of

the extensor muscles. The brachialis muscle has an extensive origin from the

anterior surface of the distal half of the body, including between its proximal sHps

the insertion of the deltoid.

Origin of
extknsors
of forearm

ONiEUS

Fig. 197.

—

Posterior Surface ok the

Right Humerus with Attachments

OF Muscles mapped out.
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Head ..

Inter tubercular
/ GROOVE

Medial _j

EPI-—

(

CONDYLE "

Lateral
epicondyle

Capitulum

Olecranon fossa Groove for ulnar nerve

Fig. 199.

—

Distal Aspect of the Distal Ex-

tremity OF THE Eight Humerus.

The posterior surface of the distal half of the body is smooth and rounded from
side to side ; somewhat flattened

Lesser tubercle j-j.ii t, j_r, t. t t_ i
distally, where the whole body
tends to incline forwards, it be-

comes continuous on either side

with the posterior surfaces of the

epicondyles, the medial of which
is grooved for the passage of the

ulnar nerve, whilst the lateral

supplies an origin for the an-

conseus muscle. The medial head
of the triceps muscle has an exten-

sive attachment from the posterior

Fig. 198.

—

Proximal Aspect of the Head of the Right surface of the distal two-thirds of
Humerus (with the outline of the distal extremity in relation fj^g bodv medial to and distal to
thereto shown in dotted line). •

,

,

n J_^ t ^

the groove lor the radial nerve.

The distal extremity of the humerus is furnished with two articvilar surfaces

(the condyles proper), the lateral of which,

called the capitulum, for articulation with

the proximal surface of the head of the

radius, is a rounded eminence, placed on

the anterior surface and distal border, but

not extending on to the posterior surface

of the distal end of the bone. Proximal to

it, in front, there is a shallow depression

(fossa radialis), into which the margin of the

head of the radius sinks when the elbow

is strongly flexed. A shallow groove separ-

ates the capitulum medially from the

trochlea, which is a grooved articular surface, with prominent edges winding spirally

round the distal extremity of the body. The
spiral curves from behind forwards and medially,

and its axis is slightly oblique to the long axis of

the shaft. The medial hp is the more salient

of the two, and forms a sharp and well-defined

margin to the articular area ; its cartilage-covered

surface is slightly convex. Thelateral lip, much less

prominent, is rounded off into the articular groove

which separates it from the capitulum, posterior to

which, however, it is carried up as a more or less

definite crest. It is by means of the trochlea that the

humerus articulates with the semilunar notch of the

ulna. On the anterior surface of the bone, imme-
diately proximal to the trochlea, is a depression

—

the fossa coronoidea (coronoid fossa)—into which the

coronoid process of the ulna slips in flexion of the

joint, whilst in a corresponding position on the

posterior aspect of the distal end of the body there

is a hollow, called the fossa olecrani (olecranon

fossa), just proximal to the trochlea posteriorly.

Into this the olecranon process sinks when the

elbow is extended. The two fossae are separated

by a thin translucent layer of bone which may be

deficient, thus leading to the formation of a

The Distal End of the foramen between the two hollows in the macerated
SEEN from the

]^q^q Thc autcrlor part of thc capsulc of thc clbow-

joint is attached to the proximal margins of the

radial and coronoid fossae in front, whilst the posterior ligament is connected with

the proximal border and lateral edges of the olecranon fossa behind. The strong

Lateral epicondylic
RIDGE (lateral margin)

Lateral
epicondyle

Capitulum

Radial
collateral
ligament

Trochlea

Fig. 200.

Right Humerus
Lateral Sidi
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ulnar and radial collateral ligaments of the elbow joint are attached proximally to

the medial and lateral epicondyles respectively. The proportionate length of the

humerus to the Ixxly height is as 1 is to 4-93-5*25.

Nutrient foramina are usually to be seen, one at or near the surface for the insertion of the

coraco-lirachialis, the other usually close to the jiosterior border of the deltoid tuberosity ; both

have a distnl direction. Numerous vascular foramina are scattered along the line oi the anatomical

neck, the larger ones being situated near the ])roximal end of the inter-tubercular groove. The
vascidarity of the bone is here intimately associated with the activity of its growth in this situation.

Connexions.—The humerus articulates proximally with the scapula, and distally with the

radius and ulna. Embedded, as the humerus is, in the substance of the arm, its body and head

are surrounded on all sides. It is only at its distal ])art that it comes into direct relation with

the surface, the medial epicondyle forming a characteristic projection on the medial side of the

elbow ; whilst the lateral epicondyle, less prominent, and the lateral epicondylic ridge can

best be recognised when the elbow is bent.

At birth. About 5 years. About 12 years.

Fig. 201.

—

Ossification of the Humerus.

About 16 years.

8. Centre for lesser tubercle fuses with otlier centres

about 7 years.

9. Appears about 11 or 12 years.

10. Distal epiphysis fuses with shaft about 16 to 17 years.

11. Proximal epiphysis fuses with shaft about 25 years.

12. Fuses with shaft about 17 to 18 years.

1. Appears early in 2iul month of fcetal life.

2. For jjieater tubercle, appears 2 to 3 years.

3. For lieaj, appears within first 6 months after birth.

4. For medial epicondyle, apjie^rs about 5 years.

5. For capituluin, appears 2 to 3 years.

6. Appears about 12 years.

7. Centres for head and ^'reater tubercle coalesce about
years.

Sexual differences.—Dwight (American Journ. of Anat. vol. iv. 1904) has shown that the

head of the humerus in the female is proportionately smaller than that of the male.

Ossification.—At birth the body of the humerus is usually the only part of the

bone ossified, if we except the occasional presence (22 per cent.) of an ossific centre in the

head. (H. R. Spencer, Journ. Anat. and Physiol, vol. xxv. p. 552.) The centre for the

body makes its appearance early in the second month of intra-uterine life. Within the

first six months after birth a centre usually appears for the head ; this is succeeded by

one for the greater tubercle during the second or third year. These soon coalesce ;
and

a third centre for the lesser tubercle begins to appear about the end of the third year,

or may be delayed till the fourth or fifth year. These three centres are all blended by

the seventh year, and form an epiphysis, which ultimately unites with the body about

the age of twenty-five. It may be noticed that the proximal end of the diaphysis is

conical and pointed in the centre, over which the epiphysis fits as a cap, an arrangement

which thus tends to prevent its displacement before union has occurred. The first centre

to appear in the distal extremity is that for the capitulum about the second or third

year. This extends medially, and forms the lateral half of the troclilear surface, the

centre for the medial half not making its appearance till the eleventh or twelfth year.

14
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Olecranon

Separate centres are developed in connexion with the epicondyles ; that for the lateral

appears about the twelfth year, and, rapidly coalescing with the centres for the capitulum
and trochlea, forms an epiphysis, which unites with the body about the sixteenth or

seventeenth year. The centre for the medial epicondyle
appears about the fifth year ; it forms a separate epi-

physis, which unites with the body about eighteen or

nineteen. These two epiphyses at the distal end of

the bone are separated by a down-growth of the

shaft, which lies between the medial epicondyle and
the trochlea, and forms part of the base and medial
side of the latter j)rocess.

The epicondylic process when present is developed

from the diaphysis, and has been observed to be
already well ossified by the third year. (" Proc. Anat.

Soc." Journ. Anat. and Physiol. 1898.)
Tuberosity

Incisura semilunaris

CORONOID process

Bicipital hollow The Ulna.

Posterior border

-Interosseous border

Of the two bones of the forearm, the ulna,

which is placed medially, is the longer. It con-

sists of a large proximal extremity supporting

the olecranon and the coronoid process ; a body
or shaft tapering distally; and a small rounded
distal end called the head.

Proximal Extremity.

—

The olecranon lies in

line with the body. Its dorsal surface, more or

less triangular in form, is smooth and subcutane-

ous and covered by a bursa. Its proximal aspect,

which forms with the posterior surface a nearly

rectangular projection—the tip of the elbow—
furnishes a surface for the insertion of the tendon
of the triceps brachii muscle, together with a

smooth area which is overlain by the same
tendon, but separated from it by a bursal sac.

To the volar (anterior) crescentic border of this

process are attached the jfibres of the posterior part

of the capsule and a portion of the ulnar collateral

ligament of the elbow-joint. The volar (anterior)

surface is articular, and enters into the formation

of the semilunar notch.

The processus coronoideus (coronoid process) is

a bracket-Hke process, which juts forwards from
the volar and proximal part of the shaft, and is

fused with the olecranon proximally. By its

proximal surface it enters into the formation of

the semilunar notch, whilst its volar aspect,

which is separated from its proximal side by a

sharp irregular margin, slopes distally and
dorsally to become confluent with the volar

/); , W surface of the body. Of triangular shape, this
"^ Tj..., area, which is rough' and tubercular, terminates

inferiorly in an oval elevated tubercle (tuberositas

ulnae), into which the tendon of the brachialis

muscle is inserted. Of the lateral margins of

the coronoid process, the medial is^ usually the

better defined. Proximally, where it joins the

proximal border, there is generallya salient tubercle,

to which one of the heads of origin of the flexor digi-

torum sublimis muscle is attached, whilst distal to this point the medial border

furnishes origins for the pronator teres, and occasionally for the flexor pollicis

Articular circum-
ference FOR radius

Groove for ext. carpi
ulnaris

Styloid process

Fig. 202.

—

The Right Ulna as viewed
FROM THE Lateral Side.
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Olkcranon

INCISUBA SEiirLUNARIS

CORONOID PROCESS

HeAD'

Interosseous
(REST

longus muscles, from above downwards. The smooth medial surface of the

coroaoid process merges with the olecranon dorsally, and with the medial surface

of the body distally.

The incisura semilunaris (O.T.

greater sigmoid cavity), for articulation

with the trochlea of the luimerus, is a

semicircular notch, the proximal part of

which is formed by the volar surface of

the olecranon, whilst distally it is com-
pleted by the proximal surface of the

coronoid process. Constricted towards

its deepest part by the notching of

its borders, the articular surface is

occasionally crossed by a narrow im-

pression which serves to define the ole-

cranon proximally from the coronoid

distally. The articular area is divided

into a medial portion, slightly con-

cave transversely, and a lateral part,

transversely convex to a slight degree,

by a longitudinal smooth ridge which
extends from the most prominent part

of the border of the olecranon proxim-
ally to the most outstanding point

of the coronoid process distally. The
margins of the semilunar notch are

sharp and well defined, and serve, with
the exception of the area occupied by
the radial notch, for the attachment of

the capsule of the elbow-joint.

The radial notch(O.T. lesser sigmoid

cavity), placed on the radial side of

the coronoid process, is an oblong
articular surface for the reception of

the head of the radius. It encroaches

on the distal and lateral part of the

semilunar notch, so as to narrow it

considerably. Separated from it by
a rectangular curved edge, it displays

a surface which is plane proximo-
distally, and concave from before

backwards. Its volar extremity is

narrower and more pointed than its

dorsal, and becomes coniiuent with
the anterior edge of the coronoid pro-

cess, at which point the annular liga-

ment, which retains the head of the
radius in position, is attached in front.

Its dorsal border, wider and more out-

standing, lies in line, and is continuous
with the interosseous margin of the
shaft. Dorsal to this border, the annu-
lar ligament is attached posteriorly.

The body of the ulna (corpus ulnae),

which is nearly straight, or but slightly

curved, is stout and thick proximally,
gradually tapering towards its distal extremity. It may be divided into tliree

surfaces, a volar (O.T. anterior), a dorsal or posterior, and a medial, by three
well-defined borders, an interosseous crest, a dorsal margin, which latter is

Tuberosity

Bicipital hollow

Interosseous
BORDER

OR CREST

Fig. 203.

Styloid
process

-The Right Radius and Ulna seen
FROM THE Volar Aspect.
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Flexor DiGiTORDMSuBLiMis ^'^mmK
Pronator teres \^\ ^^"

Brachialis "v
'\

Flexor pollicis longus ~\

Biceps

subcutaneous throughout its whole length, and a volar margin (O.T. anterior

border).

The crista interossea (interosseous crest) is crisp and sharp in the proximal

three-fourths of the body, but becomes faint and ill-defined in the distal

fourth. To this, with the exception only of the part which forms the dorsal

boundary of the hollow in which the tuberosity of the radius is disposed when
the two bones are articulated, is attached the interosseous membrane which
connects the two bones of the forearm. The dorsal margin^ of sinuous out-

line, curving laterally above, and shghtly medially below, is continuous proxim-
ally with the triangular subcutaneous area on
the back of the olecranon, being formed by the

confluence of the borders which bound that sur-

face ; well marked above, it becomes faint and more
rounded below, but may he traced distally to the

dorsal surface of the base of the styloid process. To
this border is attached an aponeurosis common to

the flexor carpi ulnaris, extensor carpi ulnaris, and
flexor digitorum profundus muscles. A nateworthy
feature in connexion with this part of the body is

the fact that it is subcutaneous, and can easily be

felt beneath the skin throughout its whole length.

The volar or anterior surface corresponds to

the front and medial side of the body. It is

described as consisting of two surfaces, a volar

and a medial, which are separated by a rounded
volar margin, which extends from the tuber-

osity proximally towards the styloid process

distally. The prominence of this ridge varies

in different bones, being well marked in bones

of a pronounced type, but corresponding merely

to the rounding of the surfaces in poorly

developed specimens. The volar aspect of the

bone affords an extensive origin to the flexor

digitorum profundus muscle, which clothes ' its

volar and medial surfaces in its proximal three-

fourths, reaching as far hack as the dorsal border,

and extending proximally as high as the medial

side of the olecranon process. Immediately distal to

the radial notch there is a hollow triangular area,

limited dorsally by the proximal part of the inter-

osseous crest, and defined in front by an obhque
line which extends distally and backwards
from the lateral margin of the coronoid process.

In this hollow the tuberosity of the radius rests

when the forearm is in the prone position, and
to its floor are attached the fibres of origin of

the supinator muscle. The distal fourth of the

Fio. 204.—Volar Aspect of Bones of body is crossed by the fibres of the pronator quad-
THE Right Foreakm with Muscular j^tus muscle, which derives its ori^dn from a
Attachments MAPPED OUT. i n i c j i. i,- i, „• j„more or less well- denned crest, which wmds

spirally distally and backwards towards the volar surface of the root of the styloid

process, and is continuous proximally with the volar margin.

The dorsal surface of the body lies between the dorsal margin and the in-

terosseous crest. At its proximal part it is jjlaced behind the semilunar and
radial notches, extending on to the lateral side of the olecranon* Here an area

corresponding to the proximal third of the length of the bone is marked off dis-

tally by an oblique ridge which leaves the interosseous crest about an inch or

more distal to the dorsal edge of the radial notch. Into this somewhat
triangular surface the fibres of the auconseus are inserted. Distal to this the
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posterior surface is Hubdivided by a I'aint longitudiiiid ridge, the boue betwee
vvhicli and the interosseous crest furnishes origins for the abductor pollicis longus,

extensor pollicis longus, and extensor indicis jaoprius muscles, in order proximo-
distuUy. The surface of bone between the dorsal margin and the afore-mentioned
longitudinal line is smooth and overlain by the extensor carpi ulnaris muscle, which,
however, does not arise from it.

The distal extremity of the ulna presents a rounded head (capitulum ulnae),

from which, on its medial and dorsal aspect, there projects distally a cylindrical

pointed process called the styloid process. To the extremity of this latter is attached
the ulnar collateral ligament of the carpus, whilst on the volar aspect it has

connected with it the antero-meilial portion of the capsule of the wrist-joint. The
antero-lateral half of the circumference of the head is furnished with a smooth
narrow convex articular surface, which fits into the ulnar notch of the radius.

Its distal surface. Hat and semilunar in shape, and separated from the root of

the styloid process by a well-marked groove, rests on the upper surface of the

triangular articular disc of the wrist, the ajiex of which is attached to the groove
just mentioned. The margins of the head, to the volar side and dorsal to the
radial articular surface, have attached to them the volar and dorsal distal radio-

ulnar ligaments. The dorsal and medial surface of the styloid process is channelled
by a groove which separates it from the dorsal surface of the head, and extends
proximally some little way upon the dorsal surface of the distal end of the body.

In this is lodged the tendon of the extensor carpi ulnaris muscle. The pro-

portionate length of the ulna to the body height is as 1 is to 6'26-6-66.

Nutrient Foramina.—A foramen, having a proximal direction, for the nutrient artery of the
body opens on tlie volar surface of the bone from two to three inches distal to the tuberosity.

Vascular canals of large size are seen i^roximal and dorsal to the radial notch, just dorsal to

the notched lateral bortler of the semilunar notch. At the distal end of the bone similar openings
are seen in the groove between the styloid process and the distal articular surface of the head.

Connexions.—The ulna articulates proximally with the trochlea of the humerus. On the
lateral side it is in contact with tlie radius at bolli proximal and distal ends, the proximal radio-

ulnar articulation being formed by the head of the radius and the radial notch of the idna, the
distal radio-ulnar joint comprising the head of the ulna, which tits into the ulnar notch of the
radius. Between these two joints the bodies of the bones are united by the interosseous membrane.
The distal surface of the head of the ulna does not articulate witli the carpus, but rests on
the j)roximal surface of the interposed articular disc. The ulna is superficial throughout
its entire extent. Proximally the olecranon

process can be readily recognised, particularly

when the elbow is bent, as in this position the

olecranon is withdrawn from tlie olecranon

fossa of the humerus in which it rests when the

joint is extended. Distal to this the subcutane-

ous triangular area on the back of the olecranon

can be easily determined, and from it the

posterior border of the bone can readily be
traced along the line of the " ulnar furrow "

to the styloid process. With the hand
supine this latter process can be felt to the <^

medial side and slightly behind the wrist.

When the hand is 2)ronated, the distal end
of the radius rolls round the distal extremity
of the ulna, and the antero-lateral surface of

the head of the latter bone now forms a well-

marked projection on the dorsum of the wrist

in line with the cleft between the little and
ring fingers.

Ossification.—The ulna is ossified

from one primary and two or more secondary
centi'es. The centre for the body appears

early in the second month of fa!tal life. At
birth the body and a considerable part

of the proximal extremity, including the

coronoid process, are ossified, as well as part

of the distal extremity. The olecranon and

the distal surface of the head and the styloid process are cartilaginous. About ten

years of age a secondary centre appears in the cartilage at the proximal end of the bone, and

Fuses with shaft about 16 years

Appears about 10 years

Appears about C years

Fuses with shaft 20-23 years

\t Birth. About 12 years. About 16 years.

Fio. 205.

—

The Ossification of the Ulna.
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Subcutaneous
SURFACE

Neck

Interosseous
CREST

forms an epiphysis which unites with the body about sixteen. In this connexion Fawcett
(Proc. Anat. Soc. Great Britain and Ireland, 1904, p. xxvii) has described the occurrence

Olecranon of two ossific Centres in the

olecranon. One, the more
volar, the "beak centre," enters

into the formation of the

proximal end of the articu-

lar surface of the semilunar

notch, the other centre, not
in any way forming it. A
scale-like centre appears in the

cartilage of the head about
the sixth year, from which the

distal surface of that part of

the bone is developed, and by
the extension of which the

Tuberosity
, i • i ^ r^ ^

styloid process is also ossined
;

this epiphysis does not unite

with the shaft till the twen-

tieth or twenty -third year.

Independent centres for the

styloid process and for the

extreme edge of the olecranon

have also been described. The
student may here be warned
that the epiphysial line be-

PosTERioR tween the shaft and proximal
OBLIQUE LINE Or olecrauou epiphysis does

not correspond to the con-

stricted part of the semilunar

notch, but lies considerably

proximal to it.

The Radius.

The radius, or lateral

bone of the forearm, is

shorter than the ulna, with

which it is united on the

medial side. Proximally it

articulates with the hum-
erus, and distallyit supports

the carpus. It consists of

a head, a neck, a tuberosity,

a body, and an expanded

distal extremity. The body

is narrowproximally, but in-

creases in all its diameters

distally.

Proximal Extremity.

—The capitulum (head) is

disc-shaped and provided

with a shallow concave sur-

face (fovea capituli radii)

proximally for articulation

with the capitulum of the

humerus. The circumfer-

ence of the head (circum-

ferentia articularis) issmooth
and is embraced by the annular ligament. On the medial side it is usually much
broader, and displays an articular surface, plane in the proximo-distal direction.

Heai)

.STYI.Oro PROCRKS

Ext. poll, brevis

Ext. carpi rad.

longus

Ext. carpi rad.

brevis

Ext. poll,

long.

Styloid processGroove for ext. Ext. dig. commiin.
carpi ulnaris and ext. indicia proprius

Fio. 206.

—

The Right Radius and Ulna sekn from the Dorsal
Aspect
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which rolls within the mdial notch of the ulna in the movements of pronation

and supination. The character of the lateral half of the circumference differs from

the medial, in bein^ narrower, and rounded proximo-distally.

The coUum radii (neck) is the constricted part of the body which supports the

head, the overhang of the latter being greatest towards the lateral and dorsal side.

Distal to the neck, on the medial side, there is an outstanding oval prominence,

the tuberositas radii (radial tuberosity). The dorsal part of this is rough for

the insertion of the biceps tendon, whilst the volar

half is smooth anil covered by a bursa which inter-

venes between it and the tendon.

The body (corpus radii), which has a lateral

curve and is narrow proximally and broad distally,

is wedge-shaped on section. The edge of the wedge
forms the sliarp medial interos.seous crest of the bone

(crista interossea), whilst its base corresponds to the

thick and rounded lateral border over which the

volar or anterior surface becomes confluent with the

dorsal or posterior surface.

The interosseous crest, faint proximally where it

lies in line with the dorsal margin of the tuber-

osity, becomes sharp and prominent in the middle

third of the bone. Distal to this it splits into two
faint lines, which lead to either side of the ulnar

notch on the distal end of the bone, thus includ-

ing between them a narrow triangular area into which
the deeper fibres of the pronator quadratus muscle

are inserted. To this crest, as well as to the

dorsal of the two divergent Hnes, the interosseous

membrane is attached.

The' lateral surface (once described as the

lateral border) is thick and rounded proximally,

but becomes thinner and more prominent distally,

where it merges with the base of the styloid

process. About its middle the anterior and posterior

oblique lines become confluent with it, and here,

placed between them, is a rough elongated impres-

sion which marks the insertion of the pronator teres

muscle. Proximal to this, and on the
Radial EXTENSORS

lateral surface of the neck, the

supinator muscle is inserted, whilst

distally this surfadfe is overlain by
the tendons of the brachio-radiahs

and the extensor carpi radialis.longus

and brevis muscles.

The volar or anterior surface

(facias volaris) is crossed obliquely

by a line which runs from the

tuberosity distally and laterally

towards the middle of the lateral

surface of the body. This, often called the anterior oblique line, serves for the attach-

ment of the radial head of origin of the flexor digitorum sublimis muscle. Proximalo o
to it, the volar aspect of the bone has the fibres of the supinator muscle inserted

into it, whilst distal and medial to it, extending as far as the distal limit

of the middle third of the bone, is an extensive surface for the origin of the

flexor poUicisJongus muscle. In the distal fourth of the bone, where the volar

aspect of tlie body is broad and flat, there is a surface for the insertion of the
pronator quadratus muscle, which also extends dorsally to the interosseous ridge.

The dorsal or posterior surface (facies dorsalis) is also crossed by an
oblique line, less distinct than the anterior. This serves to define the proximal

ABDrCTOR POLLICIS
IX)NGUS AND EXTENSOR
POLLICIS BREVIS

Extensor digitorcm commcnsi
AND extensor INDICIS PROPRIUS ^

Extensor pollicis lonous

Fig. 207.

—

Dorsal Aspect of Bones of Right Fore-
arm WITH Attachments of Muscles mapped out.
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limit of the origin of the abductor pollicis longus muscle. Proximal to this, the

dorsal aspect of the neck and proximal part of the body is overlain by the fibres

of the supinator muscle which become attached to this surface of the bone in its

lateral half. Distal to the posterior oblique line the dorsal surface in the proximal
.

part of its medial half gives origin to the abductor pollicis longus and the extensor

pollicis brevis muscles, in that order proximo-distally.

The distal extremity, which tends to be turned slightly forwards, has

a somewhat triangular form. Its distal carpal articular surface, concave from

before backwards, and slightly so from side to side, is divided into two facets

by a slight antero- posterior ridge, best marked at its extremities where the

volar and dorsal margins are notched ; the lateral of these areas, of triangular

shape, is for articulation with the navicular, whilst the medial, quadrilateral in

form, is for the os lunatum. The volar border, prominent and turned forwards,

is rough at its edge, where it serves for the attachment of the volar part of the

capsule of the wrist-joint. The dorsal border is rough, rounded, and tubercular,

and is grooved by many tendons ; of these grooves the best marked is one which passes

obliquely across its dorsal surface. This is for the tendon of the extensor pollicis

longus muscle. The lateral lip of this groove is often very prominent, and forms

an outstanding tubercle. To the medial side of this oblique groove there is a broad

shallow furrow in which the tendons of the extensor digitorum communis and
extensor indicis proprius muscles are lodged, whilst to its lateral side, and between

it and the styloid process, there is another broad groove, subdivided by a faint

ridge into two, for the passage of the tendons of the extensor carpi radialis brevis

medially and the extensor carpi radialis longus laterally. The styloid process

lies to the lateral side of the distal extremity; broad at its ^ base, it becomes

narrow and pointed distally where by its medial cartilage -covered surface

it forms the summit of the distal triangular articular area. The lateral surface

of this process is crossed obliquely distally and forwards .by a shallow groove,

the volar lip of which is sharp and well marked, and serves to separate it

from the volar surface of the bone, whilst the dorsal lip is often emphasised

by a small tubercle above. The tendon of the brachio-radialis muscle is inserted

into the proximal parts of both lips, and also spreads out on to the floor of the groove,

whilst the tendons of the abductor pollicis longus and the extensor pollicis brevis

muscles lie within the groove. To the tip of the styloid process is attached the

radial collateral ligament of the wrist. On the medial side of the distal extremity

is placed the incisura ulnaris (ulnar notch) for the reception of the head of the

ulna. Concave from before backwards, and plane proximo-distally, it forms

by its inferior margin a rectangular edge which separates it from the distal

carpal surface. To this edge the base of the articular disc is attached, a

structure which serves to separate the distal articular surface of the head of

the ulna from tl«e carpus. The volar and dorsal edges of the ulnar notch, more
or less prominent, serve for the attachment of ligaments.

The proportionate length of the radius to the body height is as 1 is to 6"70-7'll.

Nutrient Foramina.—The openings of several small nutrient canals may be seen in the

region of the neck. That for the body, which has a proximal direction, is usually placed on the

volar .surface of the bone, medial to the anterior oblique line, and from an inch and a half to

two inches distal to the tuberosity. The dorsal surface of the distal extremity of the bone is

pierced by many small vascular foramina.

Connexions.— The radius articulates with the capitulum of the humerus in the flexed

position of the elbow, with the ulna to its medial side by the proximal and distal radio-ulnar

joints, and with the navicular and lunate bones of the carpus distally. Proximally, the head of

the bone can be felt in the intermuscular depression on the lateral side of the back of the elbow ; here

the bone is only covered Vjy the skin, superficial fascia, and the thin common tendinous origin of

the exten.sor muscles, as well as the ligaments which support it. Its position can best be ascer-

tained Vjy pronating and supinating the bones of the forearm, when the head will be felt rotating

beneath the finger. The distal end of the bone is overlain on the volar and dorsal aspects by the

flexor and extensor tendons, but its general form can be readily made out. The styloid process

lying to the lateral side of the wrist in line with the extended thumb can easily be recognised
;

note that it reaches a more distal level than the corresponding process of the ulna. The lateral

border of the lower third of the body can be distinctly felt, as here the bone is only overlain by
tendons.

Ossification.—The centre for the body makes its appearance early in the second
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Z 2 Appears
^ o about -5-7

li years

Fuses witli shaft 18-20 yearsi

Appears about
2-3 years

Unites with shaa 20-25 years

At Birth. About 12 years. About 16 years,

Fig. 20S.

—

The Ossification of the Radios.

epiphysis capping the summit of the

tuberosity has been described ; this ap-

pears about the fourteenth or fifteenth

year, and rapidly fuses

with that process.

I. Metacarpal

month of intru-uterine Hfe. At birtli the

body is well formed; its proximal and distal

extremities are capped with cartilage, and
the tuberosity is beginning to appear. A
secondary centrd appears in the cartilage

of the distal extremity about the second or

third year ; this does not unite with the

body until the twentieth or twenty-fifth,

year, somewhat earlier in the female. From
this the carpal and ulnar articular surfaces

are formed. The centre for the head
appears from the fifth to the seventh year,

and fuses with the neck about the age of

eighteen or twenty. It forms the capitular

articular surface and combines with the neck

to form the area for articulation with the

radial notch of the ulna. A scale-like

Os HAMATUM

Os TRICJUETRDM

PiSIKORM

THE BONES OF
THE HAND.

Sesamoid bones
.— V. Metacarpal

The bones of the hand,

twenty -seven in number, may
be conveniently divided into

three groups :

—

(1) The bones of the wrist or

carpus

—

eight in number.

(2) The bones of the palm or

metacarpus

—

-Jive in number.

(3) The bones of the fingers

and thumb or phalanges

—

-fo^ir-

teen in number.

The Carpus.

The ossa carpi (carpal bones)

are arranged in two rows : the

first, or proximal row, comprises

from radial to ulnar side, the navi-

cular (O.T. scaphoid), os lunatum
(O.T. semi-lunar), os triquetrum

(O.T. cimeiform), and os pisifonne

or pisiform ; the second or distal

row includes the greater mult-

angular (O.T. trapeziimi), lesser

multangular [O.T. trapezoid), os

capitatum (O.T. os magnum), and
Fig. 209. -The Bones of the Right Wrist and Hand

seen from the volar aspect.
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Os CAPITATUM
Lesser multangular

Navicular

Abductok pollicis brevis /
Greater multangular (\ry-

Opponexs pollicis V
Abductor pollicis long us

Flexor carpi radialis

M.I.

Adductor/ Oblique head
pollicis \ Transverse head

Os lunatum

Os HAMATUM
Os TRIQUETRUM
Flexor carpi ulnaris
Pisiform

Abductor dioiti quinti

Flexor digiti quinti
brevis

Flexor carpi ulnaris

Opponens digiti
quinti

Volar
interossei

Fro. 210.—Volar Aspect op Bones of the Right Carpus
AND Metacarpus with Muscular Attachments mapped out.

OS hamatuin (O.T. unciform). Irregularly six-sided, each of these bones possesses

non-articular volar and dorsal surfaces. In addition, the marginal bones are non-
articular along their ulnar and radial aspects according as they form the medial or

lateral members of the fjeries.

Os Navicuiare(O.T. Scaphoid).—The navicular is the largest and the most lateral

bone of the first rovr.

Its volar surface,

rough for the attach-

ment of ligaments, is

irregularly triangu-

lar. The distal
angle on the lateral

side forms a projec-

tion called the tuber-

osity; this can be

felt at the base of

the root of the thumb.
Its ;proximal surface

is convex from side to side and
before backvv^ards for articula-

tion v^ith the radius. This area

extends considerably over the

dorsal surface of the bone.

Its distal surface is convex
from before backwards, and ex-

tends on to the dorsal aspect of

the bone, slightly convex from
side to side ; it is divisible into two areas, the lateral for articulation with the greater

multangular, the medial for the lesser multangular. The lateral surface is narrow
and rounded and forms a non-articular border, which extends from the radial articular

surface proximally to the tuberosity distally. The medial surface is hollowed out in

front for articulation with the head of the capitate bone. Proximal to this it displays

a small semilunar-
shaped facet for the os

lunatum. The dorsal

non - articular surface

lies between the lateral

articular surface proxi-

mally and the surface for Extensor carpi

4.U i. 11 ulnaris
the greater and lesser

multangular bones dis-

tally. It is obUquely
grooved for the attach-

ment of the dorsal liga-

ments of the wrist. The
navicular articulates

with five bones— the

radius, the os lunatum,
the capitate, the lesser

multangular, and the

greater multangular.

Os Lunatum (O.T.

Semilunar Bone).— So
called from its deeply

excavated form, the os lunatum lies between the navicular on the lateral side and
the OS triquetrum on the medial. Its volar surface, of rhombic form and consider-
able size, is rough for the attachment of ligaments ; its 'proximal surface, convex from
side to side and from before backwards, articulates with the radius and in part
with the distal surface of the articular disc of the wrist. Its distal aspect, deeply

Os triquetrum
Pisiform

Os lunatum
Os capitatum

Navicular

Os HAMATUM
E\TENSOR carpi RADIALIS BREVIS

ll sser multangular
Greater multangular
Extensor carpi radialis longus

Abductor pollicis longus

Fig. 211.

—

Dorsal Aspect of Bones of the Right Carpus and
Metacarpus with Muscular Attachments mapped out.
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Os CAPITATUM

Os LUNATUM

Os TKIQUETRUM

Pisiform

Metacarpal

hollowed from before backwards,- is divided into two articular areas, of which
the lateral is the larger ; tliis is for the head of the capitate bone ; the medial,
narrow from side to side, articulates with the os hamatum. Its lateral surface,
crescentic in shape, serves for articulation with the navicular, and also for the
attachment of the interosseous ligaments whicli connect it with that bone. Its
medial surface, of quadrilateral form, is cartilage-covered for articulation with the
08 triquetrum, and the edge which separates this from the proximal surface has
attached to it the interosseous ligament which unites these two bones. The
rough dorsal non-articular surface is much smaller than the volar; by this
means the volar and dorsal sur-

faces of the bone can readily be

determined. The os lunatum
articulates with live bones—the

navicular, the radius, the os

triquetrum, the os hamatum,
and the capitate bone.

Os Triquetrum (O.T.Cunei-
form).— This bone may be

recognised by the small oval

or circular facet on its volar

surface for the pisiform. This

is placed towards the distal part

of the volar surface, which
is elsewhere rough for liga-

ments. The bone is placed

obliquely, so that its surfaces

cannot be accurately described

as distal, proximal, etc. ; but for

convenience of description, the

method already adopted is ad-

hered to. The 'proximal surface

has a convex rhombic area

for articulation with the distal

surface of the articular disc

in adduction of the hand,

though ordinarily it does not

appear to be in contact with

that structure. To the medial

side of this it is rough for liga-

ments. The distal surface is

elongated and concavo-convex
from radial to ulnar side ; here

the bone articulates with the os

hamatum. The lateral surface,

broader in front than behind,

articulates with the os lunatum.
The medial swr/«cf, rounded and
rough, is confluent proximally

and dorsally with the proximal
and dorsal aspects of the bone. The dorsal surface, rounded and smooth laterally,

is ridged and grooved medially for the attachment of ligaments. The os triquetrum'
articulates with three bones, viz., the pisiform, the os hamatum, and the os lunatum.

Os Pisiforme.—About the size and shape of a large pea, the pisiform bone
rests on the volar surface of the os triquetrum, with which it articulates by
an oval or circular facet on its dorsal aspect. The rounded mass of the rest of
the bone is non-articular, and inclines distally and laterally so as to overhang
the articular facet in front and laterally. The mass of the bone is usually
separated from the articular surface by a small but distinct groove. Into the
summit of the bone the tendon of the flexor carpi ulnaris^muscle is inserted, and

Third
OR

VXOUAL
PHALANX

Fig. 212.- -The Bones of the Right Wkist and Hand
sekn from the dorsal asi'ect.
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Radius

Os lunatum

Fig. 213.

—

The Right Navicular Bone.

Note.—The bone is represented in the centre of the figure

in the position which it occupies in the right hand viewed
from the volar aspect. The views on either side, and above
aud below, represent respectively the corresponding surfaces

of the bone turned towards the reader.

here also the transverse carpal ligament is attached. The ulnar artery and nerve
are in immediate relation with the lateral side of the bone.

Os Multangulum Majus (O.T.

Trapezium).—The greater mult-
Capitiite^JHd %\ ^ _ angular is the most lateral bone of

the distal row of the carpus. It

may be readily recognised by the
oval saddle-shaped facet on its

distal surface for articulation with
the metacarpal bone of the thumb.
From its volar aspect there rises a

prominent ridge, medial to which is

a groove along which the tendon
of the flexor carpi radialis muscle
passes. The ridge furnishes an
attachment for the transverse

carpal ligament, as well as for some
of the short muscles of the thumb.
The proximal surface has a half-

oval facet for the navicular, lateral

to which it is rough, and becomes
continuous with the non-articular

lateral aspect, which serves for

the attachment of ligaments. On
its medial surface there are two
facets ; the proximal is a half-oval,

concave proximo-distally, and very slightly convex from volar to dorsal side, and
is for articulation with the lesser multangular ; the distal, small and circular,

and not always present, is for articulation with the lateral side of the base of the

second metacarpal bone. The
dorsal surface, of irregular

outline, is rough for the attach-

ment of ligaments. The greater

multangular articulates with
four bones, the navicular, lesser

multangular, and the first and
second metacarpal bones.

Os Multangulum Minus
(O.T. Trapezoid Bone).—With
the exception of the pisiform,

the lesser multangular is the

smallest of the carpal bones.

Its rough volar surface is small

and pentagonal in outline.

By a small oblong area on its

proximal surface it articulates

with the navicular. Distally,

by a somewhat saddle-shaped

surface, it articulates with the

base of the second metacarpal.

Separated from this by a rough note.—The bone is represented in the centre of the figure in the

V-shaped impression prolonged position which it occupies in the right hand viewed from the

from its volar aSDCCt is the volar aspect. The views on either side, and above and below,

. , , , y \ ''

„ represent respectively the corresponding surfaces of the bone
area on the lateral surface for turned towards the reader.

articulation with the greater

multangular ; this is obliquely grooved from before backwards and distally. The
medial facet, for articulation with the capitate, is narrow proximo-distally, and
deeply curved from before backwards. The dorsal surface of the bone, which is rough

and non-articular, is much larger than the volar aspect. The mass of the bone,

Os hamatuui

Os triquetrum

Os haniatum

Capitate

Os hamatuni

Radius

Navicular

Fig. 214.

—

The Right Os Lunatum.
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The lesser multantjular

Us hamaturn On luiiatuni

dorsally, is directed distally and tojvards the medial side,

articulates with four bones—the greater

multangular, navicular, and capitate

bones, and the second metacarpal.

Os Capitatum 'O.T. Os Magnum .

—This is tiie largest of the carpal bonus.

Its volar surface is rough and rounded.

The j)^'oximal portion of the bone forms

the head, and is furnished with convex
articular facets which tit into the hollows

on the medial surface of the navicular

and distal surface of the os lunatum ; that

for the latter is medial to and separated

by a slight ridge from the navicular artic-

ular area. The distal surface, narrow to-

wards its volar border and broad dorsally,

is subdivided usually into three facets by
two ridges—that towards the lateral side

is for the base of the second metacarpal

;

the inter-
mediate
facet is for

the third
metacarpal

;

whilst the
medial facet

of the three,

NoTK.—The figure to the left repre- not always present, very small and placed near the dorsal

Fig. 216.

Os triquetruiii

-Thb Right Pisiform
BOSB.

Articular disc"

of wrist

Fig. 215.—The Right Os Triqcetrum.

Note.—The bone is represented in the centre of the figure

in the position which it occupies in the right hand
viewed from the volar aspect. Tlie views on either

side, and above and below, represent respectively

the corresponding surfaces of the bone turned
towards the reader.

sents the

bone ; that

dorsal \iew.

rt' t\T'lht Se ^''^^.^^ ^^® ^^^^' is for the fourth metacarpal. The lateral
to the right the

surface of the body has an articular area for the lesser

multangular, not infrequently separated from the navic-

ular surface on the head by a rough
line, to which the interosseous ligament

connecting it with the navicular is at-

tached. The medial surface of the body
has an elongated articular area, usu-

ally deeply notched in front ; or it may
be divided anteriorly into a small cir-

cular area near the dorsal edge, and
a larger posterior part. This latter

articulates either singly or doubly with

the OS hamatum, the interosseous liga-

ment which unites the two bones

being attached either to the notch or

to the surface separating the two articu-

lar facets. The dorsal surface is rough

for ligaments; it is somewhat constricted

below the head, the articular surface of

which sweeps round its proximal border.

The capitate bone articulates with

seven bones—the os hamatum, the os

lunatum, the na\dcular, the lesser mult-

^ ^ angular, and the second, third, and
r»iOTE.—The bone is represented in the centre of the figure r i.v. i. i i, • n

in the position which it occupies in the right hand fourth metacarpal bones
;
occasionally

viewed from the volar aspect. The \iews on either the fourth metacarpal doCS nOt ar-
side, and above and below, represent respectively ticulate with the capitate.
the corresponding surfaces of the bone turned /\ tt x //-v rr tt_ -c^
towards the reader. Os Hamatum (O.T. Unciform

Bone).—The os hamatum can be readily

distinguished by the hook-like process (hamulus) which projects from the distal and

XaNicular

Fig. 217.

—

The Right Greater Miltangilar Bone.
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Capitate bone II. Metacarpal

Navicular
Greater
multangular

III. Metacarpal

medial aspect of its volar surface. To this is attached the transverse carpal

ligament as well as some of the

fibres of origin of the short muscles

of the little finger. The medial
side of the hamulus is sometimes
grooved by the deep branch of the

ulnar nerve. (Anderson,W., " Proc.

Anat. Soc." Journ. Anat. and
P%sio/. vol. xxviii. p. 11.) ThQvolar

surface, rough for ligaments, is

somewhat triangular in shape

Froximally and towards \i\iQmedial

side there is an elongated articular

surface for the os triquetrum,

convex proximally and concave

distally. The lateral aspect of the

bone is provided with a plane elon-

gated facet, occasionally divided

into two for articulation with the

capitate bone (see above). Where
„ ^, „ ^ „ ^ ,, „ the proximal and lateral surfaces
Fig. 218.

—

The Right Lesskr Multangular Bone. f i • t.i . j i

„ , , o .. n • meet, the angle is blunt, and has
Note.—The bone is represented m the centre of the iigure in <• i. i • t. i.- i i.

the position which it occupies in the right hand viewed a narrow lacet which articulates

from the volar aspect. The views on either, side, and with the OS lunatum. Distally
above and below, represent respectively the corresponding

^J^epg ^^g tWO articukr facetS
surfaces of the bone turned towards the reader. . j i

• o ^i,
separated by a ridge ; these are

slightly concave from before backwards, and are for articulation, the lateral with

the fourth, and the medial

with the fifth metacarpal
bone. The dorsal surface,

more or less triangular in

shape, is rough for liga-

ments.

The OS hamatum articu-

lates with five bones—viz.,

the capitate, os lunatum, os

triquetrum, and the fourth

and fifth metacarpals.

The Carpus as a
Whole.

When the carpal bones

are articulated together

they form a bony mass, the

dorsal surface of which is

convex from side to side.

Anteriorly they present a

grooved appearance, con-

cave from side to side.

This arrangement is further

emphasised by the forward

projection, onthe medial side,

of the pisiform and hamulus
of the OS hamatum, whilst

laterally the tuberosity of

the navicular and the ridge

of the greater multangular help to deepen the furrow 'by their elevation. To these

IV. Metacarpal
II. Metacarpal

III. Metacarpal

Navicular

Fig. 219.

—

The Right Capitate Bone.

Note.—The bone is represented in the centre of the Iigure in the

position which it occupies in the right hand viewed from the

volar aspect. The views on either side, and above and below,

represent respectively the corresponding surfaces of the bone turned

towards the reader.
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four points the transverse carpal ligament is attached, which stretches across from
side to side, and thus

converts the furrow into

a canal through which the

flexor tendons pass to reach

IV. Metacarpal the fin'^ers.V. Metacarpal

/Capitate bone

FlQ.

Os lunatum

221.

—

Radiograph of the
Hand at Birth.

Fig. 220.

—

The Right Os Hamatum.

It will be noticed that whilst the

primary centres for the metacarpus
and phalanges are well ossified, the

Note.—The bone is represented in the centre of the figure in the position carpus is still entirely cartilaginous.

which it occupies in the right hand viewed from the volar aspect. Compare this with the tarsus at

The views on either side, and above and below, represent respectively birth, in which the tarsus is shown
the corresponding surfaces of the bone turned towards the reader. in part already ossified.

Ossification.—At birth the carpus is entirely cartilaginous. An exceptional case is

figured by Lambertz, in which the centres for the capitate and triquetral bones were already

present. The same authority states that it is not uncommon to meet with these centres

in the second month after birth. According to Debierre {Journ. de I'Anat. et de la

Physiol, vol. xxii. 1886, p. 285), ossification takes place approximately as follows:

—

Capitate bone .

Os hamatum
Os triquetrum .

Os lunatum
Greater multangular

Navicular

Lesser multangular
Pisiform .

11 to 12 months.
12 to H months.

3 years.

5 to 6 years.

6 years.

6 years.

6 to 7 years.

10 to 12 years.

The same observer failed to note the appearance of a separate centre for the hamulus
of the os hamatum, and records the occurrence of two centres for the pisiform.

The Metacarpus.

The metacarpal bones form the skeleton of the palm, articulating proximally

with the carpus, wliilst by their distal extremities or heads they support the bones
of the digits. Five in number, one for each digit, they lie side by side and
slightly divergent from each other, being separated by intervals, termed interosseous

spaces. Distinguished numerically from the lateral to the medial side, they all

display certain common characters ; each possesses a body or shaft, a base or carpal

extremity, and a head or phalangeal end.

The bodies, which are slightly curved towards the volar aspect, are narrowest
towards their middle. The dorsal surface of each is marked by'two divergent lines

which pass distally from the dorsum of the base to tubercles on either side of the
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Head

;iiaft

Fig. 222.— First Right
Metacarpal Bone. Tubercle

head. The surface included between the two lines is smooth and of elongated

triangular form. On either side of these lines two broad shallow grooves wind
spirally on to the volar surface, where they are separated

by a sharp ridge which is continuous with a somewhat
triangular surface which corresponds to the volar aspect

of the base. The grooved surfaces on either side of the

shaft furnish origins for the interossei muscles. Close to

the volar crest is the opening of the nutrient canal, which

is directed towards the proximal extremity, except in the case

of the first metacarpal bone.

The capitulura (head) is provided with a surface for

articulation with the proximal phalanx. This area curves

farther over its volar than its dorsal aspect. Convex from

before backwards and from side to side, it is wider anteriorly

than posteriorly ; notched on its volar aspect, its edges form

two prominent tubercles, which are sometimes grooved for

the small sesamoid bones which may occasionally be found

on the volar surface of the joint. On either side of the head

of the bone there is a deep pit, behind which is a prominent

tubercle ; to these are attached the collateral hgaments of the

metacarpo-phalangeal joints.

The bases,
all more or less

w^edge-shaped in

form, articulate

with the carpus

;

they differ in size and shape according

to their articulation.

Of the five metacarpal bones, the

first, viz., that of the thumb, is the

shortest and stoutest, the second is the

longest, whilst the tMrd,

fourth, and fifth display a

gradual reduction in length.

The medial four bones

articulate by their bases

with each other, and are

united at their distal ex-

tremities by ligaments.

They are so arranged as to

conform to the tiollow of

the palm, being concave

from side to side anteriorly,

and convex posteriorly. The
first metacarpal differs from

the others in being free at

its distal extremity, whilst

its proximal end possesses

only a carpal articular facet.

The first metacarpal
bone is the shortest and
stoutest of the series. Its

body is comjiressed from Note

before backwards. Its head,

of large size, is but slightly

convex from side to side, and
is grooved on its volar aspect for the sesamoid bones. The base is provided with

a saddle-shaped surface for articulation with the greater multangular, and has no

facets on its sides. Laterally there is a slight tubercle to which the abductor pollicis

Capitate bone

Lesser multangular

Fig. 223.

—

Second Right Metacarpal Bone.

The bone is represented in the centre of the figure in the

position which it occupies in the right hand viewed from the volar

aspect. The views on either side, and below, represent respectively

the corresponding surfaces of the bone turned towards the reader.
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longus muscle is attached. The : canal lor the

nutrient artery is directed towards the head of

the bone.

The second metacarpal bone is recognised
by its lengtii and its broad and deeply notched
base for articulation with the K-sser multangular.
It has a small half-oval facet for the grciater mult-
angular on the lateral side of its base, whilst
on its medial aspect it

presents a narrow vertical

strip for the capitate, in

front of which there are

two half-oval surfaces for

the third metacarpal. To
the dorsal aspect of the

base is attached the tendon
of the extensor carpi

radialis longus muscle,
whilst the Hexor carpi

radialis is inserted into the

volar surface.

The third metacarpal
bone can usually be re-

cognised by the pointed
styloid process which
springs from the dorsum of

its base, towards the radial

styloid process

Capitate bone Metacariml

rroxinial

Fig. 224.

—

Third Right Metacarpal Bone.

Note.—The bone is represented in the centre of the figure in the position

which it occupies in the right hand viewed from the volar aspect. The
views ou either side, and below, represent respectively the corre-

sponding surfaces of the bone turned towards the reader.

Capitate bone

III. Metacarpa

C'apitatf bone

IV. Metacarpal

riuxiiual

Fig. 225.

—

Fourth Kight Metacarpal Boxe. Fig. 226.

—

Fifth Ki<;ht Metacarpal Bone.

Note.—The bone in each figure is represented in the centre of the figure in the position which it occupies in the

right hand viewed from the volar aspect. The views on either side, and below, represent respectively the

corresponding surfaces of the bone turned towards the reader.

side. On the proximal surface of the base there is a facet for the capitate.

On the lateral side there are two half-oval facets for the second metacarpal. On
the medial side there are usually two small oval or nearly circular facets for the

15
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fourth metacarpal. The extensor carpi radialis brevis muscle is inserted into the

dorsum of the base.

The fourth metacarpal bone may be recognised by a method of exclusion. It

is unlike either the first, second, or third, and differs from the fifth, which it

resembles in size, by having articular surfaces on both sides of its base. Proximally

there is a quadrilateral surface on its base for articulation with the os hamatum.
On its lateral side there are usually two small oval facets for the third metacarpal.

Of these facets the dorsal one not infrequently has a narrow surface for articula-

tion with the capitate. On the medial side there is a narrow articular strip for the

base of the fifth metacarpal.

The fifth metacarpal bone can be recognised by its size and the fact that it

has an articular facet only on one side of its base, namely, that on its lateral side

for the fourth metacarpal. The carpal articular surface is saddle-shaped, and there

is a tubercle on the medial side of the base for the insertion of the extensor carpi

ulnaris muscle.

As has been ah-eady pointed out, the oi)enings of the arterial canals are usually seen on the

volar surfaces of the metacariials, those of the medial four bones being directed proximally towards
the base or carpal end, differing in this respect from that of the first metacarpal, which is directed

distaUy towards the head or phalangeal extremity. The opening of the latter canal usually

lies to the medial side of the volar aspect of the body.

Ossification.—The metacarpal bones are developed from primary and secondary

centres ; but there is a remarkable difference between the mode of growth of the first and
the remaining four metacarpals, for whilst the body and head of the first metacarpal

are developed from the primary ossific centre, and its base from a secondary centre, in

the case of the second, third, fourth, and fifth metacarpals the bodies and bases are de-

veloped from the primary centres, the heads in these instances being derived from the

secondary centres. In this respect, therefore, as will be seen hereaftei', the metacarpal

bone of the thumb resembles the phalanges in the manner of its growth, a circumstance

which has given rise to considerable discussion as to whether the thumb is to be regarded as

possessing three phalanges and no metacarpal, or one metacarpal and two phalanges. Broom
{Anat. Anz. vol. 28), by a reference to reptilian forms, offers an explanation in regard to the

difference in the mode of ossification of the first metacarpal on the ground that the most
movable joint is that between the first metacarpal and the carpus, whereas on the other

digits the most movable joints are those between the metacai'pals and phalanges. In

consequence those ends of the bones which enter into the formation of the joints where
movement is most free are the ends where the epiphyses will appear. This is in accordance

with the law to be suggested in connexion with the fibula. The primary centres for the bodies

and bases of the second, third, fourth, and fifth metacarpals appear in that order during the

ninth or tenth week of intra-uterine life, some little time after the terminal phalanges
have begun to ossify ; that for the body and head of the metacarpal bone of the thumb a
little later. At birth the bodies of the bones are well formed. The secondary centres from
which the heads of the second, third, fourth, and fifth metacarpals and the base of the

first are developed, appear about the third year, and usually completely fuse with the

shafts about the age of twenty. There may be an independent centi*e for the styloid

process of the third metacarpal, and there is usually a scale-like epiphysis on the head of

the first metacarpal which makes its appearance about eight or ten, and rapidly unites

with the head. The occurrence of a basal epiphysis in the second metacarpal bone has
been noticed.

Phalanges Digitorum IVIanus.

The phalanges or finger bones are fourteen in numljer—-three for each finger,

and two for the thumb; and they are named numerically in order from the
proximal toward the distal ends of the fingers.

Phalanx Prima.—The first phalanx, the longest and stoutest of the three, has a

semi-cylindrical body which is curved slightly forwards. The volar surface is flat,

and bounded on either side by two sharp borders to which the fibrous sheath of the
flexor tendons is attached. The dorsal surface, convex from side to side, is overlain

by the extensor tendons. The proximal end, considerably enlarged, has a simple oval

concave surface, which rests on the head of its corresponding metacarpal bone. On
either side of this the bone displays a tubercular form, and affords attachment to
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the collateral ligaments of the metacarpo-phalangeal joint, and also to the interossei

muscles. The distal end is much smaller than the

proximal ; the convex articular surface is divided into

two condyles by a central groove.

Phalanx Secunda.—The second phalanx resembles

the first in general form, but is of smaller size. It

differs, however, in the form of its proximal articular

surface, which is not a simple oval concavity, but is an
oval area divided into two small, nearly circular con-

cavities by a central ridge passing from volar to dorsal edge;

these articulate with the condylic surfaces of the proximal
phalanx. Into the margins of its volar surface near
the proximal end ..are inserted the split portions of the

tendon of the Hexor digitorum sublimis, whilst on the

dorsal aspect of the proximal end the central slip of the

extensor digitorum communis muscle is attached.

Phalanx Tertia.—The third or terminal or ungual
phalanx is the smallest of the three ; it is easily recognised

by the spatula-shaped surface on its distal extremity which
supports the nail. The articular surface on its proximal
end resembles that on the proximal end of the second
phalanx, but is smaller. On the volar aspect of this

end of the bone there is a rough surface for the insertion

of the tendon of the flexor digitorum profundus muscle.

The dorsal surface of the same extremity has attached to

it the terminal portions of the tendon of the extensor
digitorum communis muscle. The phalanges of the
thumb resemble in the arrangement of their parts the
first and third phalanges of the fingers.

The arterial canals, usually two in number, placed on either
side of the volar aspect and nearer the distal than the proximal ^°^ metacarpal

end of the bone, are directed towards the finger-tips. Fig. 227.

—

The Phalanges of

.
THE Fingers (Volar Aspect).

Ossification.—The phalanges are ossified from primary
and secondary centres. From the former, which appear as early as the ninth week of

I. riialanx

Head

Shaft

f 1^

Fui. 228.
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Radiographs of Fcetal Hands.

1. About ten weeks. Here the ossific nuclei of the terminal phalanges and the medial four metacarpal bones

are seen.

2. A little later. The centre for the metacarpal for the thumb is now present, as al.so the centre.s for the proximal

row of phalanges. The centres of the medial row of phalanges have appeared in the ca.se of the middle

and ring fingers.

3. During the third month. All the primary centres for the metacarpal bones and phalanges are now
developed.

4. About the fourth to fifth month.
5. About the sixth to seventh month.

fcetal life, the body and distal extremities are developed ; whilst the latter, which begin

to appear about the third year, form the proximal epiphyses which unite with the bodies

15 a
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from eighteen to twenty. Dixey {Froc. Roy. Soc. xxx. and xxxi.) has pointed out that

the primary centre in the distal phalanges commences to ossify in the distal part of

the bone rather than towards the centre of the body. This observation has been
confirmed by Lambertz, who further demonstrates the fact that ossification commences
earlier in the distal phalanges than in any of the other bones of the hand. Of the

other phalanges, those of the first row, beginning with that of the third finger, next

ossify, subsequent to the appearance of ossific centres in the shafts of the metacarpal

bones, w^hilst the second or middle row of the phalanges is the last to ossify about

the end of the third month. Sewell has recorded a case in which the proximal phalanx
had a distal as well as a proximal epiphysis.

Ossa Sesamoidea.
Two little oval nodules (sesamoid bones), which play in grooves on the volar

aspect of the articular surface of the head of the first metacarpal bone, are constantly

met with in the tendons and ligaments of that metacarpo-phalangeal articulation.

Similar nodules, though of smaller size, are sometimes formed in the corresponding

joints of the other digits, more particularly the index and little finger ; as Thilenius

has pointed out (Morph. Arheiten, vol. v.), these are but the persistence of cartilaginous

elements which have a phylogenetic interest.

THE BONES OF THE INFERIOR EXTREMITY.

THE PELVIC GIRDLE AND THE PELVIS.

The pelvic girdle is formed by the articulation of the two hip bones with

the sacrum dorsally, and their union with each other ventrally, at the joint called

the symphysis pubis.

Os Coxae.

The hip bone (os coxae) (O.T. innominate) is the largest of the " flat " bones of

the skeleton. It consists of three parts—the os ilium, the os ischium, and the os pubis

—primarily distinct, but fused together in the process of growth to form one large

irregular bone. The coalescence of these elements takes place in and around the

acetabulum, a large circular articular hollow which is placed on the lateral side of the

bone. The expanded wing-like part above this is the os ilium ; the stout V-shaped
portion below and behind it constitutes the os ischium ; while the <;-shaped part to

the medial side, and in front and below, forms the os pubis. The two latter portions

of the bone enclose between them a large aperture of irregular outline called the

foramen obturatum (obturator foramen), which is placed in front and below, and to

the medial side of the acetabulum.

The ilium, almost a quadrant in form, consists of an expanded plate of bone,

having a curved superior border, the crista iliaca (iliac crest). Viewed from the

side, this forms a curve corresponding to the circumference of the circle of which
the bone is the quadrant ; viewed from above, however, it will be seen to display

a double bend—convex anteriorly and laterally, and concave posteriorly and
laterally. The iliac crest is stout and thick, and for descriptive purposes is

divided into a labium externum (external Kp), a labium internum (internal lip), and
an intermediate surface (linea intermedia), which is broad behind, narrowest about
its middle, and wider again in front. About 2^ inches from the anterior extremity
of the crest the external lip is usually markedly prominent and forms a projecting

tubercle, which can readily be felt in the living. Attached to these surfaces and
lips anteriorly are the muscles of the flank, whilst from them posteriorly the

latissimus dorsi, quadratus lumborum, and sacro-spinalis muscles derive origins.

The crest ends in front in a pointed process, the spina iliaca anterior superior

(anterior superior iliac spine). To this the lateral extremity of Poupart's inguinal

ligament is attached, as well as the sartorius muscle, which also arises from the

edge of bone immediately below it, whilst from the same process and from the
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anterior end of the external lip of the iliac crest the tensor fasciae latie muscle

takes origin.

The anterior border of the ilium stretches from the anterior superior iliac spine

to the margin of the acetabulum below. Above, it is thin ; liut below, it forms

a thick blunt i)rocess, the spina iliaca anterior inferior (anterior inferior iliac

spine). From this tlie rectus fenutris muscle arises, whilst the sloul fil>rfs "f the
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—

The Right Hip Bonk seen from the lateral side.

ilio-femoral ligament of the hip-joint are attached to it immediately above the

aceta})ular margin. Posteriorly, the crest terminates in the spina iliaca posterior

superior (posterior superior iliac spine). Below this, the posterior border of the bone
is sharp and irregularly notched, and descends to a prominent angle, the spina iliaca

posterior inferior (posterior inferior iliac spine). In front of the posterior inferior

iliac spine the edge of the bone becomes thick and rounded, and swet'\>s forwards

and downwards, round a wide notch called the incisura ischiadica major (greater

sciatic notch), to join the posterior border of the ischium behind the acetabulum.

15 &
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LiTissiurs
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Straight head of
rectus femoris

The ilium has two surfaces, medial and lateral The lateral surface is divided
into two parts, viz., a lower, acetabular, aud an upper, gluteal part. The lower forms
a little less than the upper two-fifths of the acetabular hollow, and is separated
from the larger gluteal surface above by the upper prominent margin of the arti-

cular cavity. The gluteal surface, broad and expanded, is concavo-convex from
behind forwards. It is traversed by three rough gluteal (O.T. curved) lines, well seen
in strongly developed bones, but often faint and indistinct in feebly marked speci-

mens. Of these the linea glutaea inferior (inferior gluteal line) curves backwards
from a point immediately above the anterior inferior spine towards the greater sciatic

notch posteriorly ; the bone between this and. the acetabular margin is marked by
a rough shallow groove, from which the reflected head of the rectus femoris muscle

arises. The linea glutsea

anterior (anterior gluteal

line) commences at the

crest of the ilium,

about one inch and a

half behind the anterior
superior iliac spine, and
sweeps backwards and
do^vnwards towards the

upper and posterior

part of the greater

sciatic notch. The sur-

face between this line

and the preceding

furnishes an extensive

origin for the glutgeus

minimusjuuscle. The
linea glutsea posterior

(posterior gluteal line)

leaves the iliac crest

about two and a half

inches in front of the

posterior superior iliac

spine, and bends down-
wards and sHghtly for-

wards in a direction

anterior to the posterior

inferior spine. The
area between this and
the anterior gluteal line

is for the origin of the glutseus medius muscle, whilst the rough surface immediately

above and l^hind it is for some of the fibres of origin of the glutseus maximus
muscle.

The medial surface of the ilium is divided into two areas which present very

characteristic differences. The posterior or sacral part, which is rough, displays, in

front, a somewhat smooth, auricular surface (facies auricularis) which is cartilage-

coated in the recent condition, and articulates with the sacrum.

This area is said to be proportiouately smaller in tlie female, wliilst curving rouud in front

of its anterior margin theie is often a groove, for the attachment of the fibre.s of the anterior

sacro-iliac ligaments, called the pre-auricular sulcus. Accoitiing to Derry this groove is better

marked in the female, and may be regarded as chai-acteristic of that sex.

Above and behind this there is an elevated irregular area, the tuberosity (tuber-

ositaa iliaca), which is here and there deeply pitted for the attachment of the strong

interosseous and posterior sacro-iliac ligaments. Above this the bone becomes con-

fluent with the inner hp of the iliac crest, and here it affords an origin ^QJihe_sacro-

.spinalis and multifidus muscles, and some of the fibres of the quadratus laimborum.

The anterior part of the medial aspect of the bone is smooth and extensive; it
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Sejomembeasoeu

Biceps axd
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Fig.
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Latebal Aspect of the Right Hip Bose with the

Attachments of the Muscles mapped out.
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is subdivided by au oblique ridge, called the ilio- pectineal line (linea arcuata),

which passes forwards and downwards, from the most prominent point of the

auricular surface towards the medial side of the ilio- pectineal eminence, which

is placed just above and in front of the acetabulum and marks the fusion of the

Crest or the ii.ii m

ILIUM

Tlberositv
FOR
SACRO-ILIAC
LIGAMENTS

Anterior
superior

SPINE

Lesser sciatic notch

ISCHIUM

Tuber ischiadiccm
(ischial TUBEROSinr)

InJERIOR RAMUS OF OS PUBIS RaMUS OF ISCHIUM

Fig. 231.—The Right Hip Bone (Medial Aspect).

ilium with the os pubis. Above this the bone forms the shallow Uiac fossa,

from the floor of which the iliacus muscle arises, whilst leading from the

fossa, below and in front, there is a shallow furrow, passing over the superior

acetabular margin, between the anterior inferior iliac spine on the lateral side and

the ilio-pectineal eminence medially, for the lodgment of the tendinous and fleshy

part of the ilio-psoas muscle. If held up to the light the floor of the deepest part

15
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of the iliac fossa will be seen to be formed of but a thin layer of bone. A nutrient

foramen of large size is seen piercing the bone towards the posterior part of the
fossa. Below and behind the ilio- pectineal line the medial surface of the ilium
forms a small portion of the wall of the pelvis minor ; the bone here is smooth, and
rounded off posteriorly into the greater sciatic notch, where it becomes confluent with
the medial aspect of the ischium. This part of the bone is proportionately longer

in the female than in the male, and forms with the ischium a more open angle.

Just anterior to the greater sciatic notch there are usually the openings of one or

two large vascular foramina. From this surface arise some of the posterior fibres

of the obturqjtQ^_internus muscle.

The ischium constitutes the lower and posterior part of the hip bone.

Superiorly its body (corpus) forms somewhat more than the inferior two-fifths of

the acetabulum together with the bone supporting it behind and medially. Below
this, the superior ramus passes downwards and backwards as a stout three-sided

piece of bone, from the inferior extremity of which a compressed bar of bone, called

the inferior ramus, extends forwards at an acute angle. This latter unites in front

and above with the inferior ramus of the pubis, and encloses the aperture called

the obturator foramen.

Superiorly, and on the lateral aspect of the ischium, the acetabular surface is

separated from the bone below by a sharp and prominent margin, which is,

however, deficient in front, where it corresponds to the acetabular notch (O.T. cotyloid

notch) leading into the articular hollow; the floor of this notch is entirely

formed by the ischium. Below the prominent acetabular margin there is a

well-marked groove in which the obturator externus lies. Beneath this the

antero-lateral surface of the superior and inferior rami furnishes surfaces for the
attachments of the obturator externus, quadratus femoris, and adductor magnus
muscles. The postero-lateral surface of the ischium forms the convex surface on
the back of the acetabulum. The medial border of this is sharp and well defined,

and is confluent above with the border of the ilium, which sweeps round the greater

sciatic notch. From this border, on a level with the lower edge of the acetabulum,
there springs a pointed process, the spina ischiadica (ischial spine), to which are

attached the sacro - spinous ligament and the superior gemellus muscle.

Inferior to this, the postero-lateral surface narrows rapidly, its medial border
just below the spine being hollowed out to form the incisura ischiadica minor (lesser

sciatic notch). The lower part of this surface and the angle formed by the twp
rami are capped by an irregularly rough piriform mass called the tuber ischiadicum

(ischial tuberosity). This is divided by an oblique ridge into two areas, the upper and
lateral for the tendon of origin of the semimembranosus muscle, the lower and medial
for the conjoined heads of the biceps and semitendinosus muscles. Its prominent
medial lip serves for the attachment of the sacro-tuberous ligament, whilst its

lateral edge furnishes an origin for the quadratus femoris muscle ; in front and
below, the adductor magnus muscle is attached to it.

The medial surface of the body and superior ramus of the ischium form in part

the wall of the pelvis minor. Smooth and slightly concave from before backwards,
and nearly plane from above downwards, it is widest opposite the level of the ischial

spine. Below this, its posterior edge is rounded and forms a groove leading to the

lesser sciatic notch, along and over which the tendon of the obturator internus

passes. To part of this surface the fibres of the obturator internus are attached,

whilst the medial aspect of the spine supplies points of origin for the coccygeus and
levator ani muscles, as well as furnishing an attachment to the " white line " of the

pelvic fascia. The medial surface of the inferior ramus of the ischium is smooth,
and so rounded that its inferior ecjge tends to be everted. To this, as well as to its

margin, is attached the crus penis, together with the ischio-cavernosus, obturator

internus, transversus perinei, and sphincter muscle of the membranous urethra.

In the female, structures in correspondence with these are found.

The anterior part of the hip bone is formed by the os pubis ; it is by means of

the union of this bone with its fellow of the opposite side that the pelvic girdle is

completed in front.

The pubis (os pubis) consists of two rami—a superior (ramus superior ossis
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pubis) and an inferior (ramus inferior ossis pubis). The broad part of the bone

formed by the fusion of these two rami is the body.

Tiie body of the os pubis has two surfaces. Of these the posterior or postero-

superior is smot^th, aud forms the anterior part of the wall of the pelvis minor

;

hereto are attaclied the levator ani muscle and pul)0- prostatic ligaments, and
on it rests the bladder. The anterior or antero-inferior surface is rougher, and
furnishes origins for the gracilis, adductor longus, adductor brevis, and some of

the fibres of the obturator externus muscles. The medial border is provided with

an elongated oval cartilage-covered surface (facies symphyseos) by means of which

it is united to its fellow of the opposite side, the joint being called the symphysis

pubis. The superior border, thick and rounded, projects somewhat, so as to over-

hang the anterior surface. It is called the crest. Medially this forms with the

medial border or symphysis the angle, whilst laterally it terminates in a pointed

process, the pubic tubercle (O.T. pubic spine). From the crest arise the rectus

Rectus kemoris (straight head of origin)

Ukctus femokis (reflected head of origin)

Attachment of
ILIO-FE.MORAI. LKiAMENT ADDUCTOR LONGUS (origin)

Pyramidalis abdominis (origin)
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X"^^ "'l*nft ^ ,^ /^U \ Gracilis (origin)

osus (origin)
i»

.

QuADRATUs (I" '%„/ lB)s^ ^ ^^ '«. J^ Adductor brevis (origin)

FEMOKis (origin)

Biceps and
semitendinosus-

(origin)

Fia. 232.—MuscLB Attachments to the Lateral Suuface of the Os Pdbis and Ischium.

abdominis and pyramidalis muscles, and to the tubercle is attached the medial

end of the inguinal ligament. Passing upwards and laterally from the lateral

side of the body towards the acetabulum, of which it foirms about the anterior

fifth, is the superior ramus. This has three surfaces: an antero - superior, an

antero-inferior, and an internal or posterior. The antero- superior surface

is triangular in form. Its apex corresponds to the pubic tubercle ; its anterior

inferior border to the crista obturatoria (obturator crest), leading from the pubic

tubercle to the upper border of the acetabular notch ; whilst its sharp postero-

superior border trends upwards and laterally from the tubercle, and is continuous

with the iliac portion of the ilio-pectineal line just medial to the iHo-pectineal

eminence, forming as it passes along the superior ramus the pubic portion of

that same line (pecten ossis pubis). On this line, just medial to the ilio-pectineal

eminence, there is often a short sharp crest which marks the insertion of the

psoas minor. The base of the triangle corresponds to the ilio-pectineal eminence

above and the upper margin of the acetabular notch below. Slightly hollow

from side to side, and convex from before backwards, this surface provides an
origin for, and is in part overlain by, the pectineus muscle. The posterior

or postero-superior surface of the superior ramus is smooth, concave from side to

side, and slightly rounded from above downwards ; by its sharp inferior curved

border it completes the obturator foramen, as seen from behin(i The antero-
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inferior surface forms the roof of the broad sulcus obturatorius (obturator groove)

which passes obliquely downwards and forwards between the lower margin of

the antero-superior surface in front and the inferior sharp border of the posterior or

internal surface behind. The inferior ramus of the os pubis passes downwards and

laterally from the lower part of the body. Flattened and compressed, it unites with

the inferior ramus of the ischium, and thus encloses the obturator foramen, whilst in

correspondence with its fellow of the opposite side it completes the formation of

the pubic arch. Anteriorly it furnishes origins for the gracilis, adductor brevis,

and adductor magnus muscles, as well as some of the fibres of the obturator

externus muscle. Its medial surface is smooth, whilst its lower border, rounded

or more or less everted, has attached to it the anterior part of the crus penis and

the arcuate (O.T. subpubic) ligament.

The acetabulum is the nearly circular hollow in which the head of the thigh

bone fits. As has been already stated, it is formed by the fusion of the ilium and

ischium and pubis in the following proportions : the ilium a little less than

two-fifths, the ischium somewhat more than two -fifths, the pubis constituting

the remaining one-fifth. It is so placed as to be directed downwards, laterally,

and forwards, and is surrounded by a prominent margin, to which the capsule and

labrum glenoidale of the hip-joint are attached. Opposite the obturator foramen

this margin is interrupted by the incisura acetabuli (acetabular notch) ; immediately

lateral to the ilio- pectineal eminence the margin is slightly hollowed, whilst

occasionally there is a feeble notching of the border above and behind. These

irregularities in the outline of the margin correspond to the lines of fusion of the

ilium and pubis and the ilium and ischium respectively. The floor of the ace-

tabulum is furnished with a horseshoe-shaped articular surface, which hnes the

circumference of the hollow, except in front, where it is interrupted by the ace-

tabular notch. It is broad above; narrower in front and below. Enclosed by

articular surface there is a more or less circular rough area (fossa acetabuli)

continuous in front and below with the floor of the acetabular notch. This, some-

what depressed below the surface of the articular area, lodges a quantity of fat,

and provides accommodation for the intra-articular Ligament of the joint (ligamentum

teres). As may be seen by holding the bone up to the Hght, the floor of this part of

the acetabulum is usually thin. The major part of the non- articular area is

formed by the ischium, which also forms the floor of the acetabular notch.

The foramen obturatum (obturator foramen) lies in front of, below, and

medial to the acetabulum. The margins of this opening, which are formed

in front and above by the os pubis, and behind and below by the ischium, are

sharp and thin, except above, where the antero-inferior surface of the superior ramus

of the pubis is channelled by the obturator groove. Below, and on either side of this

groove, two tubercles can usually be seen. The one, situated on the edge of the

ischium, just in front of the acetabular notch, is named the posterior obturator

tubercle ; the other, placed on the lower border of the posterior surface of the

superior ramus of the os pubis, is called the anterior obturator tubercle. Between

these two tubercles there passes a ligamentous band, which converts the groove

into a canal along which the obturator vessels and nerve pass. Elsewhere in the

fresh condition the obturator membrane stretches across the opening from margin

to margin. The form of the foramen varies much, being oval in some specimens,

in others more nearly triangular; its relative width in the female is greater

than in the male.

Nutrient foramina for the ilium are seen on the floor of the iliac fossa, just in front of the

auricular surface ; on the pelvic aspect of the bone, close to the greater sciatic notch ;
and on

the gluteal surface laterally, near the centre of the anterior gluteal line. For the ischium, on its

pelvic surface, and also laterally on the groove below the acetabulum. For the pubis, on the

surface of the body, and deeply also from the acetabular fossa.

Connexions.—The hip bone articulates with the sacrum behind, with the femur to the

lateral side and below, and with its fellow of the opposite side medially and in front. Each

of its three parts comes into direct relation with the surface. Above, the iliac crest assists in

forming the iliac furrow, which serves to separate the region of the flank from that of the

buttock. In front, the anterior superior iliac spine forms a definite landmark ; whilst behind,

the posterior superior iliac spines will be found to correspond with dimples situated on

either side of the median plane of the root of the back. The symphysis, the crest, and tubercle of
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llie j)iibis can all he distinguished in front, tlioiigh overlain by a considerable quantity of fat,

whilst the position of the tubero.sities' of the i.schia, when uncovered by the great gluteal
Miiiscles in tlie flexed jjosition of the thigh, can readily be a.scertained. In the perineal region
the outline of the pubic and ii^chial rami can easily be determined by digital e.xamination.

Ossification commences in the ilium about the ninth week of intra-uterine life
;

about the fourth month a centre appears below the acetabulum for the ischium, the os

pubis bein<^ developed from a centre which appears in front of the acetabulum about the
Hfth or si.xtli month. At birth tlie form of the ilium is well defined ; the body and i)art

of the tuberosity of tiie ischium are ossified, as well as the superior ramus and ])art of

the body of the os pubis. All three parts enter into the formation of the sides of the
acetabulum, and by the

third yearhave conver}j;ed

to form the bottom of that

hollow, being sopaoited

from each otlier by a tri-

radiate piece of cartilage,

in which, about the

twelfth year, independent

ossific centres make their

appearance, which may
or may not become fused

with the adjacent bones.

In the latter case they

unite to form an inde-

pendent ossicle, the os

acelabuli, which subse-

quently fuses with and
forms the acetabular part

of the OS pubis. By the

age of si.xteen the ossifica-

tion of the acetabulum is

usually completed, whilst

the rami of tlie ischivim

and OS pubis conmionly
unite about the tenth

year. Secondary centres, seven in number, make their appearance about the age of

puberty, and are found in the following situations : one for the anterior inferior iliac spine
;

one for the ventral two-thirds of the iliac crest and the anterior superior iliac spine

which grows backwards, one for the posterior superior iliac spine and dorsal third of the

iliac crest which grows forwards—these two unite about the twentieth year ; a scale-like

epiphysis over the tuberosity of the ischium ; a separate epiphysis for the spine of the

ischium
; (?) a point for the tubercle and another foi* the angle of the os pubis. Fusion

between these and the primary centres is usually complete between the twentj'-second and
twenty-fifth years. Le Damany states that the proportionate depth of the acetabular

cavity at the sixth month of fa^tal life is greater than at birth. In the third year a rapid

increase in its depth again takes place correlated with the assumption of the erect position.

Parsons (Journ. A7iat. and Physiol, vol. xxxvii. p. 315)regai-ds the ischial epiphysis as

the homologue of the hypo-ischium in reptiles, and suggests that the epiphysis over the
angle of the pubis may represent the epipubic bone of marsupials.

Appears about
4th 111. of foetal

life

Appears
about 18
years
Appears
about 18
years

bout 10 years

At Birth.

Fig. '2-33.-

AljuuL 12 or lo ) e;ir.s.

-Ossification of the Hip Bone.

The Pelvis.

The pelvis is tbriued by the uuion of the hip bones witli each other in

front, and witli the sacrum behind. In man the dwarfed caudal vertebrie

(coccygeal) are curved forwards and so encroach upon the limits of the pelvic

cavity interiorly. The pelvis is divided into two parts by the ilio-pectiueal lines,

which curve forwards from the upper part of the lateral parts of the sacrum
behind to the roots of the pubic tubercles in front. The part above is called

the pelvis major, and serves by the expanded iliac fossa? to support the abdominal
contents ; the part below, the pelvis minor contains the pelvic %'iscera,

and in the female forms the bony canal through which at full term the foetus is

expelled.
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The pelvis minor is bouuded in front by the symphysis pubis in the median
plane, and by the body and rami of the os pubis on each side, laterally by the smooth
medial surfaces of the ischia and ischial rami, together with a small part of the

ilium below the iliac portion of the ilio-pectineal line. Springing from the posterior

margin of the ischium are the inturned ischial spines. Behind, the broad curved

Fig. 234.

—

The Male Pelvis seen from the front.

anterior surface of the sacrum, and below it, the small and irregular coccyx, form
its posterior wall. Between the sides of the sacrum behind, and. the ischium and.

ilium in front and above, there is a wide interval, called the greater sciatic notch,

which is, however, bridged across in the recent condition by the sacro-tuberous and
sacro-spinous ligaments, which thus convert it into two foramina—the larger above

Fig. 23.'.

—

Thk Female Pelvis seen from the front.

the spine of the ischium, the greater sciatic foramen ; the lower and. smaller below
the spine, called the lesser sciatic foramen.

Apertura Pelvis Superior.

—

The upper opening of the pelvis minor is bounded in

front by the symphysis pubis, with the crest of the pubis on each side ; laterally

by the ilio-pectineal lines ; and behind by the sacral promontory. The circum-

ference of this aperture is often called the brim of the pelvis ; in the male it is
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heart-shaped, in the female more oval. The antero-posterior or conjugate diameter
is measured from the sacro-vertebral angle to the symphysis pubis ; the oblique

diameter from the aicro-iliac joint of one side to the ilio-pectiueal eminence of

the other ; whilst the transverse diameter is taken across the greatest width of

the pelvic u[)erture.

Apertura Pelvis Inferior.—The lower opening is bounded anteriorly by the arcus

pubis (pubic arch), formed in front and above by the bodies of the ossa pubis, with the

sympliysis between them, and the inferior pubic rami below and on either side.

These latter are continuous with the ischial rami, which pass backwards and
laterally to the ischial tuberosities, which are placed on either side of this aperture.

In the median plane behind, the tip of the coccyx projects forward ; and in the

recent condition the interval between this and the ischial tuberosities is bridged

across by the sacro-tuberous ligament, tlie inferior edge of which necessarily

assists in determining the shape of the outlet.

As the anterior wall of the cavity, formed by the symphysis pubis, measures
from li to 2 inches, whilst the posterior wall, made up of the sacrum and coccyx, is

from 5 to 6 inches in length, it follows that the planes of the inlet and outlet are

not parallel, but placed at an angle to each other. The term axis of the pelvis is

given to lines drawn at right angles to the centres of these planes. Thus, with the

pelvis in its true position, when the figure is erect, the axis of the upper opening
corresponds to a line drawn downwards and backwards from the umbilicus towards
the tip of the coccyx below, whilst the axis of the lower opening is directed down-
wards and slightly backwards, or downwards and a little forwards, varying
according to the length of the coccyx. Between these two planes the axis of the

cavity, as it passes through planes of varying degrees of obliquity, describes a curve

repeating fairly closely the curve of the sacrum and coccyx.

Position of the Pelvis.—The position of the pelvis in the living, when the figure is

erect, may be approximately represented by placing it so that the anterior superior iliac

spines and the symphysis pubis lie in the same vertical plane. Under these conditions

the plane of the upper opening is oblique, and forms with a horizontal line an angle of from
50° to 60°. The position of the pelvis depends upon the length of the ilio-femoral ligaments
of the hip-joint, being more oblique when these are short, as usually happens in women in

whom the anterior superior iliac spines tend to lie in a plane slightly in advance of that
occupied by the symphysis pubis. In cases where the ilio-femoral ligament is long a
greater amount of extension of the hip-joint is permitted, and this leads to a lessening of

the obliquity of the pelvis. This condition, which is more typical of men, results in the

anterior superior iliac spines lying in a plane slightly posterior to the plane of the sym-
physis, whilst the angle formed by the plane of the inlet and the horizontal is thereby
reduced. Bearing in mind the oblique position of the pelvis, it will now be seen that the

front of the sacrum is directed downwards more than forwards, and that the sacral pro-

montory is raised as much as from ^\ to 4 inches above the upper border of the symphysis
pubis, lying higher than the level of a line connecting the two anterior superior iliac spines.

From the manner in which the sacrum articulates with the ilia, it will be noticed that the
weight of the trunk is transmitted downwards through the thickest and strongest part of

the bone (see Architecture, Appendix A) to the upper part of the acetabula, where these

rest on the heads of the femora.

Sexual Differences.—The female pelvis is lighter in its construction than that of

the male ; its surfaces are smoother, and the indications of muscuhxr attachments less

marked. Its height is less and the splay of its walls not so pronounced as in the male,

so that the female pelvis has been well described as a short segment of a long cone as

contrasted with the male pelvis, which is a long segment of a short cone. The cavity of

the pelvis minor in the female is more roomy, and the ischial spines not so much intumed.
The pubic arch is wide and rounded, and will usually admit a right-angled set-square

being placed within, so that the summit touches the inferior surface of the symphysis pubis,

whilst the sides lie in contact with the ischial rami. In the male the arch is narrow and
angular, forming an angle of from 65° to 70°. The greater sciatic notch in the female is

wide and shallow. The distance from the posterior edge of the body of the ischium to the

posterior inferior iliac spine is longer, measuring on an average 50 mm. (2 inches) in the

female, as contrasted with 40 mm. (1| inches) in the male. The angle formed by the

ischial and iliac borders is more contracted and acute in the male as compared with the
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female, in whom it is wider and more open. In the female the acetabulum is proportion-

ately smaller than in the male.

The upper opening in the female is large and oval or reniform, as compared with the

cribbed and heart-shaped aperture in the male. The sacro-vertebral angle is more pro-

nounced in the female, and the obliquity of the upper opening greater. The sacrum is

shorter and wider. The posterior superior iliac spines lie wider apart ; the pubic crests

are lont^er ; and the pubic tubercles are separated by a greater interval than in man.

The outlet is larger : the tuberosities of the ischia are farther apart ; and the coccyx does

not project forward so much. The curve of the sacrum is liable to very great individual

variation. As a rule the curve is more uniform in the male, whilst in the female it tends

to be flatter above and more accentuated below. There is a greater proportionate width

between the acetabular hollows in the female than in the male. Of much importance

from the standpoint of the obstetrician are the various diameters of the pelvis minor.

In regard to this it is worthy of note that the plane of "greatest pelvic expansion"

extends from the union between the second and third sacral vertebrae behind, to the

middle of the symphysis pubis in front, its lateral boundaries on either side correspond-

ing with the mid-point of the medial surface of the acetabulum ; whilst the plane of

"least pelvic diameter" lies somewhat lower, and is defined bylines passing through

the sacro-coccygeal articulation, the ischial spines, and the lower third of the symphysis

pubis (Norris). Subjoined is a table showing the principal average measurements in the

two sexes :

—

PELVIS MAJOE.

Maximum distance between the iliac crests

Distance between the anterior superior iliac

spines

Distance between the last lumbar spine and

the front of the symphysis pubis

Males.

11| in., or 282 mm.
9^ in., or 240 mm.

7 in., or 176 mm.

Females.

lOf in., or 273 mm.
9f in., or 250 mm.

7^ in., or 180 mm.

PELVIS MINOB.

Males.

Antero-posterior (conju-

gate) diameter
ObUque diameter .

Transverse diameter

Upper
Opening.

4 in., or

101 mm.
4| in., or

120 mm.
5 in., or

127 mm.

Females.

Lower
Opening.

Upper
Opening.

Cavity.

Greatest.

3| in., or

95 mm.
3i in., or

88 mm.
3^ in., or

88 mm.

4§ in., or

110 mm.
5 in., or

125 mm.
; 5j in., or

1 135 mm.

5 in., or

127 mm.

4J in., or

125 mm.

Least.

4§ in., or

110 mm.

4§ in., or

110 mm.

Lower
Opening,

4^ m., or

115 mm.
4| in., or

115 mm.
4§ in., or

110 mm.

Growth of the Pelvis.—From the close association of the pelvic girdle with the lower limb

we find that its growth takes place concurrently with the development of that member. At
birth the lower limbs measure but a fourth of the entire body length ; consequently at that time

the pelvis, as compared with the head and trunk, is relatively small. At this period of life the

bladder in both sexes is in greater part an abdominal organ, whilst in the female the uterus has

not yet sunk into the small pelvic cavity, and the ovaries and uterine tubes rest in the iliac

fossai. The sacro-vertebral angle, though readily recognised, is as yet but faintly marked.

Coincident with the remarkable growth of the lower limbs and the assumption of the erect

position when the child begins to walk, striking changes take place in the form and size of the

pelvis. These consist in a greater expansion of the iliac bones, necessarily associated with the

growth of the muscles which control the movements of the hip, together with a marked increase

in the sacro-vertebral angle due to the development of a forward lumbar curve ; at the same time,

the weight of the trunk being thrown on the sacrum causes the elements of that bone to sink

to a lower level between the hip bones. The cavity of the pelvis minor increases in size

proportionally, and the viscera afore-mentioned now begin to sink down and have assumed a

position within the pelvis by the fifth or sixth year. The extension of the thighs in the

upright position nece.ssarily brings about a more pronounced pelvic obliquity, whilst the stoutness

and thickness of the ilium over the upper part of the acetabulum is much increased to withstand

the pressure to which it is obviously subjected. Coincident with this is the gradual development



THE FEMUR 239

of the iliac portiou of the ilio-pectiueal line, which serves in the adult to .separate sharply the
pelvis m:ijor from the pelvis minor. This part of the bone is reniaikalily strong, as will be shown

(see Architecture, Aj>penilix A), and serves to

transmit the body weight lV(»m the sacrum to

the thigh bone. The sexual differences of the
jielvis, .so far as they refer to the general con-
tiguration of this part of the .skeleton, are as

jironounced at the third or fourth month of
fcctal life as they are in the adult. (Fehling,
Ztschr. f. Geburtsh. u. Gynaek. Bd. ix. and x.

;

A. Thomson, Journ. Anat. and Physiol, vol.

xxxiii. p. 359.) The rougher ajjpearance of

the male type is correlated with the more
powerful muscular development.

Oreatkk
trochanteh

TrBEBCI.E

Intertko-
chanteric

LIXK

Lesser
trochanter

Lateral epicondvle —

The Femur.
The femur or thigh boue is remark-

able for its leiii/th, being the longest

'Obturator internus
Piriformis

Vast IS medialis

Ilio-psoas

Lateral condyle

Fig. 'J26.

—

The Right Fkmur seen kuom the Fuont

medially, and slightly forwards.

Fig. 237.

—

Anteuiuu Aspect of Piioximal Por-

tion OF the Right Femik with Attach.ments

OF Muscles mapi-ed out.

bone in the body. Proximally the femora

are separated by the width of the pelvis.

Distally they articulate with the tibiw

and patellae. In the military position

of attention, with the knees close to-

gether, the bodies of the thigh bones

occupy an oblique position.

For descriptive purposes the bone is

divided into a proximal extremity, com-
prising the head, neck,

and two trochanters ; a

body ; and a distal ex-

tremity, forming the ex-

pansions known as the

condyles.

The caput femoris
(head) is the hemi-

spherical articular sur-

face which fits into the

acetabulum. Its pole

is directed upwards,
A little below the summit, and usually somewhat

Adductor
tubercle

Medial
El'ICONDYLE
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Neck

Greater
trochanter
Tubercle of
quadratns
Intertrochan-
teric CREST

—Gluteal tuberosity

Arterial foramen

behind it, is a hollow, oval pit (fovea capitis femoris) for the attachment of the

ligamentum teres. Piercing the floor of this depression are seen several foramina

through which - vessels

Trochanteric fossa paSS tO Supply tllC head
Pit FOR Lio. TERES—

/

1^^ \ of the bone ; the proximal

epiphysis thus having a

double blood supply, viz.,

from the neck distally,and

throughthemedium of the

ligamentum teres proxi-

mally. The circumfer-

ence of the head forms

a lip with a wavy outline,

more prominent above

and behind than in front.

The head is supported

by a stout compressed

bar of bone, the coUuni
femoris (neck), which

forms with the proxi-

mal end of the body
an angle of about 125

degrees, and is directed

proximally, medially, and
a little forwards. Its

vertical width exceeds its

antero-posterior thickness.

Constricted about its

middle, it expands medi-

ally to support the head,

whilst laterally, where it

joins the shaft, its vertical

diameter is much in-

creased. Anteriorly it is

clearly defined from the

shaft by a rough ridge

which commences above

on a prominence, some-

times called the tubercle

of the femur, and passes

obliquely downwards and
medially. This constitutes

the upper part of the

linea intertrochanterica

(intertrochanteric line), and

serves for the attachment

of the ilio- femoral liga-

ment of the hip -joint.

Posteriorly, where the neck

unites with the body,

there is a full rounded

ridge passing from the

trochanter major proxi-

mally to the trochanter

minor distally ; this is

the crista intertrochan-

terica (intertrochanteric crest). A little proximal to the middle of this ridge there is

usually a fulness which serves to indicate the proximal limit of attachment of the

quadratus femoris muscle, and is called the tubercle for the quadratus. Laterally the

Adductor
tubercle

Medial
epicondyle

Medial
CONDYLE

Surface for

attachment
of posterior
cruciate ligament

Fia.

Media L

EPICONDYLIC LINE

Lateral epicondylic line

Popliteal plane

IjATEKAL epicondyle

.Surface for attaclinient of

ant. cruciate ligament

Lateral condyle

Intercondyloid fossa

2.38.—The Right Femur seen from behind.
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neck is embedded in the medial suid'ace of the tro-

chanter major, Ity which, at its up})er aud dorsal

part, it is tc» some extent tnerhunif. Here is situ-

ated the trochanteric fossa, into which the tendon of

the oliturator externus is inserted. Passing nearly

horizontally across the l)ack of the neck there is a

faint groove leading into this depression ; in this

the tendon of the obturator externus muscle lies.

Distally the neck becomes continent with the tro-

chanter minor behind, and is continuous with the

medial surface of the boely in front. The neck is

pierced by many vascular canals, most numerous at

the proximal and dorsal part. Some are directed

proximally towards the head, whilst others pass

in the direction of the trochanter major.

The trochanter major (greater trochanter) is

a lar^e quadrangular process which caps the proxi-

mal and lateral part of the body, and overhangs
the root of the neck above and behind. Its lateral

surface, of rounded irregular form, slopes up-

wards and medially, and is separated from the

lateral surface of the liody distally by a more or

less horizontal ridge. Crossing it obliquely from
the posterior superior to the anterior inferior angle

is a rough line which serves for the insertion of the

)liTtRATOR E-XTERKUS

OBTfRATOB INTBRNUg

Pit fOR /yi.
I.!'- Tl.-1-V>

Neck

Trochanteric kossa

Intertrochahteric crest

Lesser trochanter

Greater
trochanter

Spiral line

Pectineal line

Gluteal
Tl herositv

Arterial foramen

LiNEA ASI'ERA

Fig. 240.

—

Dorsal View of the Proximal P.\rt ok
THE Right Femdr.

Fig. 239. — Dor.sal Aspect ok ihk

Proximal Portion of the Right
Femcb with the Attachments ok
Muscles mapped oit.

glutseus medius muscle ; both

proximal and distal to this the

surface of the bone is smoother

and is overlain by bursiij. The
ventral surface, somewhat oblong

in shape, and inclined obliquely

from below upwards and medi-

ally, is elevated from the general

aspect of the body, from which

it is separated in front by

an oblique line leading upwards

and medially to the tubercle at

the upper end of the superior

part of the intertrochanteric

line. This surface .serves for the

insertion of the glutceus mini-

mus. The superior border is

curved and elevated ; into it

ate inserted the tendons of the

obturator iuternus and gemelli

muscles medially and in front,

and the piriformis muscle above

and behind. The dorsal border

is thick and rounded, and forms

the upper part of the inter-

trochanteric crest. The angle

formed by the superior and
dorsal borders is sharp and
pointed, and forms the tip of

the ti:ochanter overhanging the

trochanteric fossti, which lies

immediately below and medial

vto its medial surface.

16
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The lesser trochanter (trochanter minor) is an elevated pyramidal process

situated at the dorsal side of the medial and proximal part of the body, where that
becomes continuous with the distal and dorsal part of the neck. Confluent
above with the intertrochanteric crest, it gradually fades away into the dorsal

aspect of the body below. The combined tendon of the ilio-psoas is inserted into

this process and into the bone immediately below it.

The body (corpus femoris), which is characterised by its great length, is cylin-

drical in form. As viewed from the front, it is straight or but slightly curved ; as

seen in profile, it is bent forwards, the curve being most pronounced in its proximal
part. The body is thinnest at some little distance proximal to its middle ; distal

to this it gradually increases in width to support the condyles ; its antero-

posterior diameter, however, is not much increased distally. Its surfaces are

generally smooth and rounded, except behind, where, running longitudinally

along the centre of its curved dorsal aspect, there is a rough-lipped ridge, the
linea aspera. Most salient towards the middle of the body, the linea aspera

consists of a medial lip and a lateral lip, with a narrow intervening rough
surface. Proximally, about 2 to 2h inches from the trochanter minor, the linea

aspera is formed by the convergence of three hnes. Of these the lateral is a rough,

somewhat elevated ridge, called the gluteal tuberosity which commences proxim-
ally, on the back of the body, lateral to and on a level with the trochanter minor,
and becomes continuous distally with the lateral lip of the linea aspera. This
serves for the bony insertion of the glutseus maximus, and is occasionally de-

veloped into an outstanding process called the trochanter tertius. The medial
lip of the linea aspera is confluent proximally with a line which winds round
the body proximally and forwards, in front of the trochanter minor, to become
continuous with the intertrochanteric line (see p. 240). The whole consti-

tutes what is known as the spiral line, and extends from the anterior part of

the trochanter major proximally to the linea aspera distally. Intermediate in

position between the spiral line in front and medially, and the gluteal ridge

laterally, there is a third line, the pectineal line, which passes distally from
the trochanter minor and fades away into the surface between the two lips of

the linea aspera. Into this the pectineus muscle is inserted. About the junction
of the middle with the distal third of the body the two lips of the linea aspera

separate from one another, each passing in the direction of the epicondyle of the
corresponding side. The lines so formed are called the medial and lateral epi-

condylic lines, respectively, and enclose between them a smooth triangular area

corresponding to the* back of the. distal third of the body ; this, called the planum
popliteum (popliteal surface), forms the floor of the proximal part of the popliteal fossa.

The continuity of the proximal part of the medial epicondylic hne is but faintly

marked, being interrupted by a wide and faint groove along which the popliteal artery

passes to enter the fossa of that name. Distally, where the line ends on the proxi-

mal and medial surface of the medial epicondyle, there is a little spur of bone
called the adductor tubercle, to which the tendon of the adductor magnus is attached,

and Ijehind which the medial head of the gastrocnemius muscle takes origin.

The linea aspera affords extensive linear attachments to many of the muscles of the thigh.

The vastus medialis arises from the spiral line pi'oximally and the medial lip of the linea aspera
distally. This muscle overlies but does not take origin from the medial as])ect of the body.
The adductor longus is inserted into the medial lip about the middle thii-d of the length of the
body. The adductor magnus is inserted into the intermediate jjart of the line, extending to

the level of the trochanter minor, where it lies medial to the insertion of the glutseus maximus.
Distally, its insertion passes on to the medial epicondylic ridge, reaching as far as the adductor
tubercle. The adductor brevis muscle is inserted into the linea aspera proximally, between the
pectineus and adductor longus muscles medially and the adductor magnus laterally. Distal to

the insertion of the glutaeus maximus the short head of the biceps arises from the lateral lip as well
as from the lateral epicondylic line ; in front these also serve for the Origin of the vastus lateralis

muscle. There is frequently a small tubercle which marks the distal attachment of the lateral

intermuscular septum on the lateral condylic line, aljout two inches from the condyle.
Immediately proximal to this there is often a groove for a large muscular artery which jiierces

the septum at this point (Frazer).

The canals for the nutrient arteries of the body, which have a proximal direction, are usually
two in number, and are placed on or near the linea aspera—the proximal one about the level of the
Junction of the middle and proximal third of the bone, the distal some three or four inches distal
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Addictor
MAONfS

to this—usually on the medial side of the bmly, iniincdiately in fronl ut tiie medial lip of the

linea aspera.

The anterior tiud lateral aspects of the body are covered by, and furnish surfaces

for, the origins of the vastus lateralis and vastus intermedins. The medial asjtect is

covered by the vastus medialis.

The distal extremity of the femur comprises the two condyles and epicon-

dyles. The condyles are two recurved processes of bone, each provided with an
articular surface, and separated behind by a deep
intercondyloid fossa. United in front, where their

combined articular surfaces form an area on which
the patella rests, the two condyles differ from each

other in the following respects : If the body of the

bone is held vertically, the medial condyle is seen

to reach a more distal level than thu lateral ; but,

as the femur lies obliquely in the thigh, the con-

dyles are so placed that their distal surfaces lie in

the same horizontal plane. Viewed on their distal

aspect, the medial condyle is seen to ])e the

narrower and shorter of the two. The lateral

condyle is broader, and advances farther forward

and to a more proximal level on the anterior sur-

face of the shaft. The intercondyloid fossa reaches

Medial
head ok ga
TROCNEMir

I.ATERAI.
HEAD OF OAS-
TR0CNBMIU8

Posterior cruciate Anterior criciate
lioament ligament

Fig. '241.

—

Fusteriok Aspect ok Distal
Portion ok the Right Femur with forwards as far as a transverse line drawn through
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formed by the medial and lateral surfaces of the

lateral and medial condyles respectively, the latter being more deeply excavated,

and displaying an oval surface near its distal and anterior part for the attachment
of the posterior cruciate ligament of the knee-joint. On the posterior and proximal
part of the medial surface of the lateral condyle there is a corresponding surfjice for

the attachment of the anterior cruciate ligament. The floor of the notch, which is

pierced by numerous vascular canals, slopes proximally and
tlorsally towards the popliteal surface on the back of the

body, from wiiich it is separated by a slight ridge (linea inter-

condyloidea) to which the posterior part of the capsule of the

knee-jniut is attached.

Epicondyles.—The cutaneous aspect of each condyle (i.e.

the lateral surface of the lateral condyle and the medial

surface of the medial condyle) presents an elevated rough
surface called the epicondyle, the medial (epicondylus medialis)

projecting more prominently from tlu: line of the body ; capped
}»roximally by the adductor tubercle, it affords attachment
near its most prominent point to the

fibres of the tibial collateral ligament of

the knee-joint. The epicondylus lateralis

(lateral epicondyle), less pronounced
and lying more in line with the lateral

surface of the body, is channelled behind
by a curved groove, the distal rounded
lip of which serves to separate it from
the distal articular surface. This groove
ends in front in a pit which is placed

just distal to the most salient point of the

tuberosity ; hereto is attached the tendon of the popliteus muscle, which, in the

extended position o^ the joint, overlies the distal lip of the groove, which is often

indented for it, but slips into and occupies the groove when the joint is flexed.

Dorsal to the most prominent part of the lateral epicondyle, and just proximal to

the pit for the attachment of the popliteus, the fibular collateral ligament of the

knee-joint is attached, whilst proximal to that there is a circumscriljed area f<»r

the origin of the tendinous part of the lateral head of the gastrocnemius muscle.

Surface for the
attacliiiieut of.

tlie libular col-

lateral ligament

Groove for

tendon of

popliteus

Fig. 242.--DisTAi. End ok thk Jiiiiiir FEMiit

(Lateral Side).
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The articular surface on the distal extremity is divisible into three parts

—

that which corresponds to the distal surface of the body and is formed by the

coalescence of the two condyles in front ; and those which overlie the distal and

posterior aspects of each of those processes. The former is separated from the latter

by two shallow oblique grooves which traverse the articular surface from before

backwards, on either side, in the direction of the anterior part of the intercondyloid

fossa. These furrows are the impressions in which fit the anterior parts of the

medial and lateral menisci of the knee-joint, respectively, when the knee-joint

is extended. The anterior articular area or patellar surface is adapted for

articulation with the patella. Convex proximo-distally, it displays a broad and
shallow central groove, bounded on either side by two slightly convex surfaces.

Of the two sides, the lateral is the wider and more prominent, and rises on the

front of the bone to a more proximal level than the medial, thus tending to

prevent lateral dislocation of the patella. The condylar or tibial surfaces are convex

from side to side, and convex from before backwards. Sweeping round the distal

surface and posterior extremities of the condyles, they describe a spiral curve more
open in front than behind. The medial condylar articular surface is narrower

than the lateral, and
when its distal aspect is

viewed it is seen to de-

scribe a curve around a

vertical axis. Along the

lateral edge of this, and
in front, where it bounds

the intercondyloid fossa, is

a semilunar articular area,

best seen when the bone

coated with cartilage.

Patellar surface

POPLITEAI
GROOVI;

Impression
of medial
meniscus

Semilunar facet

for medial edge
of patella in

extreme flexion

Medial
tibial surface

IS

Lateral
TIBIAL SCEFACE

Lateral condyle

Iktercondyloid fossa

Medial condyle

Surface of attachment of posterior

cruciate ligament
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Distal Aspect ok Distal End of the Right Femcr.

This articulates with the

medial edge of the patella

in extreme flexion of the

joint. The articular sur-

face of the lateral con-

dyle is inclined obliquely from before backwards and slightly laterally. The

surfaces of the condyles proximal to the articular area posteriorly are continuous

with the popliteal surface of the shaft. The area from which the medial head of the

muscle springs is often elevated in the form of a tubercle placed on the distal part

of the popliteal surface of the body, just proximal to the medial condyle.

The proportionate length of the femur to the body height is as 1 is to 3 -53-3 '9 2.

Arterial Foramina.—Numerous vascular canals are seen in the region of the neck, at

the bottom of the trochanteric fossa, in the fossa for the ligaraentitm teres, on the inter-

trochanteric crest, and on the lateral surface of the greater trochanter. The nutrient arteries for

the body pierce the bone in a proximal direction on or near the linea aspera. Both the back

and the front of the distal end of the liody display the openings of numerous vascular canals,

and the floor of the intercondyloid fossa is also similarly pierced.

Connexions.—The femur articulates with tbe hip bone proximally and the tibia and patella

distally. The lateral surface of the greater trochanter determines the point of greatest hip width

in the male, being covered only by the .skin and superficial fascia and the aponeurotic insertion of

the gluteeus maximus. In the erect position the tip of the trochanter corresponds to the level of

the centre of the hip-joint. When the thigh is flexed the trochanter major sinks under cover

of the anterior fibres of the glutseus maximus. In women the hip width is usually greatest at

some little distance distal to the trochanter, due to the accumulation of fat in this region. The

body of the bone is surrounded on all sides by muscles. Its forward curve, however, is account-

able to some extent for the fulne.S3 of the front of tlie thigh. T}i,e exposed surfaces of the condyles

determine to a large extent the form of the knee. In flexion the articular edges can easily be

recognised on either side of and distal to the patella.

Sexual Differences.—According to Dwight, the head of the femur in the female is propor-

tionately smaller than that of the male.

Ossification.—The body begins to ossify early in the second month of foetal life, and at

birth displays enlargements at both ends, which are capped with cartilage. If at birth the

distal cartilaginous end be sliced away, a small ossific nucleus for the distal epiphysis will

usually be seen. This, as a rule, makes its appearance towards the latter end of the ninth
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Appears about
parly part of

tlrst year

Fuses with slittfl

about 18-ly years

month of foetal life, and is of service fifem a niedico-legal standpoint in detonniniiig tlie a"e
of the fa'tns. Accordinjj; to Hartman, it is absent in about 12 per cent, of children at
term, and may appear as early as the eighth month of foetal life in about 7 per cent. The
proximal extremity, entirely

cartilaginous at birth, com-
prises the head, neck, and
ti'ochanter major. A centre

appears for the head during

the early part of the first

year. It is worthy of note §
that this epiphysis has a g
double blood -supply— one

through the neck, the other

through the ligaftientum

teres. That for the tro-

chanter major begins to

ossify about the second or

third year, whilst the neck

is developed as a proximal

extension of the body, which
is, however, not confined to

the neck alone, but forms

the distal circmuference of

the articular head, as may
be seen in bones up to the

age of twelve or sixteen

;

after that, the separate epi-

physis of the head begins to

overlap it so as to cover it

entirely when fusion is com-
plete at the age of eighteen

or twenty.

The epiphysis of the greater trochanter unites with the body and neck about eighteen or

nineteen, whilst the epiphysis for the trochanter minor, which usually makes its appearance
about the twelfth op- thirteenth year, is usually completely fused with the body about
the age of eighteen. The epiphysis for the distal end, although the first to ossify, is not
completely united to the body until from about the twentieth to the twenty-second vear.

It is worthy of note that the line of fusion of the body and distal epiphysis passes
through the adductor tubercle, a point which can easily be determined in the livino'.

The distal end is the so-called "growing end of the bone."

Usually appears i

the 0th month of
foetal life

At birth.

Fuses with shaft abotr

About 12 years. About 16 years.

Fig. 244.
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Ossification of the Femuk.

The Patella.

The patella, the largest of the sesamoid bones, overlies the front of the knee-
joint in the tendon of the quadriceps extensor. Of compressed form and
somewhat triangular shape, its distal angle forms a peak, called the apex
patellae, whilst its proximal edge, or base (basis patellae), broad, thick, and
sloping forwards and a little distally, is divided into two areas by a transverse
line or groove ; the anterior area so defined serves for the attachment of the
common tendon of the quadriceps extensor muscle, whilst the posterior, of com-
pressed triangular shape, is covered with synovial membrane. The medial and lateral

borders, of curved outline, receive the insertions of the vastus medialis and lateralis

muscles, respectively, the attachment of the vastus medialis being more extensive
than that of the vastus lateralis. The anterior siirface of the bone, slightlv convex
in both diameters, has a fibrous appearance, due to its longitudinal striation, and
is pierced here and there by the openings of vascular canals. Oftentimes at the
superior lateral angle there is a well-defined area for the tendinous insertion of the
vastus lateralis. The posterior or artictdar swrface is di^dded into two unequal
parts (of which the lateral is the wider) by a vertical elevation which glides in the
furrow of the patellar surface of the femur, and in extreme flexion passes to occupy
the intercondyloid fossa. The lateral of the two femoral surfaces is slightly concave
in both its diameters; the medial, though slightly concave proximo -distally, is
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Fig. 245,

A. Anterior Surface.

Surface for the ligainentum patellse

-The Right Patella.

B. Posterior Surface.

usually plane, or somewhat convex transversely. Occasionally, in the macerated
bone, indications of a third vertical area are to be noted along the medial edge of

the posterior aspect. This defines the part of the articular surface which rests on
the lateral border of

Lateral articular facet
^|^g medial COudylc in -

extreme flexion. In
the recent condition,

when the femoral sur-

face is coated with
cartilage, a more com-
plex arrangement of

facets may be in some
cases displayed (as in-

dicated in Fig. 244).

Lamont (Journal of
Anat. and Physiol.,

1910, vol. xliv. p. 149)
has shown that these

areas undergo con-

siderable variation in

their arrangement in races who habitually adopt the squatting posture.
Distal to the femoral articular area the posterior surface of the apex is rough

and irregular
; the greater part of this is covered with synovial membrane, the liga-

mentum patellae being attached to its summit and margins, reaching some little

distance round the borders on to the anterior aspect of this part of the bone. .

Ossification.—The patella is laid down in cartilage about the third month of foetal

life. At birth it is cartilaginous, and the tendon of the quadriceps is continuous.with the
ligamentum patellae over its anterior surface, and can easily be dissected off. About the
third year an ossific centre appears in it and spreads more particularly over its deeper surface.

Two centres, vertically disposed, have also been described. Ossification is usually com-
pleted by the age of puberty.

The Tibia.

The tibia is the niedial, bone of the leg. It is much stouter and stronger than its

neighbour the fibula, with which it is united proximally and distally. By its

proximal expanded ex-
t-rpnn't-v ii- Qin-,r>nvfa f>ia Surface for attachment of antciior Tuberosity (O.T. Tubercle)
Cremity it SUppOltS tne extremity of n.pdial mon.scus

condyles of the femur, Anterior cruciate ligament

while distally it shares EMiNENTra-
^, „ ''

.

„ , INTERCONDYLOIDPA^m the tormation oi the

ankle-joint, articulat-

ing with the proximal
surface and medial side

of the talus.

The proximal ex-

tremity comprises the

medial and lateral con-

dyles (O.T. tuberosities),

the intercondyloid emi-

nence (O.T. spine), and
the tuberosity.

Each condyle is

provided on its ]3i't)ximal aspect with an articular surface (facies articularis

superior), which supports the corresponding femoral condyle, as well as the

interposed meniscus. Of these two condylic surfaces the medial is the larger. Of
oval shape, its long axis is placed antero-posteriorly ; slightly concave from before

backwards and from side to side, its circumference rises in the form of a sharp and
well-defined edge. The lateral condylic surface is smaller and rounder. Slightly

concave from side to side, and gently convex from before backwards, its circumfer-

Surf. for attachment
of ant. extremity of
lateral meniscus

Synovial coveui
SURFACE

Surface for attach, of post.

extrem. of medial iiKiiiiscus

I'll.STERlOB inter-
condyloid FOSSA

.Post, cruciate lie

face for attach, of
post, extremity of
lateral meniscus

Fig. 246. -Thk Proximal Suhkace ok the Proximal Extremity
OK thk Right Tibia.
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eiufe is well detiued iu t'ruut, but iS;

the convexity of its posterior part.

Between the two condylic surfaces

the bone is raised in the centre

to form the intercondyloid eminence

whicli consists of two intercondyloid

tubercles separated by an oblique

groove, in the anterior part of whicli

lies the anterior cruciate ligament.

The metlial tubercle (tuberculum

intercondyloideum mediale), the

higher, i.s |irolonged backwards and
laterally by an oblique ridge to

which part of the posterior cornu

of the lateral meniscus is attached.

The lateral tubercle (tuberculum

intercondyloideum laterale) is more
pointed and notsoelevated. In front

of and behind the intercondyloid

eminence tlie articular areas are

separated by two irregular V-shaped
surfaces, the intercondyloid fossae.

The anterior intercondyloid fossa,

the larger and wider, furnishes areas

for the attachment of the menisci on
either side, and for the anterior

cruciate ligament immediately in

front of the intercondyloid emin-
ence. The floor of this space is

pierced by many nutrient foramina.

The posterior intercondyloid fossa is

concave from side to side, and
slopes downwards and backwards.

The lateral meniscus is attached

near its apex to a surface which
rises uu to the back of the inter-

condyloid eminence ; the medial
meniscus is flxed to a groove which
runs along its medial edge^ and the

posterior cruciate ligament derives

an attachment from the smooth
posterior rounded surface.

The lateral condyle is tlie

smaller of the two. It overhangs
the Vtody to a greater extent than
the medial, though this is obscured

in the living by its articulation

with the fibula. The facet for the

fibula, often small and indistinct,

is placed postero- laterally on the

distal surface of its most projecting

part. Antero-lateraUy the imprint

caused by the attachment of the

trachis iliotibialis (O.T. ilio-tibial

band) is often quite distinct. Curv-
ing distally and forwards from the

fibular facet there is often a definite

ridge for the attachment of the

expansion of the biceps tendon

;

rounded off behind, thus markedly increasing

Tntctus ilidtlbialjr,
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distal to this the areas for the origins of the perouteus longiis and extensor digitorum

longus are often crisply defined. The circumference of the medial condyle is grooved

postero-medially for the insertion of the tendon of the semi-membranosus.

In front of the condyles, and about an inch distal to the level of the condylic sur-

faces, there is an oval elevation called the tuljerosity of the tibia. The proximal

half of this is smooth and covered by a bursa, while the distal part is rough and

serves for the attachment of the hgamentum patellae.

Considered in its entirety, the proximal extremity of the tibia is broader

transversely than antero-posteriorly, and is inclined backwards so as to overhang

the shaft posteriorly.

The corpus tibiae (body) is irregularly three-sided, possessing a medial, a

lateral, and a posterior surface, separated by an anterior crest, a medial margin, and

a lateral or interosseous crest. It is narrowest about the junction of its middle

and distal thirds, and expands proximally and distally to support the extremities.

Eunning along the front of the bone there is a gently-curved, prominent margin,

the crista anterior, confluent proximally with the tuberosity, but fading away distally

on the anterior surface of the

distal third of the bone, where
it may be traced in the direc-

tion of the anterior border of

the medial malleolus. This

is the anterior crest or

shin, which is subcutaneous

throughout its entire length.

To the medial side of this is

a smooth, slightly convex
semitendinosus surface, which reaches the

medial condyle proximally,

and distally becomes con-

tinuous with the medial sur-

face of the medial malleolus.

This is the medial or sub-

cutaneous surface of the body,

which is covered only by skin

and superficial fascia, except

in its proximal fourth, where
the tendons of the sartorius, gracilis, and semitendinosus muscles overlie it, as

they pass towards their insertions. This surface is limited posteriorly by the

medial margin, which passes from the medial and distal surface of the medial

condyle proximally to the posterior border of the medial malleolus distally. This

margin is rounded and indefinite proximally and distally, being usually best

marked about its middle third. To the lateral side of the anterior crest is the

lateral surface of the bone ; it is limited behind by a straight vertical ridge, the

crista interossea (interosseous crest), to which the interosseous membrane, which
occupies the interval between the tibia and the fibula, is attached. This ridge

commences near the middle of the lateral and distal surface of the lateral condyle,

and terminates about two inches from the distal extremity by dividing into two
linesi, which separate and enclose between them the surface for articulation with
the distal end of the fibula, and the area of attachment of the interosseous

ligament, which here unites the two bones. ^ In its proximal two-thirds the

lateral surface provides an extensive origin for the tibialis anterior. Distally,

where the anterior crest is no longer well defined, the lateral surface turns

forwards on to the front of the body, and is limited by the anterior margin
of the distal articular surface. Over this the tendon of the tibialis anterior,

and the combined fleshy and tendinous parts of the extensor hallucis proprius

and extensor digitorum longus muscles pass obliquely distally. The posterior

surface of the body lies between the interosseous crest laterally and the medial

margin on the medial side. Its contours are liable to considerable variation

according to the degree of side to side compression of the bone. It is usually full

Fig. 248.

—

Anteukjr aspect of the Proximal Portions of the
Bones of the Right Leg with Attachments of Muscles
MAPPED out.
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and rounded proxiinally, and flat distally. Proxinially it is crossed by the

linea poplitea. (popliteal line), which runs distally and medially, from the fibular

facet to the medial border on a level with the junction of the middle with
the proximal third of the body. To this line tlie deep transverse fascia is

attached, whilst distal to it, as well as from the medial border of the bone
distally, the soleus muscle takes origin. Into the bulk of the triangular area
proximal to it the popliteus muscle is inserted. Arising from tlie middle of the

popliteal line there is a vertical ridge, which passes distally and divides the

posterior aspect of the body into two surfaces—a lateral for the tibial origin of

the tibialis posterior muscle, and a medial for the flexor digitorum longus muscle.

The distal third of this surface of the body is free from muscular attachments,
but is overlain by the tendons of the aljove muscles, together with that of the flexor

hallucis longus. A large nutrient canal, having a distal direction, opens on the

posterior surface of the l)0(ly a little distal to the popliteal line and just lateral

to the vertical ridge which springs from it.

The distal extremity of the tibia displays an expanded quadrangular form.

It is furnished with a saddle-shaped articular surface on its distal surface (fades

articularis inferior), which is concave from before backwards and slightly convex
from side to side. This rests upon the upper articular surface of the body
of the talus, and is bounded in front and behind by well-defined borders. The
anterior border is the rounder and thicker, and is oftentimes channelled by a

groove for the attachment of the anterior ligamen t of the joint ; further, it is occa-

sionally provided with a pressure facet caused by the locking of the bone against

the neck of the talus in extreme flexion. Laterally the edge of the articular area

corresponds to the base of the triangle formed by the splitting of the interosseous

ridge into two parts. Where these two lines join it, both in front and behind, the

bone is elevated into the form of tubercles, in the hollow between which (incisura

fibularis) the^ distal end of the fibula is lodged, being held in position by powerful
ligaments. The cartilage-covered surface occasionally extends for some little

distance proximal to the base of the triangle. Medially there is a process projecting

distally, and called the medial malleolus, the medial aspect of which is subcutaneous
and forms the projection of the medial ankle. Its lateral surface is furnished

with a piriform facet (fades articularis malleolaris), confluent with the cartilage-

covered area on the tarsal surface of the distal extremity ; this articulates with a

corresponding area on the medial surface of the body of the talus. Distally

the malleolus is pointed in front, but notched behind for the attachment of the

deltoid or tibial collateral ligament of the ankle. Running obliquely along the

posterior surface of the malleolus there is a broad groove (sulcus malleolaris) in which
the tendons of the tibialis posterior and flexor digitorum longus muscles are

lodged ; whilst a little to the fibular side of this, and running distally over

the posterior surface of the distal extremity of the bone, there is another groove,

often faintly marked, for the lodgment of the tendon of the flexor hallucis longus
muscle.

The proportionate length of the tibia to the body height is as 1 is to 4'32-4-80.

Arterial Foramina.—Nutrient canals are seen piercing the proximal extremity of the bone
around its circunit'erence and proximal to the tuberosity. The floors of the intercondyloid fossae

are also similarly pierced, and there is usually a canal of large size opening on the summit of

the intercondyloid eminence. Two or three foramina of fair size are seen running pruximally
into the substance of the bone a little distal to and to the medial side of the tuberosity, while the
principal vessel for the Viody passes distally into the bone on its posterior surface, about the
level of the junction of the proximal and middle thirds. The medial surface of the medial
malleolus, as well as the anterior and posterior borders of the distal extremity, are likewise
pitted by the orifices of small vascular channels.

Connexions.—Proximally the tibia supports the condyles of the femur, and is connected in

front with the patella by means of the patellar ligament. Articulating laterally with the fibula

proximally and distally, it is united to that bone tTiroughout nearly its entire length by the inter-

osseous membrane. The anterior crest and medial surface can be readily examined, as they are

subcutaneous, except proximally, where the medial surface is overlain by the thin tendinous
aponeuroses of the muscles passing over the medial side of the knee. The form of the distal part
of the knee in front is determined by the condyles on eitlier side crossed centrally by the Hga-
mentum patellae. Distally the medial malleolus forms the projection of the medial ankle, which
is wider, not so low, less pointed, and extends further forwards than the projection of the lateral
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ankle. The front and back of the distal end of" the bone are crossed by tendons, which mask
to a certain extent its form.

Ossification.—The body begins to ossify early in the second month of intra-uterine

life. At birth it is well formed, and capped proximally and distally by pieces of cartilage,

in the proximal of which the centre
Fuses with shaft about 20-24 years

May appear
Appears independently
before birth about 11 a ears

Appears about li years

Fuses about ISth yeai

At birth. About 12 years. About 16 year.'

Fig. 249.

—

Ossification of the Tibia.

for the proximal epiphysis has al-

ready usually made its appearance.

From this the condyles and tuber-

osity are developed, though some-
times an independent centre for the

latter appears about the eleventh

or twelfth years, rapidly joining with
the already well-developed mass of

the rest of the epiphysis. Complete
fusion between the proximal epi-

physis and the body does not take

place until the twentieth or the

twenty-fourth year. The centre for

the distal articular surface and the

medial malleolus makes its appear-

ance about the end of the second

year, and union with the shaft

is usually complete by the age of

eighteen. Lambertz notes the occa-

sional presence of an accessory

nucleus in the malleolus. The prox-

imal end is the so-called "growing
end of the bone."

The Fibula.

The jBbula is a slender bone with two enlarged ends. It lies to the lateral

side of the tibia, with which it is firmly united by ligaments, and nearly equals that

bone in length.

The first difficulty which the student has to overcome is to determine which is the proximal
and which the distal extremity of the bone. This can easily be done by recognising the fact that
there is a deep pit on the medial aspect of the distal extremity immediately behind the triangular

articular surface. Holding the bone vertically with the distal extremity downwards and so

turned that the triangular articular area lies in front of the notch already spoken of, the

subcutaneous non-articular aspect of the distal extremity will point to the side to which the

bone belongs

The proximal extremity or head of the fibula (capitulum fibulae), of irregular

rounded form, is bevelled on its medial surface so as to adapt it to the form of the

distal surface of the lateral condyle of the tibia. At the border where this

surface becomes confluent with the lateral aspect of the head there is a pointed

upstanding eminence called the apex capituli fibulae ; to this the short fibular

collateral ligament is attached, as well as a piece of the tendon of the biceps,

which is inserted into its anterior part. Immediately to the medial side of this,

and occupying the summit of the medial sloping surface, there is an articular area

(facies articularis capituli), of variable size and more or less triangular shape. This
area articulates with the lateral condyle of the tibia. The long fibular collateral

ligament, together with the remainder of the tendon of the biceps muscle which
surrounds it, is attached to the lateral and proximal side of the head in front

of the apex capituli. On the front and the back of the head there are usually

prominent tubercles. The anterior of these is associated with the origin of the

peronjBus longus muscle ; the posterior furnishes an origin for the proximal fibres

of the soleus, and serves to deepen the groove, behind the proximal tibio-fibular

joint, in which the tendon and fleshy part of the popliteus muscle play.

The constricted portion of the body distal to the head is often referred to as

the neck ; around the lateral side of this the common peroneal nerve winds.
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'J'he body of the fibula (corpus : fibulae) presents many varieties in the details

of its shape and form, being ridged and channelled in such a way as greatly
to increase the difficulties of the student in recognising the various surfaces

described. It is described as

possessing three surfaces, named
the lateral, the inedial, and the

l>OHterior. The surfaces are separ-

ated from one another by three

borders or crests, named medial,

lateriil, and anterior; and, in

addition, the medial surface is

traversed longitudinally by a

ridge called the Interosaeoun credit,

which divides it into an anterior

and a posterior part. The most
important point is first to de-

termine the position of the
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Right Fibdla as
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posterior part of the medial
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anterior crest. If the bone is held in the position which
it normally occupies in the leg, it will be noticed that
the lateral surface of the distal extremity is limited in

front and behind by two lines, which converge
and enclose between them a triangular subcutaneous area
which lies immediately proximal to the lateral malleolus.

From the summit of the triangle so formed a well-

defined ridge may be traced along the front of the body to

reach the anterior aspect of the head. This is the anterior

crest.

The interosseous crest, so named because the inter-

osseous membrane is attached to it, is the ridge which
lies just medial to the anterior crest, or towards the
tibial side on the anterior aspect of the bone. It is not
so prominent as the anterior crest, and it extends from
the neck of the bone to the apex of a rough triangular

impression that lies proximal to the articular surface

on the medial aspect of the distal end. The interval

between the anterior and interosseous crests is the
anterior part of the medial surface. This interval is, as

a rule, of considerable width in the distal half of the

bone, but the two crests tend to run much closer

together proximally ; indeed, it is not uncommon to

find that they coalesce to form a single crest.

The posterior part of the medial surface is the

elongated area behind the proximal three-fourths or

four-fifths of the interosseous crest. It is limited

posteriorly by the medial crest, a sharp, salient ridge,

which commences at the medial margin of the posterior

aspect of the head, but does not reach the distal end of

the bone ; for the distal end of the medial crest curves

forwards and joins the interosseous crest about three or

four inches from the distal extremity of the body

;

therefore, the posterior part of the medial surface is not

represented in the distal part of the body. On the

proximal third of this surface there is frequently found

an oblique ridge which begins near the interosseous

crest at the level of the neck and extends distally and
backwards to join the medial crest. When the proximal

part of the medial crest is indistinct this ridge may be

mistaken for it.

The lateral surface, which is separated from the

medial surface by the anterior crest, is often hollowed

out in its middle part, and it is twisted, so that its

proximal part is directed somewhat forwards, while its

distal part turns backwards and becomes continuous

distally with the broad, shallow groove which occupies

the posterior surface of the lateral malleolus. The
lateral surface is limited posteriorly and separated from

the posterior surface of the body by the lateral crest,

which is usually sharp and well defined except at its

extremities, where it tends to become smooth and
rounded. Its proximal end joins the head distal to and

in front of the apex capituli, and terminates distally at

a point just proximal to the pit on the medial surface

of the distal extremity. In its proximal third or

fourth the lateral crest is often rough where fibres of

the soleus muscle arise from it.

The posterior surface forms the remainder of the
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boily. It is tlie district bduiided laterally by tlu'. lateral crest aud medially by
the medial crest and the distal fourth or fifth of the interosseous crest. It is

twisted in the Humede^'ree as the lateral surface ; and, therei'ore, while its proximal

part is directed backwards, its distal part is directed medially and is in line with

the medial surface of the malleolus. The Jiutrient foramen is situated on the

posterior surface, at or near tlie middle of th(^ body near the medial crest, and
is directed towards the distal end of the bone.

The anterior crest gives attachment to the anterior intermuscular septum, and,

at its distal end, to the ligamentum traiisversum cruris, while the posterior inter-

muscular septum is attached to the lateral crest. These septa »Miclose the peroneus

lougus and brevis muscles, which arise iiom the lateral or peroneal anrface, and
separate them iiom the muscles on the front and the })ack of the leg. 'J"he inter-

osseous membrane is attached to the whole length of the interosseous crest. The
anterior part of the medial surface provides origin for the extensor halluciis, the

extensor digitorum longus and the peroneus tertius; while the tibialis posterior

arises from tlie jwsterior part of the medial surface. The medial crest is the fibular

attachment of a strong sheet of fascia which covers the tibialis posterior, and
separates it from the flexors of the toes. The soleus nmscle arises from the

}>roximal third of the j^osterior surface, while the flexor hallucis longus takes

origin from its distal two-thirds.

The distal extremity of the fibula, or lateral malleolus, is of pyramidal

form. Its medial surface is furnished with a triangular articular area (fades

axticularis malleoli), plane from before backwards, and slightly convex proximo-

distally, which articulates with a corresponding surface on the lateral side of the

body of the talus. Behind this there is a deep pit, to which the posterior

talo-fibular ligament is attached. Proximal to the articular facet there is a rough

triangular area, from the summit of which the interosseous crest arises ; to this

are attached the strong fibres of the distal interosseous ligament which binds

together the opposed surfaces of the tibia and fibula. The lateral surface of the

distal extremity forms the elevation of the lateral malleolus which determines the

shape of the projection of the lateral ankle. Rounded from side to side and proximo-

distally, it terminates in a pointed process, which reaches a more distal level than

the corresponding process of the tibia, from which it also differs in being narrower

and more pointed and being placed in a plane nearer the heel. Proximally, this

surface, which is subcutaneous, is continuous with the triangular subcutaneous

area so clearly defined by the convergence of the lines which unite to form the

anterior crest. The anterior border and tip of the lateral malleolus furnish

attachments to the anterior talo-fibular and calcaneo - fibular ligaments. The
posterior surface of the lateral malleolus, broad proximally, where it is confluent

with the lateral or peroneal surface, is reduced in width distally by the presence

of the pit which lies to its medial side. This aspect of the bone is grooved (sulcus

malleolaris) by the tendons of the peronseus longus and brevis muscles, which
curve round the posterior and distal aspects of the malleolus.

The proportionate length of the fibula to the body height is as 1 is to 4-37-4"82.

Arterial Foramina.—Numerous minute vascular canals are seen piercing the lateral surface of

the head, and one or two of larger size are seen on the medial surface immediately anterior to the

Sro.xinial articular facet. The canal for the nutrient artery of the body, which has a distal

irection, is .situated on the posterior surface of the bone about its middle. The lateral

surface of the lateral malleolus displays the openings of many small canals, and one or two larger

openings are to be noted at the bottom of the pit behind the distal articular surface.

Connexions.—The head and lateral malleolus, and part of the Ixxly immediately proximal to

the latter, are subcutaneous. The remainder of the l)ody is covered on all sides by the muscles

which surround it. Proximally the l)one plays no part in the formation of the knee-joint, but

distally it assists materially in strengthening the ankle-joint by its union with the tibia and its

articulation with the talus. In position the bone is not parallel to the axis of the tibia, but

oblique to it, its proximal extremity lying posterior and lateral to a vertical line passing through

the lateral malleolu.-5.

Ossification.—The body begins to ossify about the middle of the second month of

foetal life. At the end of the third month there is but little difference in size between it

and the tibia, aud at birth the fibula is much larger in proportion to the size of the
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tibia than in the adult. Its extremities are cartilaginous, the distal extremity not being

as long as the medial malleolar cartilage of the tibia. It is in this, however, that an

ossific centre first appears about the end of the second year, which increases rapidly

in size, and unites with the body in about nineteen years. The centre for the proximal

epiphysis begins to ossify about the third or fourth year, and union with the body is

not complete until a period somewhat later than that for the distal epiphysis. The mode
of ossification of the distal extremity is an

Appears about xS^sv Fuses with shaft ,. ,,1. 1 ij.ij.-i_
3-4 years /^?^f^ about 20-24 years exception to the general rule that epiphyses

which are the first to ossify are the last to unite

with the body. This may possibly be accounted

for by the fact that the distal end is functionally more
important than the rudimentary proximal end, since in

man alone, of all vertebrates, does the lateral malleolus

reach beyond the level of the medial malleolus. Its

early union with the body is doubtless required to

ensure the stability of the ankle-joint necessitated

by the assumption of the erect position.

In its earlier stages of development it has been stated,

on the authority of Leboucq, Gegenbaur, and others, that

the fibula as well as the tibia is in contact with the femur.

This is, however, denied by Grimbaum (" Proc. Anat. Soc,"

Journ. Anat. and Physiol, vol. xxvi. p. 22), who states that

after the sixth week the fibula is not in contact with the

femur, and that prior to that date it is impossible to

dift'erentiate the tissue which is to form femur from that

which forms fibula.
Appears about

2nd year

At
birth.

Fuses with shaft
about 19 years

About About
12 years. 16 years.

BONES OF THE FOOT.

Fig. 253.
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Ossification of Fibula.

The bones of the foot, twenty-six in number, are arranged

in three groups : the tarsal, seven in number ; the meta-

tarsal, five in number ; the phalanges, fourteen in number.
Comparing the foot with the hand, the student will be

struck with the great j^'oportionate size of the tarsus as compared with the carj)us, and the

reduction in size of the bones of the toes as compared with the fingers. The size of the meta-
tarsal segment more nearly equals that of the metacarijus.

The Tarsus.
The tarsus consists of seven bones (ossa tarsi)—the talus or astragalus,

calcaneus, navicular or scaphoid, three cuneiforms, and the cuboid. Of irregular

form and varying size, they may be described as roughly cubical, presenting for

examination dorsal and plantar surfaces, as well as anterior, posterior, medial,

and lateral aspects.

The Talus.
The talus (O.T. astragalus) is the bone through which the body weight is

tran.smitted from the leg to the foot. Proximally the tibia rests upon it, whilst

on either side it articulates witli the medial and lateral malleolar processes of the

tibia and fibula respectively ; inferiorly it overlies the calcaneus, and anteriorly it

articulates with the navicular. For descriptive purposes the bone is divisible into

three j)arts— the corpus tali (body) blended in front with the collum tali (neck),

which supports the caput tali (head).

The dorsal surface of the body is provided with a saddle-shaped articular

surface (trochlea tali), broader in front than behind, for articulation with the distal

surface of the tibia. The medial edge of the trochlea is straight ; whilst the lateral

border, which is sharp in front and more rounded behind, is curved medially pos-

teriorly, where it is f)evelled to form a narrow, elongated, triangular facet, which
is in contact with the transverse or distal tibio-fibular ligament during flexion of

the ankle. (Fawcett, 7iVZ. Med. Journ., 1895.) Over the lateral border the cartilage-

covered surface is continuous laterally with an extensive area of the form of a

quadrant. This is concave from above downwards, and articulates with the medial
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surface of the lateral malleolus. The distal augle of this area is ]»roiiiinent and
somewhat everted, and sometimes referred to as the processus lateralis tali (lateral

process). The medial aspect of the body has a comma- shaped facet, confluent

with the dorsal articular surface, over the medial edge of the trochlea ; this

Surface of talus
for articulation

with tlbula

Cuboid

Surface of talus lor

iticulation witli tibia

Navicular

V. Metatarsal

Third "j

Second v Cuneiforms

First I

— I. Metatarsal

' J— Sesamoid bone

Third or terminal phalanx

Fxo. 254.—DoHSAL Sukface ok the Boxes of the Right Foot.

articulates with the lateral surface of the medial malleolus. Below this facet

the bone is rough and pitted by numerous small openings, and just below the tail

of the comma there is a circular impression for the attachment of the deep fibres

of the deltoid ligament (talo-tibial fibres). On the plantar surface of the body-

there is a deep concave facet, called the posterior calcanean facet (facies calcanea
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articularis posterior), which is of more or less oval or oblong form and is

placed obliquely from behind forwards and laterally ; this rests upon a corre-

sponding surface on the dorsal aspect of the calcaneus. In front of this, and crossing

the bone from the medial side laterally and forwards, is a deep furrow (sulcus tali),

Calcaneus

SCISTEKTACULUM TALI
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blue rests on the plauta

calcaneo-navicula
ligamen
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Fig. 25.').
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Plantar Surkace of the Bones of the Right Foot.

the floor of which is pierced by numerous large canals. It serves for the attach-

ment of the strong interosseous ligament which unites the talus with the calcaneus,

and separates the facet already described from a smaller oval articwlar area having
a slightly convex surface, which lies immediately in front of it. This is called

the middle calcanean facet (facies articularis calcanea media), and articulates with
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the dorsal surface of the sustentaculum tali of the calcaneus. Tosteriorly the

body is provided with two tu})ercles, sejiarated by a groove; tbe lateral of these

(processus posterior tali) is usually the larger, and is occasionally a separate ossicle

(OS trigonum). To it is attached the posterior talo-fibular ligament of the ankle-

joint. The groove, which winds obliquely from above downwards and medially

over the posterior surface of the bone, lodges the tendon of the flexor hallucis

longus muscle.

The head, of oval form, is directed forwards and medially. Its anterior surface
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.Muscle-Attachments to Left Tarsus and Metatarsus (Plantar Aspect).

is convex from side to side and from above downwards, and articulates with the

navicular bone (fades articularis navicularis). Inferiorly this surface is confluent

with the middle calcanean facet, but in well-marked specimens, or when the bones

are articulated, it will be seen that a small area in front of, and lateral to, the

middle calcanean facet rests upon an articular surface on the dorsal surface of the

anterior portion of the calcaneus, and is called the anterior calcanean facet (facies

articularis calcanea anterior). On the medial and plantar surface of the head there is

a cartilage-covured surface which does not articulate with any bone, but rests on

the dorso-lateral surface of the plantar calcaneo-navicular ligament, and is sup-

ported on the rfiedialside by the tendon of the tibialis posterior muscle. (Fawcett,

Ed. Med. Journ., 1895, p. 987.)

17
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The neck, best seen on dorsal surface, passes from the front of the body and

Fig. 257.—The Right Talus. A. Dorsal surface ; B. Plantar surface.
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inclines towards the medial side. It is confluent with the medial surface in front
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Fig. 258.—The Right Talus. C. Seen from the lateral side ; D. Seen froiu tlie medial side.
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of the medial malleolar facet, and laterally forms a wide groove, which becomes

continuous on the plantar surface with the lateral end of the interosseous groove.
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The Calcaneus.
The calcaneus is the largest of the tarsal bones. It supports the talus on its

dorsal surface and articulates with the cuboid anteriorly. On the plantar aspect and
behind, its posterior extremity, or tuberosity (tuber calcanei), forms the heel, on
which so large a proportion of the body weight rests. The long axis of the Vjone

inclines forwards and a little laterally and upwaids.
The dorsal surface of the calcaneus is divisible into two parts—a posterior non-

articular part and an anterior articular portion. The length of the former varies

according to the projection of the heel ; rounded from side to side, it is slightly con-
cave from before backwards. In front of this there is a convex articular area of
variable shape (fades articularis posterior), sometimes nearly circular, at other times
oval and occasionally almost triangular. This is directed upwards and forwards,
ami articulates with the posterior calcanean facet on the plantar surface of the
talus. Anterior to this facet the bone is deeply excavated, forming a fossa from
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The Right Calcaneus.

TrBEROSITY

B
A. Seen from above ; B. Seen from below.

which a groove (sulcus calcanei) leads backwards and medially around the antero-

medial border of the articular surface. When the calcaneus is placed in contact

with the talus, this groove coincides with the sulcus on the plantar surface of

the talus, and so forms a canal or tunnel (sinus tarsi) in which the strong

interosseous ligament which unites the two bones is lodged. To the front and
medial side of this groove there is an elongated articular facet directed obliquely

from behind forwards and laterally, and concave in the direction of its long axis.

This is frequently divided into two smaller oval areas by an intermediate non-

articular surface. Of these facets the posterior (facies articularis media) articulates

with the middle calcanean facet on the plantar surface of the talus, whilst the

anterior (facies articularis anterior) supports the plantar surface of the head of the

talus (facies articularis calcanei anterior). The lateral side of the anterior extremity

of the dorsal surface of the bone is rough, and to this is attached the origin of

the short extensor muscle of the toes.

The plantar surface of the bone is sHghtly concave from before backwards, and
convex from side to side. The plantar aspect of the tuberosity is provided with two
tubercles, a medial (processus medialis tuberis calcanei) and a lateral (processus lateralis

tuberis calcanei), of which the former is the larger. From the medial process the short

flexor of the toes and the abductor hallucis muscle arise, whilst from both tubercles

17a
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Facets for talus
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spring the fibres of origin of the abductor digiti quinti muscle. On the anterior part
of the plantar surface there is an elevated elongated tubercle, which terminates
somewhat abruptly just behind the anterior border of this aspect of the bone, giving
rise at times to a notch. From the tubercle spring the fibres of the long plantar
ligament, whilst the notch serves for the attachment of the deeper fibres of the
plantar calcaueo-cuboid ligament. The two heads of origin of the quadratus plantse
muscle arise from the bone on either side of the long plantar ligament.

The medial surface of the calcaneus is crossed obliquely, from above downwards
and forwards, by a broad groove of considerable depth ; along this pass many of

the structures which enter the sole of the foot from the back of the leer. The
groove is overhung in front and
above by a projecting bracket-

like process, called the sustenta-

culum tali. The plantar surface

of the sustentaculum is chan-
nelled by a "groove in which is

lodged the tendon of the flexor

halTucis longus muscle; whilst

its medial border, to which is

attached a part of the deltoid

ligament (tibio-calcanean fibres)

of the ankle, is overlain by the

tendon of the flexor digitorum
longus. To the anterior border

of the sustentaculum is attached

the plantar calcaneo-navicular

ligament, and placed on its

dorsal surface is the articular

facet already referred to (facies

articularis media). Posteriorly

the medial surface of the bone
is limited inferiorly by the pro-

jection of the medial process of

the tuber calcanei, and above
by the. medial lipped edge of

the tuberosity.

The lateral surface, broad
behind and narrower in front,

is of flattened form. Springing
from it, just below the lateral

end of the sinus tarsi, is the

trocMear process, often in-

distinctly marked. To this

the fibres of the inferior retina-

culum of the peroneal tendons
are attached ; whilst in grooves,

above and below it, pass the

tendons of the peronseus brevis and longus muscles respectively. To the upper
and posterior part of this surface are attached the filjres of the calcaneo-fibular

ligament of the ankle.

The anterior extremity is furnished with a saddle-shaped surface on its anterior

aspect for articulation with the cuboid. This facet is concave from above down-
wards, and slightly convex from side to side ; its edges are sharply defined, except

medially, and serve for the attachment of ligaments.

The posterior extremity, called the tuber calcanei (tuberosity), forms the

projection of the heel. Of oval form and rounded surface, it rests upon the two
processes or tubercles inferiorly and is divisible into three areas. Of these the highest

is smooth and crescentic, and is covered by a bursa ; the intermediate is also fairly

smooth, and is defined inferiorly by an irregular line, sometimes a definite ridge,

sustentaculim
tali

Ijatrral process Medial process

Fig. 260.
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The Right Calcaneus. C. Seen from the

side ; D. Seen from the medial side.

ater.il
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For .se< ond t:i;NKiK(>i(M

the edges of which are striated. I»to this surface the tendo calcaneus is inserted.

The lowest surface is rough and striated, and is conHuent below with the medial

and lateral processes; this is overlain by the dense layer of tissue which forms

the pad of the heel.

Os Navicularc Pedis.

The navicular bone (U.T. scaphoid), of compressed piriform shape, is placed on

the medial side of the foot, between the head of the talus posteriorly and the

three cuneiform bones anteriorly. The bone derives its name from the oval or

boat-shaped hollow on its posterior surface, which rests upon the head of the

talus. Its anterior aspect is furnished with a semilunar articular area, which is sub-

divided by two faint ridges into three wedge-shaped facets for articulation,

niedio-laterally, with the first, second, and third cuneiform bones. The dorsal

surface of the bone,

convex from side to

side, is rough for the

attachment of the liga-

ments on the dorsal

aspect of the foot. On
its plantar aspect the

bone is irregularly con-

cave
;
projecting down-

wards and backwards
from its lateral side

there is often a pro-

minent spur of bone,

the plantar process, to

which is attached the

plantar calcaneo-navicular ligament. The lateral surface is narrow from before
backwards, and rounded from above downwards. In 70 per cent, of cases (Manners
Smith) it is provided with a facet which rests upon a corresponding area on
the cuboid. Behind this, in rare instances, there is a facet for the calcaneus. The
medial surface of the bone projects beyond the general line of the medial border
of the foot, so as to form a thick rounded tuberosity (tuberositas ossis navicularis),

the position of which can be easily determined in the living. To the medial and
plantar suriace of this process an extensive portion of the tendon of the tibialis

posterior muscle is inserted.

Ti'BKKOsiTY For head ok
Pl.ANTAK I'UOI'KSS TALU.S

Plantar Proiess
TlBEROSITY
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The Right Navicular Bone.

A. Seen from behind. B. Seen from the front.

The Cuneiform Bones.

The cuneiform bones, three in number, are placed between the navicular
posteriorly and the bases of the first, second, and third metatarsal bones anteriorly,
for which reason they are now named the first, second, and third cuneiforms
(O.T. internal, middle, and external). More or less wedge-shaped, as their name
implies, the first is the largest, whilst the second is the smallest of the group.
Combined, they form a compact mass, the posterior surface of which, fairly regular
in outline, rests on the anterior surface of the navicular; whilst anteriorly they
form a base of support for the medial three metatarsals, the outline of which is

irregular, owing to the base of the second metatarsal bone being recessed between
the first and third cuneiforms, as it articulates with the anterior surface of the
shorter second cuneiform.

The first cuneiform bone, the largest of the three, lies on the medial border
of the foot between the l)ase of the metatarsal bone of the great toe anteriorly,

and the medial part of the anterior surface of the navicular jiosteriorly. In form
the bone is less characteristically wedge-shaped than its fellows of the same
name and differs from them in this respect, that whilst the second and third
cuneiforms are so disposed that the bases of their wedges are directed upwards
towards the dorsum of the foot, the first cuneiform is so placed that its base is
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II. Metatarsal

/'

III. Met^tars\l

IT. Metatarsal

Second cuneiform

directed towards the plantar aspect ; further, the vertical diameter of the bone is not
the same throughout, but is much increased at its anterior or metatarsal end. The

dorsal and medial surfaces are confluent, and
I. Metatarsal form a convexitj from above downwards, which

is most pronounced inferiorly, where it is turned
round the plantar side of the foot to become con-

tinuous with the plantar or inferior aspect, which
is rough and irregular. On the anterior part of

the medial aspect of the bone there is usually a

distinct oval impression, which indicates the

surface of insertion of a portion of the tendon
of the tibialis anterior muscle. Elsewhere this

surface is rough for ligamentous attachments.

The lateral surface of the bone, quadrilateral in

Fig. 262.—Anterior Sorfaces^op the shape, is directed towards the second cunei-
THREE Cuneiform Bones of the form ; but as it exceeds it in length, it also
Right Foot. comes in contact with the medial side of the

base of the second metatarsal bone. Eunning along the posterior and dorsal

edges of this area is an r"-shaped articular surface, the anterior and dorsal part of

which is for the base of the second metatarsal bone, the remainder articulating

with the medial

side of the second

cuneiform. The
non-articular part

'of this aspect of

the bone is rough
for the attachment
of the strong inter-

osseous ligaments

which bind it to impression

the second cunei-

form and second

metatarsal bones.

The posterior sur-

face of the bone
is provided with a piriform facet which fits on the most medial articular area of

the navicular.- Here the wedge-shaped form of the bone is best displayed.

Anteriorly the vertical diameter of the bone is much increased, and the facet for the

base of the metatarsal bone of the great
Thirl. CUNEIFORM

^^^ -^ consequently much larger than

that for the navicular. This metatarsal

facet is usually of semilunar form, but not

infrequently is more reniform in shape,

and may in some cases display complete

separation into two oval portions.

The second cuneiform is of a typical

wedge shape, the base of the wedge being
II. Metatarsal

(ji^ected towards the dorsum of the foot

;

Fig. 266.—The Right shorter than the others, it lies between

(^Lateral skS^"'"''''
^^®"'' articulating with the base of the

second metatarsal in front, and the

middle facet on the anterior surface. of the navicular behind. Its dorsal

surface, which corresponds to the base of the wedge, conforms to the round-

ness of the instep, and is slightly convex from side to side, affording attachments

for the dorsal ligaments. Its plantar aspect is narrow and rough, forming the edge

of the wedge ; with this the plantar ligaments are connected. The medial surface,

quadrilateral in outline, is furnished with an r-shaped articular area along its

posterior and dorsal borders in correspondence with the similar area on the lateral

side of the first cuneiform. The rest of this aspect is rough for ligaments.

I. Meta-
tarsai

FOR TENDON
OF tibialis
ANTERIOR

Fig. 263.—The Right First

Cuneiform (Medial Side).

Fig. 264.

—

The Right First
Cuneiform (Lateral Side).

II. First
Metatarsal cuneiform

Fia. 265.—The Right
Second Cuneiform
(Medial Side).
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The lateral surface displays a facet arranged along its posterior border, and usually

somewhat constricted in the middle ; this is for the third cuneiform. In front of

this tlie bone is rough for the interosseous ligaments which bind the two bones
together. The posterior surface is provided with a triangular facet sliglitly concave
from above downwards ; this rests on the intermediate articular surface on the

anterior aspect of the navicular. In front the bone articulates by means of a
wed^'B-shaped facet with the y_„„ „ ,,„„ . ,„ „o

,
i Skcond cuNEiroKM Cuboid IV. Mktataksai,

base ot the metatarsal bone
of the second toe.

The third cuneiform,
intermediate in size between
the tirst and second, is also

of a fairly typical wedge
shape ; though its antero-

posterior axis is not straight

butl)ent, so that the anterior ^ „^, ,,
1 f. 4.1 K 4-

^^^- 267.—Right Thikd Fig. 268.—Right Third
end ot tne Done turns Cdneiform (Medial Side). Cuneiform (Lateral Side),

slightly medially. Its dorsal

surface, which corresponds to the base of the wedge, is slightly convex from
side to side, and provides attachments for the dorsal ligaments. Its inferior

or plantar aspect forms a rough blunt edge, and serves for the attachment of

the plantar ligaments. Its medial surface, of quadrilateral form, displays two narrow-

articular strips, placed along its anterior and posterior borders respectively, each
somewliat constricted in the middle. The anterior facet articulates with the lateral

surface of the base of the second metatarsal bone, the posterior with the lateral

surface of the second cuneiform. The rough non-articular surface, which separates
the two elongated facets, serves for the attachment of ligaments. The lateral

aspect of the bone is characterised by a large circular or oval facet, placed near
its posterior border, for articulation with the cuboid ; in front of this the anterior
border is lipped above by a small semi-oval facet for articulation with the medial
side of the base of the fourth metatarsal. The rest of the bone around and
between these facets is rough for ligaments. Posteriorly the bone is furnished with
a blunt, wedge-shaped facet for articulation with the corresponding area on the
anterior surface of the navicular. Below this the surface is narrow and rough for the
attachment of ligaments. The anterior surface of the bone articulates with the
base of the third metatarsal by an area of triangular shape

Os Cuboideum.

The cuboid lies on the lateral side of the foot, about its middle, articulating
with the calcaneus posteriorly and the fourth and fifth metatarsal bones anteriorly.
Its dorsal surface, plane in an antero-posterior direction, is slightly rounded from
side to side, and provides attachment for ligaments. Its plantar aspect is tra-

versed obliquely from the lateral side medially and forwards by a thick and prominent
ridge, the lateral extremity of which, at the point where it is confluent with the
lateral surface, forms a prominent tubercle (tuberositas ossis cuboidei), the anterior
and lateral surface of which is smooth and facetted to allow of the play of
a sesamoid bone which is frequently developed in the tendon of the peronaeus
longus muscle. Anterior to this ridge there is a groove (sulcus peronsei) in which
the tendon of the peronaeus longus muscle is lodged as it passes across the plantar
surface of the bone. Behind the ridge the bone is rough, and serves for the
attachment of the plantar calcaneo-cuboid ligament, the superficial fibres of which
pass forwards and are attached to the summit of the ridge. The lateral aspect of
the bone is short and rouuded, and is formed by the confluence of the dorsal and
plantar surfaces : it is more or less notched by the peroneal groove which turns round
its plantar edge. The medial surface of the bone is the most extensive ; it is easily
recognisable on accowat - of. the presence of a rounded or oval facet situated near
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Na^ icular
Third tiNEifORM (uccasional)

Tuberosity Groove for peron^us
LONOUS

A

Groove for 'Tuberosity
peron^us lonous

its middle and close to its dorsal border. This is for articulation with the lateral

side of the third cuneiform ; anterior and posterior to this the surface is rough for

ligaments. Not infrequently, behind the facet for the third cuneiform, there is

a small articular

surface for the

navicular, as is the

case normally in

the gorilla, whilst

posteriorly and on
the plantar aspect

the projecting in-

ferior angle is

sometimes pro-

vided with a facet

on which the head
of the talus rests.

(Sutton, " Proc.

Anat. Soc," Journ. Anat. and Physiol, vol. xxvi. p. 18.) The anterior surface is oval or

conical in outline ; sloping obliquely from the medial side laterally and backwards,
it is divided about its ndddle by a slight vertical ridge into two parts, the medial of

which articulates with the base of the fourth metatarsal bone, the lateral with that
of the fifth. The posterior surface, also articular, has a semilunar outline, the convex
margin of which corresponds to the dorsal roundness of the bone. The inferior

lateral angle corresponds to the tubercle on the lateral border of the bone, whilst

the inferior medial angle forms a pointed projection which is sometimes called

the calcanean process. This surface articulates with the calcaneus by means of a

saddle-shaped facet, which is convex from side to side, and concave from dorsal

to plantar margins.

The tarsus as a whole may be conveniently described as arranged in two

Fig. 269.-

Lateral Side.

-The Right Cuboid Bone.

B. Medial Side.

Fig. 270.

—

Radiographs of the F(etal Foot.

1. About fifth month. No ossification in the tarsus visiltle.

2. About sixth month. Appearance of a nucleus for the calcaneus.

3. Aljout seventh month. Nucleus for calcaneus well developed.

4 and 5. About eighth month. Centre for talus, as well as for calcaneus, is now seen.

6. About birth. Centres for the talus and calcaneus are well developed ; there is also a considerable centre

for the cuboid, and the appearance of a centre for the third cuneiform is now displayed.

columns ; the medial, corresponding to the medial border of the foot, comprising
the talus, navicular, and three cuneiforms, and forming a base for the support of

the medial three metatarsal bones and their phalanges. The lateral column,
formed by the calcaneus and cuboid, supports the fourth and fifth metatarsal bones,

together with their phalanges. The dorsal surface of the anterior portion of the
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tarsus determines the side-to-side roundness of the instep, whilst its plantar surface

forms arches in both a transverse and a longitudinal direction, in which the softer

tissues of the sole are lodged, and so protected from injury.

Ossification.— I'nlike the carpus, the tarsus is at birtli partially ossified. At this

period tliere is a well-marked osseous nucleus within the body and neck of the talus,

and the calcaneus is extensively ossified. In the latter the deposition of earthy matter

appears as early as the sixth mouth of fcetal life, whilst in the talus the ossific centre

makes its appearance in the later weeks of gestation. Shortly before or after birth the

Fig. 271.

—

Kadiogbaph ok the Hand
AT Birth.

It will be noticed that whilst the primary
centres for the metacarpus and phalanges

are well ossified, the carpus is still

entirely cartilaginous.

Fig. 272. -Radiograph of the Foot
at Birth.

The centres of ossification for the calcaneus

and talus are well developed, the nucleus for

the cuboid is quite distinct, and in this instance

the tliird cuneiform is already commencing
to ossify.

cuboid begins to ossify, succeeded early in the first year by the third cuneiform, followed

in order by the second cuneiform, first cuneiform, and navicular. The ossific centre

of the latter appears at the third year or somewhat later. An epiphysis, which forms a

cap over the extremity of the tuberosity of the calcaneus, appears from the seventh to the

ninth year, and fusion is completed between the ages of sixteen and twenty.

To emphasize the different conditions which obtain in the wrist and ankle, at, and for

some time after birth, drawings of radiographs of both are given.

The Metatarsus.

The metatarsal bones, five in number, in their general configuration resemble the

metacarpal bones. They are, however, slightly longer, their bases are proportionately

larger, their bodies are more slender and are compressed from side to side, and their

heads are proportionately smaller. They are named numerically the first, second,

third, fourth, and fifth metatarsal bones, in order from the tibial to the fibular side.

The first can be readily recognised on account of its stoutness ; it is also the

shortest of the series. The second is the longest of the five, and the fifth can

easily be distinguished by the projecting tubercle at its base.
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Grooves for sesamoid bones

Shaft

The first metatarsal, or metatarsal bone of the great toe, the shortest of the

series, is remarkable for its stoutness. Its proximal end or base, where the bone

is provided with' a reniform facet for articula-

tion with the first cuneiform, is wider from the

dorsal to the plantar aspect than from side to

side. The concavity of the kidney -shaped arti-

cular area is directed to the fibular side. As a

rule the lateral aspects of the base are non-arti-

cular, though occasionally on its lateral side there

is a "pressure" facet for the base of the second

metatarsal bone. The plantar basal angle pro-

jects proximally and laterally, and forms a pro-

minent tubercle which is pitted for the insertion

of the tendon of the peronseus longus muscle,

whilst its tibial margin is lipped by a surface

for the attachment of part of the tendon of the

tibialis anterior. The body, short, thick, and pris-

matic on section, tapers rapidly towards the head,

the distal and plantar surfaces of which are articular.

The former is convex in both directions, and

supports the proximal or first phalanx. It is con-

fluent with the plantar articular surface, which is

divided by a median ridge into two shallow grooves.

Fig. 273. — The First Metatarsal of which the tibial is the wider. In these grooves
Bone OP the Right Foot (Plantar

^^^ lodged the two sesamoid bones of the metatarso-
^^^°

phalangeal joint. On either side of the head, the

bone is pitted for the strong collateral ligaments of the joint.

The second metatarsal, the longest of the series, has a base of wedge-shaped

Tl'berositv Tibialis anterior

I. Metatarsal
(pressure facet)

II. METATARSAL
First
cuneiform

III. Metatarsal

III. METATARSAL

IV. Metatarsal

IV. METATARSAL
Third cuneiform

III. Metatarsal

A. Medial sides.

V. Metatarsal

B. Lateial sides.

Fig. 274.

—

View ok thk Bases and Shafts of the Second, Third, and Fourth Metatarsal Bones
of the Right Foot.

form, the proximal aspect of which articulates with the second cuneiform. On
its tibial aspect, near its dorsal edge there is a small circular facet for the first
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cuneiform; distal to this and near the plantar surface there is sometimes a tubercle

with a " pressure " facet on it, where the bone comes in contact with the base of the
first metatarsal. On the fibular side of the base there is one, more usually two
small facets, each divided into two parts, a proximal for articulation with the

third cuneiform, and a distal for the base of the third metatarsal. The bodies

of this and the succeeding three bones are slender and compressed from side to

side. The heads are small and narrow, and display a pronounced side-to-side and
vertical convexity.

The third metatarsal bone also possesses a base of wedge-shaped form,

the proximal surfactj of which articulates with the third cuneiform. On its

tibial side it is provided with one, more usually two, small facets, for articu-

lation with the base of the second metatarsal. Laterally the base has a larger

facet for articulatipn with the base of the fourth metatarsal, more or less conical

in outline, and having its plantar edge sharply defined by a narrow groove which
underlies it.

The fourth metatarsal possesses a base more cubical in shape. Its proximal
aspect articulates with the cuboid, whilst medially an elongated

oval facet, divided by a slight vertical ridge, provides sur-

faces for articulation with the third metatarsal distally and the

lateral side of the first cuneiform proximally. On the lateral

side there is a denii-oval facet, bearing a slightly saddle-

shaped surface, for articulation with the tibial side of the

base of the fifth metatarsal.

The fifth metatarsal can be readily recognised by
the peculiar shape of its base, from the lateral side of

which there projects proximally and laterally a pro-

minent tuberosity (tuberositas ossis metacarpi quinti). To the

posterior extremity of this is attached the tendon of the

peronseus brevis muscle. Into its dorsal surface the tendon of

the peronseus tertius is inserted, whilst its plantar surface

provides an origin for the flexor digiti quinti brevis muscle.

The medial surface of the base is provided with a demi-oval,

slightly concave facet, for the lateral side of the base of the

fourth metatarsal, whilst proximally it articulates with the

cuboid by means of a semicircular facet.

Vascular Foramina.—The canals for the nutrient vessels open,
as a rule, on tlie plantar aspects of the middle of the bodies. Those of

the lateral four metatarsals are directed towards the bases of the bones,

whilst that for the metatarsal of the great toe passes towards its head.

Ossification.— In correspondence with the mode of ossification which obtains in

the metacarpus, the primary centres for the metatarsus appear as early as the third

month of foetal life. In the case of the second, third, fourth, and fifth, these centres

furnish the bases and bodies of the bones, the heads being developed from secondary

centres which appear from two to four years after birth, fusion with the body being

usually completed about the eighteenth year. In striking contrast to this is the mode
of ossification of the first metatarsal. From its primary centre the head and body is

developed ; the secondary centre appears at its base about the second or third year,

and fuses with the body about eighteen. In this respect, therefore, the metatarsal bone

of the great toe resembles the phalanges in its mode of development. Mayet, however
{Bull. Soc. Anat. Paris, 1895), describes the occurrence of two ossific centres in the

proximal epiphysis. These fuse early, and he considers that the one represents the

metatarsal element, whilst the other may be regarded as phalangeal in its origin.

CVBO

Ppron*us bre\ns

Fig. 275.

—

Fifth Right
Metatarsal Boxe
(Dorsal Aspect).

Phalanges Digitorum Pedis.

The phalanges of the toes differ from those of the fingers in the striking

reduction of their size, and in the case of the bones of the first row, in the

compression of their bodies from side to side. Each toe is provided normally with

three phalanges, except the great toe, which has only two. In their general
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III. Ungual,
OR TERMINAL

PHALANX

11. Phalanx

coafiguration and in the arrangement of their articular facets they resemble.

the phalanges of the fingers, though owing to the reduction in their size, the

bodies, particularly those of the second row, are often so compressed longitudin-

ally as to reduce the bone to a mere nodule. The
proximal end of each of the bones of the first row is pro-

portionately large, and is provided with a simple hollow in

which the head of the metatarsal bone rests; the distal

ends are furnished with condyloid surfaces. The proximal

extremities of the second row are each provided with two
small concavities, separated by a slight ridge, for articulation

with the condyles of the first row. The joint between the

second and third row displays the same arrangement— the

third, or ungual phalanx, being easily distinguished by the

spatula-shaped surface at its extremity, on which the bed
of the nail is supported.

The phalanges of the great toe, two in number, differ

from the others in their size and length. Into the base of

the first phalanx are inserted the short muscles of the great

toe, whilst the second phalanx receives on its plantar aspect

the insertion of the fiexor hallucis longus muscle, the tendon
of the extensor hallucis longus being inserted into the

dorsal aspect.

Ossification.—Each phalanx is developed from two centres

—one primary for the body and distal extremity, the other for

the epiphysis on the proximal end. The primary centres for the

ungual phalanges are the first to appear, commencing to ossify

from the eleventh to the twelfth week of foetal life. The centre for the ungual phalanx

of the great toe makes its appearance before that of its corresponding metatarsal bone.

The primary centres for the phalanges of the first row appear from the fourteenth

to the sixteenth week. The primary centres for the middle phalanges of the second and

I. Phalanx

Metatarsal

Fig. 276.

—

The Phalanges
OF THE Toes (Plantar

Aspect).

I r
Fig. 277.

A. About the enil of tlie third month. The primary centres of all the metatarsals are

shown as well as the centres for the phalanges of the great toe and the terminal

phalanx of the third toe.

B.' A little later. The centres for the terminal phalanges of the medial four toes are

seen, as well as the centres for the first phalanges of the great and second toe.

C. About the fourth month. The centres for all the terminal phalanges as well as

those of the first row are well ossified.

D. About the fifth month. In this the centre for the second plialanx of the second toe has

already made its appearance.

1 This specimen displays the ocoiirrence of anomalous centres within the tarsus the signilicaiice of
which is not apparent. The appearance is not due to any defect in the plate, but recurred in repeated
radiographs.

third toes begin to ossify about the sixth month, those for the fourth and fifth toes not

till later—the body of the middle phalanx of the fourth toe being frequently cartilaginous

at birth, the normal condition in the case of the fifth toe (Lambertz). The proximal

epiphyses do not begin to ossify until about the fourth year, and are usually fused with

the diaphyses about the age of sixteen or eighteen. Union between the bodies and

epiphyses of the first row precedes that of the second and third rows.
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* Ossa iScsamoidca.

As in the hand, small independent nodnles of bone, culled sesamoid bones, are met
with in the lij^aments and tendons of the foot. The most constant of tlie.se are found in

connexion with the metatarso-phalangeal articulation of the great toe, where they lie in

grooves on the plantar surface of the head of the metatarsal bone in connexion with the
tendons of the short muscles of the great toe. Small osseous nodules occupying a
corresponding position are occasionally met with in the other toes, and in^stances liave
been recorded of like ossicles occurring on the jjlantar aspect of the interphalangeal joint
of the great toe.

An osseous nodule is not infrequently met with in the tendon of the peronseus longus
as it turns round the lateral border of the foot to lie in the groove on the under surface of
the cuboid.
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APPENDIX A.

ARCHITECTURE OF THE BONES OF THE SKELETON.

The Vertebrae.—The vertebra are formed of spongy bone confined witbin a thin and dense

envelope. In the bodies the arrangement of the spongy tissue, which is traversed by venous

channels, is such as to display a vertical striation with lamellse arranged horizontally. The
lateral, superior, and inferior walls are very thin— that directed to the vertebral canal being

usually thicker and denser than the others. In the roots of the vertebral arches and roots

of the transverse processes the spongy tissue is much more open. The outer envelope is much
thicker where it bounds the vertebral canal, and where it forms the bottom of the superior and

inferior intervertebral notches. In the laminae the spongy tissue is confined between two compact

layers, of which that directed to the vertebral canal is the thicker. In the spinous processes

the upper edge is always the more compact.

The Sternum consists of large-celled spongy bone, which is highly vascular, and is contained

between two layers of thin compact tissue.

The Ribs.—Each rib consists of a curved and compressed bar of bone, the interior of which

consists of highly vascular spongy tissue with an external envelope of compact bone. The
inner table is much the stronger, attaining its maximum thickness opposite the angle—in front

and behind which it becomes gradually reduced. The outer table, much thinner, is stoutest

opposite the angle ; on the posterior surface of the tubercle and neck it forms but a thin layer.

The compact layers forming the upper and lower borders are not so thick as those forming

the inner and outer surfaces. The spongy tissue, loose and open in the body, is most compact

in the region of the head and towards the anterior extremity.

The Frontal Bone.—The frontal bone is composed, like the other bones of the cranial vault,

of two layers of compact tissue, enclosing between them a layer of spongy cancellous texture—the

diploe. In certain definite situations, owing to the absorption of this intermediate layer, the

bone is hollow, forming the frontal air-sinuses. The position and extent of these is to some

extent indicated by the degree of projection of the superciliary ridges, though this must not be

taken as an absolutely reliable guide, for cases are recorded where the ridges were low and the

sinuses large, and vice versa. Of much surgical importance, these air-spaces only attain their full

development after the age of puberty, being of larger size in the male than in the female, a

circumstance which accounts for the more vertical appearance of the forehead in woman as con-

trasted with man. Usually two in number, they are placed one on either side of the median

plane, and communicate by means of the infundibulum with the nasal cavity of the same side.

It is exceptional to find the sinuses of opposite sides in communication with each other, as they

are generally separated by a complete partition which, however, is occasionally much deflected

to one or other side. Logan Turner (" On the Illumination of the Air Sinuses of the Skull, with

some OKservations upon the Surgical Anatomy of the Frontal Sinus," Edin. Med. Journ., May 1898)

gives the average dimensions of these sinuses as follows :—Height, 31 mm., i.e. from the fronto-

nasal aperture upwards ; breadth, 30 mm., i.e. from the septum horizontally in a lateral direction;

depth, 17 mm., from the anterior wall at the level of fronto-nasal suture backwards along the

orbital roof Exceptionally large sinuses are sometimes met with extending backwards over the

orbit so as to form a double roof to that space. There is a specimen in tne Oxford collection

in which the sinus is so large, and extends so far back, that the optic nerve is transmitted through

it in a Vjony tube. Another point of some practical importance is that the sinuses are hardly

ever symmetricaL It is rare to meet with cases of their complete absence, although sometimes

the sinus on one or other side may be wanting.

The zygomatic process, from the arrangement of its surfaces and the density of its structure,

is particularly well adapted to resist the pressure to which it is subjected when the jaws are

firmly closed.

The Parietal Bone.—Thin towards its lower part, where it enters into the formation of the

temporal fossa, it is thickest along the superior border and in the neighbourhood of the posterior

superior angle.

The Occipital Bone.—The squamous part displays thickenings in the position of the various

ridge and crests, the stoutest part corresponcling to the internal and external occipital protuberances,

270
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though it should be noted that the two protuberances do not necessarily coincide, the internal

being, as a rule, placed at a higher level tiian the external. If the bone be held up to the light

it will be at once apj)arent that it is much thinner where it forms the floor of the inferior fo.s.sui

than in the upper j>art. The basilar portion consists of a spongy core surrounded by a more
compact outer envelope, thickest on its lower surface. In the condyles the spongy ti.ssue is

arranged radially to their convex articular surfaces, the hypoglossal canal being surrounded by
)>articularlv dense and compact bone, which assists in strengthening this naturally weak part

of the bone.

The Temporal Bone.—The temporal bone is remarkable for the hardness and density of its

petrous part, wherein is hxiged the osseous labyrinth, which contains the delicate organs a-ssociated

with the senses of hearing and eiiuilibration. The middle ear or tjrmpanum is a cavity which
contains the small auditory ossicles, and is separated from the external acoustic meatus by the

membrana tympani. In front it communicates with the pharynx by the auditory tube ; behind,

it opens into the tympanic antrum and ma.stoid air-cells by the aditus ad antrum. Superiorly, it is

separated from the middle cranial fos.sa by a thin plate of bone called the tegmen tympani.

Tnferiorlu, its floor is Jbrmed in part by the roof of the jugiilar fo.s.sa and the carotid canal.

Medialli^, it is related to the structures which form the inner ear, notably the cochlea and
vestibule, in front of which it is separated by a thin plate of bone from the carotid canal.

Owing to the disposition of the intenial and external acoustic meatus the weakest part of the

bone corresponds to a line connecting these two channels, the only parts intervening being the

cochlea and tympanum. It is usually in this position that fracture of the bone occurs.

Curving over the cavity of the tympanum is the oanalis facialis, tlie thin walls of which are

occasionally deficient. These details, together with an account of the tympanic ossicles, will

be further dealt with in the section devoted to the Organs of Sense.

The Sphenoid Bone.— In the adult the body of the bone is hollow and encloses the sphenoidal

air-sinuses, usually two in number, separated by a septum. The arrangement and extent of these

air-sinuses vary ; sometimes they are multilocular, at other times simple, while occasionally they

extend backwards into the basi-occipital and laterallv and downwards into the roots of the great

wings and pterygoid processes. Cases are on record, in which in the adult the body of the bone
was not pneumatic

The Lacrimal Bone.—The bone consists of a thin papery translucent lamina, somewhat
strengthened by the addition of the vertical crest.

The Vomer.—The bone is composed of two compact layers fused below, but separated above
by the groove for the lodgment of the rostrum of the sphenoid behind, and the septal cartilage in

front. The lamellfe are also separated from each other by a canal which runs horizontally from be-

hind forwards in the substance of the bone, and which transmits the nutrient vessel of the bone.

The Nasal Bone.—Formed of dense and compact bone ; the strength of the nasal bones is

increased I'V their mode of union and the formation of a median crest posteriorly.

The Maxilla.—The disposition of the maxillary sinus within the body of the bone has
been already referred to. In union with its fellow, the vaulted arrangement of the hard jialate

is well displayed, and the arched outline of the alveolar processes is obvious. It is in

these latter processes around the sockets for the reception of the teeth that the spongy tissue

of the buue is seen ; elsewhere its walls are formed by thin and dense bone.

The Zygomatic Bone. — In structure the bone is compact, with little spongy tissue.

Together with the zygomatic process of the temporal bone it forms the buttress which supports
the maxilla and the lateral wall of the orbit. Additional strength is imparted to the bone by
the angular mode of union of its orbital and facial parts.

The Mandible.—The mandible is remarkable for the density and thickness of its medial and
lateral walls. Where these coalesce below at the base of the body, the bone is particularly stout.

Superiorly, where they form the walls of the alveoli, they gradually thin, being thicker,

however, on the medial than the lateral side, except in the region of the last molar tooth,

where the medial wall is the thinner. The spongy substance is open-meshed below, finer

and more condensed where it surrounds the alveoli. The mandibular canal is large and
has no very definite wall ; it is prolonged beyond the mental foramen to reach the incisor

teeth. From it numerous channels pass upwards to the sockets of the teeth, and it com-
municates freely with the surrounding spongy tissue. Above the canal the substance of the
bone is broken up by the alveoli for the reception of the roots of the teeth. In the substance
of the condyle the spongy tissue is more compact, with a general striation vertical to the
articular surface.

The mental protuberance is an essentially human characteristic ; by some it is associated with
the development of speech in man, others regard it as due to the reduction in the size of the teeth.

The Clavicle.—The body consists of an outer layer of compact bone, thickest towards the
middle of the shaft, but graclually thinning towards the extremities, the investing envelope of
which consists merely of a thin sliell. Within the l>ody the spongy tissue displays a longitudinal
striation, which internally assumes a more cellular appearance. At the acromial end the general
arrangement of the fibres resembles the appearance of the sides of a Gothic arch. The curves
of the bone impart an elasticity to it, which is of much service in reducing the effects of the
shocks to which it is so frequently subjected.

The Scapula.—For so light and thin a bone, the scapula possesses a remarkable rigidity. This
is owing to the arrangement of its part*. Stout and thick where it supports the glenoid cavity
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and coracoid process, tlie rest of the bone is thin, except along the axillary margin ; but strength is

imparted to the body by the manner in which the spine is fused at right angles to its dorsal surface.

The Humerus.—The body consists of a layer of compact bone surrounding a long medullary
cavity. The outer shell, thickest in the distal third of the bone, gradually thins until it reaches

the proximal epiphysial line, where it forms a layer no thicker than stout paper. Distally

the external shell is thicker and stouter than it is proximally, until it reaches the epicondyles,

distal to which the articular surfaces are formed of a layer of compact spongy bone. The proximal
end of the medullary cavity is surrounded by loose spongy tissue, the fibres of which arch inwards
from the inner surface of the compact outer layer, whilst at the distal end the spongy tissue

which springs from the outer shell sweeps distally in a radiating fashion on either side

of the olecranon fossa towards the epicondyles. Proximal to the olecranon fossa there is a

number of laminae of dense bone which arch across from one side to the other, the con-

vexity of the arches being directed distally. The j^roximal epiphysis, formed of spongy
bone, is united to the l^ody by a wavy line, concave laterally and convex medially, leading

from the base of the greater tuberosity on the lateral side to the distal articular edge on the medial
side. The mass above this includes the head and the tM^o tubercles. The spongy tissue of the

head is fine, and is arranged generally in lines radial to its surface ; that of the greater tubercle

is more open, and often displays large spaces towards its interior, which in old bones communi-
cate freely with the medullary cavity of the body. The general direction ot the fibres is

parallel to the lateral surface of the tuberosity. The distal articular end is formed of fine spongy
tissue, more compact towards the surface, and arranged in lines more or less at right angles to its

articular planes. In the adult the principal nutrient canal, viz., that which opens on the

surface near the insertion of the coraco-brachialis, traverses the outer compact wall of the body
obliquely distally for a distance of two and a quarter inches before it opens into the

medullary cavity.

The Ulna.—The weakest parts of the bone are the constricted portion of the semilunar
notch, and the body in its distal third, the bone being most liable to fracture at these

points. On section the medullary cavity is seen to extend proximally as high as the base of the

coronoid process ; distally it reaches the proximal end of the distal fifth of the bone. The walls of

the body, which are formed of dense bone, are much thicker on the dorsal surface than on the

volar. Proximally they are continuous with the volar suii'ace of the coronoid process and the

dorsal surface of the olecranon, where they are composed of layers of looser texture, which, however,
gradually become thinner as the points of these processes are reached. Distallj^ they gradually

taper until the head and styloid process are reached, round which they form a thin shell, con-

siderably thickened, however, in the region of the groove for the extensor carpi ulnaris muscle.

The bulk of the proximal extremity is formed of loose spongy bone, arranged in a series of arcades,

stretching from the interior to the dorsal wall over the proximal end of the medullary canal.

Proximal to the constricted part of the semilunar notch the bone displays a dift'erent structure
;

here it is formed of spongy bone, of closer texture, arranged generally in lines radiating from the

articular surface. At the point of constriction of the semilunar notch the layer immediately
subjacent is much denser and more compact.

The distal fifth of the bone is formed of loose spongy bone, the fibres of which have a general

longitudinal arrangement ; towards its extremity the meshes become smaller.

The Radius.—The neck is the narrowest part of the bone; here fracture may occur, though
not commonly. The point at which the bone is usually broken is about one inch proximal to the

distal extremity. This is accounted for by the fact that the radius supports the hand at the

radio-carpal articulation, and the shocks to which the latter is subjected, as in endeavouring to

save oneself from falling, are naturally transmitted to the radius. On section, the medullary
cavity is seen to extend to the neck ; distally, it reaches to the level of the distal fifth of

the bone. Its walls are thick as compared with the diameters of the bone, particularly along the

interosseous border, thus imparting rigidity to the curve of the body ; these walls thin out

proximally and distally. Proximally, the surface of the tuberosity is formed of a thin shell of

bone, which, however, thickens again where it passes on to the neck. The proximal extremity
is formed of spongy bone arranged in the form of arcades, reaching distal to the level of the

tuberosity mecfially, but not extending distal to the level of the neck laterally. Beneath the

capitular articular surface there is a dense layer, thickest in the centre, and thinning towards
the circumference ; this is overlain by a very thin layer of less compact bone.

The distal fifth of the body and distal extremity are formed of loose spongy bone
arranged more or less longitudinally. Immediately subjacent to the carpal articular surface

the tissue is more comj^act, and displays a striation parallel to the articular plane. The nutrient

canal of the shaft pierces the volar wall of the proximal part of the medullary cavity obliquely,

running proximally for half an inch.

The Carpus.—The bones are formed of fairly compact spongy tissue, surrounded by a thin
shell of denser bone. They are very vascular, and their non-articular surfaces are pierced by
many foramina.

The Metacarpus.—Similar in arrangement to that of long bones generally, though it may
be noted that tlie compact walls of the body are thicker in proportion to the length of the bone
than in the other long bones of the upper extremity.

The Phalanges.—Each phalanx has a medullary cavity, the walls of the body being formed of

dense compact bone, especially thick along the dorsal aspect. The extremities are made up of

spongy bone within a thin dense shell.
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rHOCIIANTKHIC KOSS

The Hip Bone.—As a flat bone the'os coxiie consists of sjumgy tissue between two coni-

j)act external layers. These latter vary much in thickness, being exceptionally stout along
the ilio-pectineal line and
the floor of the iliac fossa

iniuiediately al)ove it.

The gluteal as])ect of tlie

ilium is also formed l)y

a layer of considerable

thickness. The si)ongy

tissue is loose and cellular

in the thick i)art of the

ilium and in tlie body
of tlie ischium ; absent

where tlie floor of the

iliac fossa is formed by
the coalescence of tlie

thin dense confining
layers ; fine grained and
more com])act in the

tuberosity of the ischium,

the iliac crest, and the

floor of the acetabulum,
in which latter situation

it is striated by fibres

which are directed radi-

ally to the surface

again beingr crossed at

Posterior surface
OF NECK

which are arranged circumferentially. This spongy
tissue forms a more compact layer over the surface

of the ujiper and jiosterior portion of the acetabular

articular area. The bottom of the floor of the acetab-

ulum varies in thickness ; in most cases it is thin,

and in exceptional instances the bone is here deficient.

The same condition has been met with in the iliac
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tissue (scraped away) between the
calcar and the base of the tro-
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of that hollow,

right angles by

Fig. 278.

—

Dissection showing the Calcar
Femokale.

A slice of bone has been removed from the pos-

terior aspect of the proximal part of the shaft

of the femur, passing through the trochanter

major superiorly and the trochanter minor
iuferiorly and to the medial side. The
loose spongy tissue has been scrajied away,
leaving the more compact tissue with the

dense core forming the calcar feniorale. By
a similar dissection from the front the an-

terior surface of the calcar may Vie exposed.

Posterior ^^^'^''^^^'-Xm^^^^^i^tM^iY anterior fossa, where absorption of the thin bony plate
or ^KCK-^m^mmMK^.ll,^^,^,^

has taken place.
"'

\ OF NECK

The Femur.— The body has a medullary
cavity which reaches the root of the lesser

trochanter proximally. Distally it extends to

within 3i inches of the distal articular surface.

In the proximal half the outer compact wall is

very thick, but distal to the middle of the body
it gradually thins until it reaches the condyles,

over which it passes as a thin, hardly definable

external layer. Proximally, it is especially

thick along the line of the linea aspera, and
here the large nutrient canal may be seen pass-

ing obliquely towards the proximal end in the

substance of the dense bone for the space of two
inches. In the proximal end of the body the

osseous lamellae springing from the sides of

the medullary cavity arch inwards towards the
centre, intersecting each other in a manner
comparable to the tracery of a Gothic window.
The lower wall of the neck is thick distally, near
the trochanter minor, but thins rapidly before

it reaches the head. From this aspect of the neck there spring a series of oblique lamelljE

which pass proximally and upwards, spreading in fan-shaped manner into the under surface of

the head. These are intersected above by lamellae which arch medially from the lateral side of the
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Calcar femorai.k

Trochanter
MINOR

Fig. 279.

—

Section through Head and Neck ok
Femur to show Calcar Femorale.
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shaft distal to the greater trochanter, as well as from the inner surface of the thin but compact
outer shell of the upper surface of the neck, the whole forming a bracket-like arrangement which
assists materially in adding to the strength of the neck. Further supjjort is afforded by the

addition of a vertical layer of more compact bone within the spongy tissue of the neck.

Distally, as may be seen in Fig. 278, this is continuous with the dense posterior wall of the body
below ; whilst proximally it sweeps up beneath the lesser trochanter, from which it is separated

by a quantity of loose spongy tissue, to fuse proximally with the posterior dense wall of the

neck above and medial to the intertrochanteric crest. It may be regarded as a continuation
proximally of the posterior wall of the body beneath the trochanteric epiphysis. When
studied in section (see Fig. 279), the central dense core of this partition exhibits a spur-like
appearance : hence the name calcar femorale applied to it. It is of surgical importance in cases

of fracture of the neck of the femur. {R. Thompson, Journ. Anat. and Physiol, vol. xlii. p. 60.)

From it, stout lamellae having a vertical direction arise. The spongy tissue of the head and
greater trochanter is finely reticulated, that of the distal part of the neck and proximal part of

the shaft being more open in its texture. Passing vertically through this tissue there is a

vascular canal, the orifice of which opens externally on the floor of the trochanteric fossa.

The sjDongy tissue of the distal part of the body is more delicate and uniform in its

.arrangement, displaying a more or less parallel striation in a longitudinal direction. Subjacent
to the articular surface the tissue is rendered more compact by the addition of lamellae disposed

in curves in harmony with the external aspect of the bone.

The Patella.—The bone consists of a thick dense layer anteriorly, which thins towards the

edges on either side and distally
;
proximally, it corresponds to the area of insertion of the quadriceps.

The femoral articular surface is composed of a layer of compact bone, thickest in correspondence

with the vertical elevation. Sandwiched between these two layers is a varying thickness of

spongy tissue of fairly close grain, the striation of which on cross section runs in jaarallel lines

from back to front ; on vertical section the tissue appears to be arranged in lines passing radially

from the deep surface of the femoral area to the more extensive anterior dense plate.

Tlie Tibia.—The body of the bone is remarkable for the thickness and density of the

osseous tissue which underlies the anterior crest. The posterior wall is stout, but the medial and
lateral walls are thinner. The several walls are thickest opposite the middle of the body, and
thin out proximally and distally where the body unites with the epiphyses. The medullary
cavity, narrow and circular in the middle of the bone, increases in all its diameters proximally and
distally, and reaches to within 2^ to 3 inches of either extremity. Proximally the arrangement
of the lamellae of the spongy tissue resembles a series of arches springing from the dense outer

walls. These form a platform on which the proximal epiphysis rests, the spongy tissue of which
displays a more or less vertical striation. This is much more compact under the condylic

surfaces, the superficial aspect of which is formed by a thin layer of dense bone. The intercon-

dyloid eminence and the tuberosity are also formed of compact tissue, whilst the circumference of

the condyles is covered by a thinner and less dense wall. In the distal end of the body the spongy
tissue, of a loose and cellular character, is arranged in vertical fibres, blending with the closer

tissue of the distal epiphysis, the articular surface of which is covered by a thin but dense layer.

In the adult bone the nutrient canal for the body is embedded in the dense posterior wall for

the space of two inches.

The Fibula.—A medullary cavity runs throughout the length of the body, reaching the

neck proximally, and extending to a point about 2i inches from the distal extremity of the

lateral malleolus. The lateral wall of the body is usually considerably thicker than the medial.

The head is formed of loose spongy bone, enclosed within a very thin dense envelope. The
spongy tissue of the distal extremity is moi-e compact, and acquires considerable density on the

surfaces underlying the articular area and the pit behind it. The canal for the nutrient artery of

the body opens into the medullary cavity about an inch distal to its external aperture.

The Bones of the Foot.—A longitudinal section through the articulated bones of the foot

reveals the fact that the structure of the spongy substance of each individual bone is determined

by the stress to which it is habitually subjected. In this connexion it is necessary to refer to the

arched arrangement of the bones of the foot, a subject which is also treated in the section which
deals with the Joints. The summit of the arch is formed by the talus, on which rests the tibia.

Subjected as the talus is to a crushing strain, it is obvious that this load must be distributed

throughout the arch, of which the calcaneus is the posterior pillar, whilst the heads of the meta-

tarsal bones constitute the anterior pillar. It is found, consequently, that the lamellae of the

spongy tissue of the talus are arranged in two directions, wliich intercross and terminate

below the dor.sal articular surface. Of these fibres, some sweep backwards and downwards
towards the posterior calcanean facet, beyond wliich they are carried in the substance of the cal-

caneus in a curved and wavy manner in the direction of the heel, where they terminate ; whilst

others, curving downwards and forwards from the trochlea of the talus, pass througli the

neck to reach the articular surface of the head, through which in like manner they may be

regarded as passing onwards through the several Vjones which constitute the anterior part of the

arch, thus accounting for the longitudinal striation as displayed in the structure of tlie navi-

cular, cuneiform, and metatarsal bones. In tlie calcaneus, in addition to the foregoing arrange-

ment, another set of curving fibres sweep from back to front of the bone beneath the more com-

pact tissue which forms its under shell. These are obviously of advantage to prevent the spread

of the bone when subjected to the crushing strain. In the su.-itentaculum tali a bracket-like
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arrangoiueut of fibres is evident, aiul tlui jilantar surface of the neck of the talus is further

strengthened by lamtdUe arranged vertically.

In the separate bone.s tlie investing envelope is tliin, though under the articular surfaces

there is a greater density, due to the accession of lamelhe lying parallel to the articular planes.

Tlie stoutest bony tissue in the talus is met with in tlie region of the plantar surface of the

neck, wliilst in the calcaneus the greatest density occurs along the floor of the sinus tarsi.

The Metatarsus.—In structure and the arrangement of their lamelUe the metatarsal bones

agree with the metacarpus.

The Phalanges.— In their general structure tliey resemble the bones of the fuiger.s.

APPENDIX P..

VARIATIONS IN THE SKELETON.

Cervical Vertebrae.—Szawlowski records the presence of an independent rib element in the

transverse process of the fourth cervical vertebra. {Anat. Anz. Jena, vol. xx. p. 306.)

Atlas.—The foramen transversarium is often deficient in front. Imperfect ossification occa-

sionally leads to the anterior arch, and more frequently the posterior arch, being incomplete. The
superior articular surfaces are occasionally partially or completely divided into anterior and

])osterior portions. In some instances the extremity of the transverse process has two tubercles.

The transvei-se process may, in rare cases, articulate with a projecting process (paroccipital or

paramastoid) from the under surface of the jugular process of the occipital bone (see p. 278). An
upward extension from the medial part of the anterior arch, due probably to an ossification of

the anterior occipito-atlantal ligament, may articulate with the anterior surface of the summit of

the dens of the epistropheus. Allen has noticed the articulation of the superior border of the

posterior arch with the posterior border of the foramen magnum. Cases of partial or complete

fusion of the atlas with the occipital bone are not uncommon (see p. 278).

Epistropheus.—In some instances the summit of the dens articulates with a piominent

tubercle on the anterior border of the foramen magnum (third occipital condyle, see p. 278).

Bennett {Trans. Path. Soc. Dublin, vol. vii.) records a case in which the dens was double,

due to the persistence of the primitive condition in which it is developed from two centres,

Occasionally the dens fails to be united with the body of the epistropheus, forming an os

odontoideam comparable to that met with in the crocodilia. (Giacomini, Romiti, and Turner.)

The foramen transversarium is not infrequently incomplete, owing to the imperfect ossification

of the posterior root of the transverse process. Elliot Smith, has recorded a case in which there

was fusion between the atlas and epistropheus without any evidence of disease.

Seventh Cervical Vertebra.—The foramen transversarium may be absent on one or other

side.

Thoracic Vertebrae.—Barclay Smith {Joiim. Anat. and Physiol. Loud. 1902, p. 372) records

five cases in which the superior articular processes of the twelfth thoracic vertebra displayed

thoracic and lumbar characteristics on opposite sides. Duckworth (Journ. of Anat. and Physiol.

vol. xlv. p. 65) has described a first thoracic vertebra, in which a bony process, arising from the

front of the root of the transverse process, curves forwards and medially .so as almost to enclo.'^e a

foramen like that of the cervical vertebra?. The ventral surface of this process articulates with

the neck of tlie first rib.

Lumbar Vertebrae.—The mamillary and accessory processes are sometimes unduly de-

veloped. The vertebral arch of the fifth lumbar vertebra is occasionally interrupted on either

side by a s}Tichondrosis which runs between the upper and lower articular j^rocesses. In

macerated specimens the two parts of the bone are thus separate and independent. The
anterior includes the body, together with the roots of the vertebral arches and the transveree

and superior articular processes ; the posterior comprises the inferior articular processes, the

lamin;?, and the spine. (Turner, Challenger Reports, vol. xvi.) Fawcett has seen the same con-

dition in the fourth lumbar vertebra. Szawlowski and Dwight record instances of the occurrence

of a foramen in the transverse process of the fifth lumbar vertebra (Anat. Anz. Jena, vol. xx.),

and Ramsay Smith describes a case in which the right transverse process of the fourth lumbar
vertebra of an Australian sprang from the side of the body in front of the root of the vertebral

arch, being unconnected either with the arch or articular process.

Sacrum.—The number of sacral segments may be increased to six or reduced to four (see

p. 276). Transition forms are occasionally met with in which the first sacral segment displays

on one side purely sacral characters, i.e. it articulates with the hip bone, whilst on the

opposite side it may present aU the features of a lumbar vertebra. Through deficiency in the

development of the laminae, the sacral canal may be exposed throughout its entire length, or

to a greater extent than is normally the case. (Paterson, Roy. Dublin Soc. Scientific Trans.

vol. V. Series II.) Szawlowski and Barclay Smith record the occurrence of a foramen in the

lateral part of the first sacral vertebra. (Journ. of Anat. and Physiol. Lond. vol. xxxvi. p. 372.)

Vertebral Column as a Whole.—Increase in the number of vertebral segments is usually
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due to differences in the number of the coccygeal vertebrae ; these may vary from four

—

which may be regarded as the normal number—to six. The number of presacral or movable
vertebrae is normally 24 (7 C, 12 Th, and 5 L) ; in which case the 25tli vertebra forms the

fii-st sacral segment (vertebra, fulcralis of Welcker). The number of presacral vertebrte may
be increased by the intercalation of a segment either in the thoracic or lumbar region without
any alteration in the number of the sacral or coccygeal elements : thus we may have 7 C, 13 Th,
and 5 L, or 7 C, 12 Th, and 6 L, or it may be reduced by the disajjpearance of a vertebral segment
—thus, 7 C, 12 Th, and 4 L. Such an arrangement presupposes developmental errors either

of excess or default in the segmentation of the column. On the other hand, the total number of

vertebral segments remaining the same (24 or 25), we may have variations in the number of those

assigned to different regions due to the addition of a vertebral segment to one, and its consequent
subtraction from another region. Thus, in the 24 presacral vertebrae, in cases of the occurrence of

cervical ribs the formula is rearranged thus—6 C, 13 Th, and 5 L, or, in the case of a lumbar
rib being present, the formula would be 7 C, 13 Th, 4 L, as happens normally in the gorilla and
chimpanzee. Similarly, the number of the presacral vertebrae (24) may be increased by the

withdrawal of a segment from the sacral region—7 C, 12 Th, 6 L, and 4 S—or diminished by an
increase in the number of the sacral vertebrae, as in the formula 7 C, 12 Th, 4 L, and 6 S. In-

crease in the number of sacral segments may be due to fusion with a lumbar vertebra, or by the

addition of a coccygeal element : the latter is more frequently the case. This variability in the

constitution of the sacrum is necessarily correlated with a shifting tailwards and headwards of

the pelvic girdle along the vertebral column. Rosenburg considers that the 26th, 27th, and 28th
vertebrae are the primitive sacral segments, and that the sacral characters of the 25th vertebrae

(the first sacral segment in the normal adult column) are only secondarily acquired. He thus

supposes that during development there is a headward shifting of the sacrum and pelvic girdle,

with a consequent reduction in the length of the presacral portion of the column. This view is

opposed by Paterson {Roy. Dublin Soc. Scientific Trans, vol. v. Ser. II.), who found that ossification

took place in the alae of the 25th vertebra (first adult sacral segment) before it made its appear-

ance in the.alfe of the 26th vertebra. He thus assumes that the alae of the 25th vertebra may
be regarded as the main and primary attachment with the ilium. His conclusions, based on a

large number of observations, are at variance with Rosenburg's views, for, according to his opinion,

liberation of the first sacral segment is more common than assimilation with the fifth lumbar
vertebra, and assimilation of the first coccygeal vertebra with the sacrum is more common than
liberation of the fifth sacral, thus leading to the inference that the sacrum tends to shift tail-

wards more often than headwards. Dwight (Anctt. Anz. Jena, vol. xxviii. p. 33), after a study of

this question, whilst admitting that some of these variations may be reversive, denies that there

is any evidence that they are progressive, and further states that after the occurrence of the

original error in development, there is a tendency for the vertebral column to assume as nearly

as possible its normal disposition and proportions.

Sternum.—The sternum is liable to considerable individual variations affecting its length

and directioiL The majority of bones are asymmetrical, displaying irregularities in the levels of

the clavicular facets. The higher costal facets may be closer together on one, usually the right

side, than the other, whilst the synchondrosis sternalis is often oblique, sloping somewhat to the

right. According to Birmingham, these are the result of the strain thrown on the shoulder by
pressure either directly applied or through the pull of a weight carried in the hand.

Sometimes the sternum articulates with eight rib cartilages. This may happen on one or

both sides, but when unilateral, much more frequently on the right side—a condition by some
associated with right-handedness. It is, however, more probably a persistence of the primitive

condition of the cartilaginous sternum, in which each half is connected with the anterior

extremities of the first eight costal arches. In some rare cases only six pairs of ribs articulate

by means of their costal cartilages with the sternum. Recently Lickley has brought forward

evidence to show that the seventh rib is undergoing regressive changes. {Anat. Anz. vol. xxiv.

p. 326.)

Occasionally the presternum supports the, first three ribs ; in other words, the manubrium
has absorbed the highest segment of the body. Keith has pointed out that this is the condition

most commonly met with in the gibbon, and regards its occurrence in man as a reversion to the

simian type. As far as is at present known, its occurrence seems more common in the lower

races. Through errors of development the sternum may be fissured throughout, due to failure

of fusion of the cartilaginoas hemisterna. The two ossified halves are usually widely separated

above, but united together below by an arthrodial joint. The heart and pericardium are thus

uncovered Vjy the bone. Occasionally this condition is associated with ectopia cordis, under
which circumstances life is rendered impossible. Through defects in ossification tlie body of the

sternum may be pierced by a hole, usually in its lower part, or through failure of fusion of the

collateral centres one or more of the segments of the body may be divided longitudinally.

Sometimes small ossicles are found in the ligaments of the sterno-clavicular articulation.

These are the so-called epistemal bones, 'the morphological significance of which, however, has

not yet been satisfactorily determined. They are by some regarded as the homologues of the

interclavicle or epistemal bone of monotremata, whilst by others they are considered to represent

persistent and detached portions of the pre-coracoids.

Bibs.

—

The number of ribs may be increased or diminished. Increase may occur by the addition

of a cervical rilj due to tlie indejiendent development of the costal element in the transverse

process of the seventh cervical vertebra. This may happen on one or both sides. The range of

development of these cervical ribs varies ; they may unite in front with tlie sternum, or they may
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be fused ariterioily with tlio cartilage of. tin: first rib, or the CL-rvical rib may be free. It may
in some iiistancea be represented mainly by a ligamentous band, or its vertebi-al and steruul

ends may be alone developed, the intermediate part being fibrou.s. At times the vertebral end
only may be formed, and may be fused with the first rib, thus leading to the formation of a
bicipital rib such as occui-s in many cetaceans. (For a det;iiled account of this anomaly see Wingate
Tod's paper in the Joum. of A nut. and Pliysiol. vol. xlvi. jjp. 244-288.) Increase in thenumber of ribs

may also be due to the ossification of the costal element whicli is normally present in the embryo
in conne.xion with the tii-st lumliar vertebra. (Rosenljerg, Murph. Jahrb. i.) Reduction in the

number of ribs is less common. The twelfth rib rarely aborts ; in some cases the fii'st rib is

rudimentary. Cases of congenital absence of some of the ribs have been recorded by Hutchin.son,

Murray, antl Ludeke. Fusion of adjacent ribs may occur. (Lane, Guy's Hosp. liejiorls, 1883.)

In this way, too, the occurrence of a bicipital rib is explained. This anomaly occurs most
usually in conne.xion with the first rib, which either fu.ses with a cervical rib above or with the

second rib below.

Variations in form may be in great part due to the occupation of the individual and the con-

stricting inlluencc of eorsets. Independently of these influences, the ventral part of the body is

sometimes cleft so as to appear double ; at other times the cleft may be incomj»lete so as to form
a j)erfoi'ation. Occasionally adjacent ribs are united towards their posterior part by processes

having an intermediate ossicle between (Meckel), thus recalling the condition normally met with
in birds ; more usually, however, the bony projections are not in contact.

The number of true or vertebro-sternal ribs may be reduced to six, or increased to eight {vide

ante, p. 276). Dwight (Journ. of Anat. and Physiol, vol. xlv. p. 438) describes a series of cases in

which the interval between the transverse process of the first thoracic vertebra and the neck of

the first ril) is bridged across or converted into a linear cleft by a dorsal exten.sion from the neck
of the rib.

Costal Cartilages.—Occasionally a costal cartilage is unduly broad, and may be pierced by a

foramen. The number of costal cartilages connected with the sternum may be reduced to six or

increased to eight (see j). 276). In advanced life there is a tendency towards ossification in the

layers underlying the perichondrium, more particularly in the case of the first rib cartilage, in

which it may be regarded as a more or less normal occurrence.

Frontal Bone.—The variation most frequently met with is a persistence of the suture

which unites the two halves of the bone in the infantile condition : skulls displaying this peculiarity

are termed metopic. The researches of various observers—Broca, Ranke, Gruber, Manouvrier,
Anoutchine, and Papillault (Rev. mens, de I'ecole d'Anthropol. de Paris, annde 6, n. 3)—point to the

more frequent occurrence of this metopic .sutxire in the higher than in the lower races of man ; and
Calmette asserts its greater frequence in the brachycephalic than the dolichocephalic type.

Separate ossicles (ossa suturarum) may occur in the region of the anterior fontanelle. The fusion

of these with one or other half of the frontal explains how the metopic suture is not always in

line with the sagittal suture (Stieda, Anat. Anz. 1897, p. 227) ; they occasionally persist, however,
and form by their coalescence a bregmatic bone. (G. Zoja, Bull. Scientifico, xvii. p. 76, Pavia.)

Turner {Challenger Reports, part xxix.) recoi-ds an instance of direct articulation of the frontal

with the frontal process of the maxilla in a Bush skull, and other examples of the same anomaly,
which obtains normally in the skulls of the chimpanzee and gorilla, have been observed. {Journ.

Anat. and Physiol, vol. xxiv. p. 349.)

There is sometimes a small arterial groove just medial to the supra-orbital notch or foramen,
and occasionally the latter is double, the lateral aperture piercing the orbital margin wide of

its middle point. Frequently the bone corresponding to the floor of the lacrimal fossa displays a

cribriform appearance.

Schwalbe (1901) records the presence of small independent ossicles (supra-nasal bones) in the

anterior part of the metopic suture. The same anatomist has also directed attention {Zeit. f.

Morph. und Anthr. vol. iii. p. 93) to the existence of the metopic fontanelle, first described by
Geifly, and the occurrence of metopic ossicles (ossa interfrontalia) and canals.

Parietal.—A number of cases have been recorded in which the parietal is divided into an
upjier and lower part by an antero-posterior suture parallel to the sagittal suture. Coraini

(Atti d. XI. Conyr. Med. Internaz. Roma, 1894, vol. v.) records a case in which the parietal was in-

completely divided into an anterior and posterior part by a vertical suture. A tripartite

condition of the bone has also been observed (Frasetto). The parietal foramina vary greatly

in size, and to some extent in position. They are sometimes absent on one or other side,

or both. They correspond in position to the sagittal fontanelle. Sometimes the ossification

of this fontanelle is incomplete and a small transverse fissure remains. The jjarietal foramen
represents the patent lateral extremity of this fissure after its edges have coalesced.

Occasionally in the region pf the anterior fontanelle an ossicle of variable size may be met with.

This is the so-called pre-interparietal bone. According to its fusion with adjacent bones it

may disturb the direction of the sagittal suture.

Occipital.—The torus occipitalis transversus is the term applied to an occasional eleva-

tion of the bone which includes the external occipital protuberance and extends laterally along

the superior curved line. Occasionally an emissary vein pierces the bone opposite the occipital

protuberance. In about 15 per cent, of cases the hypoglossal canal is double. Much rarer

three or even four foramina may be met with. The most striking of the many variations to

which this bone is subject is the separation of the upper part of the squamous part of the

occipital to form an independent bone—the interparietal bone, called also, from the frequency

18a
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of its occurrence in Peruvian skulls, the os Incce. By a reference to the account of the ossi-

fication of the bone, the occurrence of this anomaly is explained developmentally. In
place of forming a single bone the interparietal is occasionally met with in two symmetrical
halves, and instances have been recorded of its occurrence in three or even four pieces. In
the latter cases the two anterior parts form the pre-interparietals. Not imcommonly the
internal occipital crest is split and furrowed close to the foramen magnum for the lodgment of

the vermis of the cerebellum, and is hence called the vermiform fossa. Instances are
recorded of the presence of a sepai'ate epiphysis between the basi-occipital and the sphenoid,
the OS basiotwum (Albrecht) or the as pre-hasi-occipitale. An oval pit, the fovea bursae or
pharyngeal fossa, is sometimes seen in front of the tuberculum pharyngeum. This marks the
site of the bursa pharyngea. Occasionally the basilar part is pierced by a small venous
canal. The articular surface of the condyles is sometimes divided into an anterior and posterior
part. The so-called third occipital condyle is an outstanding process arising from the anterior
border of the foramen magnum, the extremity of which articulates with the dens of the
epistropheus. Guerri has recorded a case, in which in a foetal skull, there were two projecting
tubercles in the position of the third occipital condyle, independent of the basi-occipital portions
of the condyles. (Anat. Anz. vol. xix. p. 42.) This appears to confirm the view of Macalister
that there are two different structures included under this name—one a medial ossification in

the sheath of the notochord, and the second, a lateral, usually paired process, caused by the
deficiency of the medial part of the hypochordal element of the hindmost occipital vertebra,

with thickenings of the lateral parts of the arch. Springing from the under surface of the
extremity of the jugular process, a rough or smooth elevated surface, or else a projecting jjrocess,

the extremity of which may articulate with the transverse process of the atlas, is sometimes
met with. This is the paroccipital or paramastoid process. The size and shape of the foramen
magnum varies much in different individuals and races, as also the disposition of its plane.

Elliot Smith has called attention to the asymmetry of the cerebral fossae, which is correlated
with asymmetrj' of the occipital poles of the cerebral hemispheres. Numerous instances of fusion
of the atlas with the occipital bone have been recorded. Many are, no doubt, pathological in
their origin ; others are associated with errors in development. Interesting anomalies are those
in which there is evidence of the intercalation of a new vertebral element between the atlas and
occipital, constituting what is termed a pro-atlas.

Temporal Bone.—The occurrence of a deficiency in the floor of the external acoustic meatus
is not uncommon in the adult. It is met with commonly in the' child till about the age of five,

and is due to incomplete ossification of the tympanic plate. The line of the petro-squamosal
suture is occasionally grooved for the lodgment of a sinus (petro-squamosal) ; sometimes the
posterior end of this is continuous with a canal which pierces the superior border of the bone
and opens into the transverse sinus. Anteriorly the groove may pass into a canal which pierces

the root of the zygoma and ajapears externally above the lateral extremity of the petro-tympanic
fissure. These are the remains of channels through which the blood passed in the foetal condition
(see ante). Kazzander has recorded a case in which the squamous part of the temporal was
pneumatic, the sinus reaching as high as the parietal and the squamoso - sphenoidal suture.

Symington has described a case in which the squamous part was distinct and separate from
the rest of the temporal bone in an adult ; whilst Hyrtl has observed the division of the
squamous part of the temporal into two by a transverse suture. The zygomatic process has been
observed separated from the rest of the bone by a suture close to its root (Adacni). P. P. Laidlaw
(Journ. Anat. and Physiol, vol. xxxvii. p. 364) describes a temporal bone in which there was
absence of the internal acoustic meatus and of the stylo-mastoid foramen. The jugular fossa

also was absent, and there was partial absence of the groove for the transverse sinus, associated with
the presence of a large mastoid foramen. An instance of a rudimentary condition of the carotid
i;anal is also referred to in the same volume by G. H. K. Macalister.

G. Caribbe {Anat. Anz. vol. xx. p. 81) notes the occurrence in idiots and imbeciles of a more
I)ronounced form of post-glenoid tubercle, and associates it with regressive changes in the develop-
ment of the temporal bone.

Sphenoid.—Through imperfect ossification the foramen spinosum and foramen ovale are
sometimes incomplete posteriorly. Le Double (Bull, et mim. de la Soc. d'Anth. de Paris, 5« sdr.

vol. iii. p. 550) records a case in which the foramen rotundum and the superior orbital fissure

were united so as to form a single cleft.

Through deficiency of its lateral wall, the optic foramen, in rare instances, communicates
with the superior orbital fissure. Duplication of the optic foramen is also recorded as a rare

occurrence, the artery passing through one canal, the nerve through the otliei-. Persistence of

the cranio -pharyngeal canal is also occasionally met with. Owing to the ossification of fibrous

bands whicn frequently connect the several bony points, anomalous foramina are frequently
met with. Of such are the carotico-clinoid formed by the union of the anterior and middle
clinoid processes, the jjterygo-spinous foramen enclosed by the ossification of the ligament con-
necting the angular spine with the lateral pterygoid lamina, and the porus crotaphitico-

buccinatorius similarly developed by the o.ssification of ligament immediately below and lateral

to the inferior aperture of the foramen ovale.

Ethmoid.—Tlie size of the lamina papyracea is liable to considerable variations. In the lower
races it tends to be narrower from above downwards than in the higher, in tliis respect resem-
bling the condition met with in the anthropoids. The lamina papyracea may fail to articulate
with the lacrimal owing to the union of the frontal with the frontal process of the maxilla
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in front of it. (Orltito-niaxillary-fiontal suture. A. Thoni.s(jn, Junrn. Anut. and J'hysiul.

vol. xxiv.
J).

349.) Divihiun of the l.uiiina pajiyiiicca ]>y a vertical suture into an anteritjr and
posterior part ha.s been freepiently recoixled. The number of the conchui may be increased from
two to four, or may be reduct-d to one. (Report of Committee of Collect. Invest., Journ. Anal,

and Physiol, vol. xxviii. j). 74.)

Maxillse.—Not infrec[uently there is a Buture loimiing vertically through the bar of bone
wliich -separates the infra-orbital foramen from the infra-orbital margin. Through imperfections

in ossification, the infra-orljital canal nuay form an open groove along the floor of the orbit.

Duckworth records four instances of a spinous process ])rojectiug inwards into the apertura
piriformis from the lower part of the na.sal notch. A case has Ijeen described (Fischel) in which
there was complete absence of the premaxilUe, together with the incisor teeth.

A not uncommon anomaly is the occurrence of a rounded elongated ridge extending along
the interpalatal or intermaxillaiy sutures on the under surface of the hard palate. This is called

the torus palatiniis, and is of interest because its pre.seuce has given rise to the assumption that it

was due to a pathological growth. (See Stieda, Virchow's Festschrift, vol. i. p. 147.)

The sulcus lacrim.ilis may be constricted towai-ds its centre.

A part of the maxillaiy sinus may be constricted off anteriorly and, owing to its relation to

the naso-lacriuud duct, is called the recessus LicrinialLs.

UudeiAvood {Journ. Anat. and Physiol, vol. xliv. p. 359) records the occurrence of all but
complete .septa dividing the cavity of the maxillary sinus.

Zygomatic Bone.—Cases of division of the zygomatic bone by a horizontal suture have been
recorded, as well as instances of its separation into two parts by a vertical suture. Owing to the

supposed more frequent occurrence of this divided condition in Asiatics the zygomatic has been
named the os Japonicuni. Barclay Smith (" Proc. Anat. Soc," Journ. Anat. and Physiol., Apiil 1898,

p. 40) describes a case in which the zygomatic Ijone was divided into two parts, an ujjper and
lower, by a backward extension of the maxilla, which articulated with the zygomatic process of

the temporal, thus forming a temporo-maxillary arch. Varieties of a like kind have also been
described by Gruber and others. Cases have been noted wliere, owing to deficiency in the develop-

ment of the zygomatic, the continuity of the zygomatic arch has been incomplete.

Nasal Bones.—The size and configuration of the nasal bones vary greatly in different mces,

being, as a rule, large and prominent in the white races, and flat and reduced in size, as well as

depressed, in the Mongolian and Negro stock. Complete absence of the nasal bones lias been
recorded, and their division into two or more parts has also been noted. Obliteration of the

internasal suture is unusual ; it is stated to occur more frequently in negroes, and is the
recognised condition in adult apes.

Duckworth has recorded a case {Journ. Anat. and Physiol, vol. xxxvi. p. 257) of undue extension
downwards of the nasal bone, which may be perhaps accounted for on the supposition that the
lower part is a persistent portion of the premaxiUa.

Lacrimal.—The lacrimal is occasionally absent. In some cases it is divided into two
parts ; in others replaced by a number of smaller ossicles. In rare instances the hamulus may
extend forwards to reach the orbital margin, and so bear a share in the formation of the face, as in

lenjurs (Gegenbauer). In other instances the hamulus is much reduced in size. Occasionally
the lacrimal is separated from the lamina papyracea of the ethmoid by a down-growth from
the frontal, which articulates with the frontal process of the maxilla, as is the normal disposition

in the gorilla and chimpanzee. (Turner, Challenger Reports, "Zoology," vol. x. Part IV. Plate I.

;

and A. Thomson, Journ. Anat. and Physiol, London, vol. xxiv. p. 349.)

Inferior Concha.—A case in which the inferior concha; were absent has been recorded
by Hyrtl.

Vomer.—Owing to imperfect ossification there may be a deficiency in the bone, filled up
during life l)y cartilage. Tne separation of the two lamellae along the anterior border varies

considerably, and instances are recorded where they were separated by a considerable cavity
within the substance of the bone. Instances of an extension forwards of the sphenoidal air

sinus into and separating the lamime of the bone have also been described. The spheno-vomerine
canal is a minute opening behind the rostrum of the sphenoid, and between it and the ala; of the
vomer, by which the nutrient artery enters the bone.

Palate Bones.—The occurrence of a torus palatinus may be noted (see Variations of Maxilla).

Mandible.—Considerable differences are met with in the height of the coronoid process :

usually its summit reaches the same level as the condyle, or slightly above it ; occasionally, how-
ever, it rises to a much higher level ; in other cases it is much reduced. These differences
naturally react on the form of the mandilnilar notch. The projection of the mental protuberance
is also liable to vary. Occasionally the mental foramen is double, and sometimes the mylo-hyoid
groove is for a short distance Converted into a canaL There is often a marked eversion of the
angle of the mandible, which Dieulafe homologises with the angular apophysis met with in
lemurs and caruivora.

Clavicle.—The clavicles of women are more slender, less curved, and shorter than those of
men. In the latter the bone is so inclined that its acromial end lies slightly higher or on the same
level with the sternal end. In women the bone usually .slopes a little downwanl and laterally.

The more pronounced curves of some bones are probably associated with a more powerful
develo])ment of the jjcctoral and deltoid mu.scle.s, a circumstance which also affords an explana-
tion of the differences usually seen between the right and left bones, the habitual use of the right
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upper limb reacting on the form of the bone of that side. Tlie influence of muscular action,

however, does not wholly account for the jiroduction of the curves of the bone, since the bone

has been shown to display its characteristic features in cases where there has been defective de-

velopment or absence of the upper limb (Reynault). Partial or complete absence of the clavicle

has been recorded. W. S. Taylor exhibited an interesting case of this kind at the Clinical

Society of London, October 25, 1901. Sometimes there is a small canal through the anterior

border of the bone near its middle for the transmission of one of the supra-clavicular nerves.

Scapula.—The most common variation met with is a separated acromion. In these

cases there has been failure in the ossific union between the spine and acromion, the

junction between the two being effected by a layer of cartilage or by an articulation possessing a

joint cavity. The condition is usually symmetrical on both sides, though instances are recorded

where this arrangement is unilateral Very much rarer is the condition in which the coracoid

2)rocess is separable from the rest of the bone. The size and form of the scapular notch differs.

In certain cases the superior border of the bone describes a uniform curve reaching the base

of the coracoid without any indication of a notch. In some scapulae, more particularly in

those of very old people, the floor of the subscapular fossa is deficient owing to the absorption of

the thin bone, the periosteal layers alone filling up the gap.

At birth the vertical length of the bone is less in proportion to its width than in the adult.

Humerus,—As has been stated in the description of the bone, the olecranon and coro-

noid fossae may communicate with each other in the macerated bone. The resulting supra-

trochlear foramen is most commonly met with in the lower races of man, as well as in the

anthropoid apes, and in some other mammals. The occurrence of a hook-like spine, called the

epicondijlic process, which projects in front of the medial epicondylic ridge, is not uncommon.
Its extremity is connected with the medial epicondyle by means of a fibrous band, underneath

which the median nerve, accompanied by the brachial artery, or one of its large branches, may
pass, or in some instances, the nerve alone, or the artery unaccompanied by the nerve. This

arrangement is the homologue in a rudimentary form of a canal present in many animals,

notably in the camivora and marsupials. In addition to the broad radial groove already

described, and which is no doubt produced by the twisting or torsion of the body, there is

occasionally a distinct narrow groove posterior to it, which marks precisely the course of the

radial nerve as it turns round the lateral side of the body of the bone.

Ulna.—Cases of partial or complete absence of the ulna through congenital defect have

been recorded. Rosenmiiller has described a case in which the olecranon was separated from the

proximal end of the bone, resembling thus in some respects the patella. In powerfully developed

bones there is a tendency to the formation of a sharp projecting crest corresponding to the inser-

tion of the triceps.

Eadius.—Cases of congenital absence of the radius are recorded ; in these the thumb is

not infrequently wanting as welL

Carpus.—Increase in the number of the carpal elements is occasionally met with, and

these have been ascribed to division of the navicular, os lunatum, os triquetrum, capitate, lesser

multangular, and os hamatum. Of these the most interesting is the os centrale, first described

by Rosenberg, and subsequently investigated by Henke, Leboucq, and others. This is met with

almost invariably as an independent cartilaginous element during the earlier months of foetal

life, and occasionally becomes developed into a distinct ossicle placed on the back of the carpus

between the navicular and capitate bones and the lesser multangular. Its significance depends

on the fact that it is an important component of the carpus in most mammals, and is met

with normally in the orang and most monkeys. Ordinarily in man, as was pointed out l^y

Leboucq, it becomes fused with the navicular, where its presence is often indicated by a small

tubercle, a condition which obtains in the chimpanzee, the gorilla, and the gibbons. Dwight

has described a case in which there was an OS subcapitulum in both hands. The ossicle lay

between the base of the middle metacarpal bone and the capitate bone, with the lesser multangular

to its radial side. {Anat. Anz. vol. xxiv.) Further addition to the number of the carpal elements

may be due to the separation of the styloid process of the third metacarpal bone and its persistence

as a separate ossicle.

Reduction in the number of the carpus has been met with, biit this is probably due to

pathological cau.ses. Morestin {Bull. Soc. Anat. de Paris, tome 71, p. 651), who has investigated

the subject, finds that ankylosis occurs most frequently between the bases of the second and

third metacarpal bones and the carpus, seldom or never between the carpus and the first meta-

carpal, or between the pisiform and os triquetrum. Instances of complete fusion of the os

lunatum and triquetral bones, without any apparent pathological change, have been recorded

in Europeans, Negroes, and an Australian.

Metacarpal Bones. — As previously stated above, the styloid process of the third

metacarpal bone appeara as a separate ossicle in about 1-8 per cent, of cases examined. (" Fourth

Annual Report of the Committee of Collect. Invest. Anat. Soc. Gt. Brit, and Ireland," Journ.

Anal, and Physiol, vol. xxviii. p. 64) In place of being united to the third metacarpal,

the styloid process may be fused with either the capitate bone or the lesser multangular, under

which conditions the ba.se of the third metacarpal bone is without this characteristic apophysis.

Phalanges.—Several in.stances have been recorded of cases in which there were three phalanges

in the thuml>. Bifurcation of the terminal phalanges has occasionally been met with, and examples

of suppression of a phalangeal segment or its absorption by another phalanx have also been de-

scribed. (Ha.sselwander, Zeits. f'tir Morph. u. Anthr. vol. vi. 1903.)
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Hip Bone.—Suiue of tlio auomalics liiet with in the liip Ixjiie aiu due to ossiBcatiou of the

li^'iuiRiits coum-clL-il witli it; in otherwises llicy (h'lmiid on errora of develojuueiit. Failure

of union between tlie jmbic and ischial rami has also Ijeen recorded. Cases have occurred where
tlie oliturutor groove has l)een l)ri(iged across hy hone, and one case is noted of absence of the

acetabular notcii on the acetal)ular margin. In rare cases the os acetabuli (see Ossification)

remains as a separate bone. Derry (Jinirti. Aiiat. and I'ltyniol. vol. xlv. p. 202) lias drawn attention

to the occurrence of a small accessf)ry articular facet, situated on the rough non-articular area im-

mediately liehiml the auricul.ir surface of the ilium, which articulates witli a depressed facet on the

posterior surface of the .sacrum to the lateral side of the first posterior sacral foramen, in the neigh-

Ijourhood of the transverse j)rocess of the .second sacral segment. Tliis he liomelogises with liie

normal articulation l)etweenthe ilium and sacral transverse ])rocesses found in many lower animals.

Femur.—Ab.sence of the fovea on the head of the femur for the attaclnnent of the liga-

mentum teres has been recorded. This corresponds with the condition met with in the orang.

Not infrequently there is an extension of the articular surface of the head on to the anterior and

ui)per a.spect of the nock ; this is a "pressure facet" cau.sed by the contact of the iliac portion

of the acetabular margin with the neck of the bone, when the limb is maintained for long jjcriods

in the Hexed position, as in tailors, and also in those races who habitually squat (Lane, Joum.
Anat. and Physiol, vol. xxii. p. 606).

The occurrence of a trochanter tertius has been already referred to. Its presence is not
confinetl to individuals of })owerful physique, but may occur in those of slender build, so far

suggesting that it is not to be regarded merely as an indication of excessive muscular develop-

ment. The observations of Dixon (Joum. Anat. and Physiol, vol. xxx. p. 502), who noted the

occurrence of a separate epij)hysis in three cases in connexion with it, seem to point to its

possessing some morphological significance. Occasionally the gluteal tuberosity may be replaced

l)y a hollow, the fossa hypotrochanterica, or in some cases the two may co-exist.

The angle of the neck is more ojjcn in the child than in the adult, and tends to be less

when the femoral length is short and the pelvic width great—conditions which jjarticularly

appertain to the female. There is no evidence to show that after growth is comjjleted any
alteration takes place in the angle with advancing vears (Humphry).

The curvature of the body may undergo considerable variations, and the ai)pearance of the

j)osterior surface of the bone may be modified by an absence of the linea asjjera, a condition

resembling that seen in apes ; or by an unusual elevation of the bone which supports the ridge

(fSmur a jnlastre), produced, as Manouvrier has suggested, by the excessive development of the

muscles here attached.

Under the term " platyinerie," Manouvrier describes an antero-posterior compression of the

l)roximal part of the body, frequently met with in the femora of prehistoric races.

Patella.—Cases of congenital absence of the patella have been recorded.

F. C. Keni})3on {Joum. Anat. and Physiol, vol. xxxvi.) has recently drawn attention to the

condition described as emargination of the patella. In specimens displaying this appearance the

margin of the bones is concave from a point about half an inch to the lateral side of the middle
line, to a point half-way down the lateral margin of the bone; here there is usually a pointed
spine directed proximally and laterally. The condition appears to be associated with the insertion

of the tendon of the vastus lateralis. G. Joachimstal (Archiv u. Atlas der normalen und patholo-

yischen Anatomie in typischen Rdntyenhildern, Bd. 8) figures a case in which on both sides the

])atella was double in an adult, the distal and much the smaller portion was embedded in the

ligamentum patelkt.

Tibia.—The tibia is often unduly compressed from side to side, leading to an increase in its

antero-jjosterior diameter as compared with its transverse width. This condition is more
commonly met with in the bones of prehistoric and savage races than in modern Europeans.
Attention was first directed to this particular form by Busk, wdio named the condition
platyknemia. The general appearance of such tibiae resembles that seen in the apes, and
de])ends on an exceptional development of the tibialis posterior muscle, though, as Manouvrier
has pointed out, in apes this is associated with the direct action of the muscle on the foot, as in

climbing, whereas in man, as a consequence of the bipedal mode of progression, the muscle is

employed in an inverse sense, viz., by steadying the tibia on the foot, and thus ])roviding a fixed

base on which the femur can move. This explanation, however, is disputed by Derry {Joum.
Anat. and Phys. vol. xli. p. 123). Such platyknemic tibiie are occasionally met with in the

more highly civilised races, and are, according to Manouvrier, associated with habits of great

activity among the inhabitants of rough and mountainous districts.

Another interesting condition is one in which the proximal extremity is more strongly recurved
than is usual. This retroversion of the head of the tibia was at one time supjiosed to represent

an intermediate condition in which the knee could not be fully extended so as to bring the axis

of the leg in line with the thigh ; but such opinion has now been upset by the researches of

Manouvrier, who claims that it is the outcome of a habit not uncommon amongst peasants and
countrymen, viz., that of walking habitually with the knees slightly bent.

Habitual posture also leaves its impress on the form of the tibia, and in races in which the
use of the chair is unknown, the extreme degree of flexion of the knee and ankle necessitated by
the adoption of the squatting position as an attitude of habitual rest is associated with an increase

in the convexity of the lateral cond^dic surface, and the appearance, not infrequently, of a

pressure facet on the anterior border of the distal extremity, which rests in that position on the
neck of the talus. Cases of congenital absence of the tibia have been frequently described,

amongst the most recent being those recorded by Clutton, Joachimsthal, Bland-Sutton, and Waitz.
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Fibula.—The fibiila may be ridged and grooved in a remarkable manner, as is the case in

many bones of prehistoric races. This is probably associated with a greater development and

perhaps with more active use of the muscles attached to it.

The proximal articular facet varies much in size. Bennett {Dublin Joum. Med. Sc, Aug.

1891) records a case in wliich it was double, and also notes the occurrence of specimens in which

it was absent and in which the head of the bone did not reach the lateral condyle of the tibia.

Many instances of partial or complete absence of the bone have been published. (Lefebre,

Contribution a Vitude de Vabsence congenitale die peron^, Lille, 1895.)

Talus.—The anterior calcanean facet is sometimes separated from the middle by a non-

articular furrow. The posterior process, often largely developed, is occasionally (2-6 per cent.)

a separate ossicle forming what is known as the os trigonum (Bardeleben) ; or it may be

united to the body of the talus by a distinct synchondrosis. A smooth articular surface may
occasionally be found on the medial side of the proximal surface of the neck. This is a pressure

facet dependent on the frequent use of the ankle-joint in a condition of extreme flexion, and

is caused by the opposition of the bone against the anterior edge of the distal end of the tibia.

The form of the bone at birth differs from that of the adult in that the medial splay of the

neck on the body is more pronounced, forming on an average an angle of 35° as compared with

a mean of 12° in the adult ; moreover, the articular surface for the medial malleolus extends

forwards along the medial side of the neck, and to some extent overruns its superior surface.

This is doubtless a consequence of the inverted position of the foot maintained by the foetus
,

during intra-uterine life. In these respects the foetal bone conforms to the anthropoid type.

For a detailed study of the varieties of this bone, see R. B. S. Sewell. (Joum. Anat. and Physiol.

voL xxxviii.)

Calcaneus.—The trochlear process is occasionally unduly prominent, constituting the sub-

malleolar apophysis of Hyrtl, and cases are recorded of the calcaneus articulating with the

navicular. (Morestin, H., Bull, de la Soc. Anat. de Paris, 1894, 5^ sir. t. 8, n. 24, p. 798 ; and

Petrini, Atti del XL Gongr. Med. Internaz. Roma, 1894, voL ii., "Anat." p. 71.) Pfitzner {Morplio-

logische Arbeiten, vol. vi. p. 245) also records the separation of the sustentaculum tali to form an

OS sustentacula (See also P. P. Laidlaw, Joum. Anat. and Physiol, vol. xxxviii. p. 133.)

Navicular.—According to Manners Smith this bone displays more variety of form than

any other of the tarsal bones. He accounts for this both on morphological and mechanical

grounds. He regards the tuberosity as probably of threefold origin, an apophysial, an epij)hysial,

and a sesamoid element, the latter being the so-called sesamoid bone in the tendon of the

tibialis posterior. Cases are recorded where the tuberosity has formed an independent ossicle.

Cuneiform Bones.—Numerous cases of division of the first cuneiform bone into dorsal

and plantar parts have been recorded ; the frequent division of its metatarsal articular facet is no

doubt correlated with this anomalous condition. T. Dwight has described {Anat. Anz. voL xx.

p. 465) in two instances the occurrence of an os intercuneiforme. The ossicle so named lies on

the dorsum of the foot at the posterior end of the line of articulation between the first and

second cuneiform bones.

Cuboid.—Blandin has recorded a case of division of the cuboid. Occasionally there is a

facet on the lateral surface of the bone for articulation with the tuberosity of the fifth metatarsal

(Manners Smith).

Tarsus as a Whole.—Increase in the number of the tarsal elements may be due to the

occurrence of division of either the first cuneiform or the cuboid bone, or to the occasional

presence of an os trigonum. Cases of separation of the tuberosity of the navicular bone have

been recorded, and instances of supernumerary ossicles l^etween the first cuneiform and

second metatarsal bone have been noted. Stieda mentions the occurrence of a small ossicle

in connexion with the articular surface on the anterior and upper part of the calcaneus, and

Pfitzner notes the occurrence of an os sustentaculi. For further information on the variations

of the skeleton of the foot, see Pfitzner. {Morphologische Arbeiten, vol vi. p. 245.)

The possibility of an injury having been the cause of the occurrence of some of these so-called

supernumerary ossicles must not be overlooked. The use of the Rontgen rays has proved that

accidents of this kind are much more frequent than was at first sujDposed.

The reduction in the number of the tarsus is due to the osseous union of adjacent bones. In

many instances this is undoubtedly pathological, but cases have been noticed (Leboucq) of fusion

of the cartilaginous elements of the calcaneus and talus, and the calcaneus and^ navicular

in fcjctuses of the third month.

Metatarsal Bones.—Several instances of separation of the tuberosity of the fifth metatarsal

(o3 Vesaleanuni) have been recorded, whilst numerous examples of an os intermetatarsum between

the bases of the first and second metatarsal bones have been recorded by Gruber and others.

The tubercle on the base of the first metatarsal for the attachment of the peronaeus longus tendon

is occasionally met with as a separate ossicle. An epiphysis over the spot where the tuberosity

of tlie fifth metatarsal rests on the ground has been described. (Kirchner, Archiv klin. Chir. B 80.)

Phalanges.— It is not uncommon to meet with fusion of the second and third phalanges,

j)articularly in the fiftli, less frequently in the fourth, and occasionally in the second and third

toe.s. The union of the phalangeal elements has been observed in the foetus as well as the

adult (Pfitzner). The proportionate length of the phalanges varies much ; in some cases the

imgual phalanges are of fair size, the bones of the second row being mere nodules, whilst in other

instances the reduction in size of the terminal phalanges is most marked.
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APPENDIX C.

SERIAL HOMOLOGIES OF THE VERTEBRAE.
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It is a self-evident fact that the vertebral coluiim consists of a number of segments or verte-

bne all possessing some charactere in common. These vertebrte or segments undergo modifications

according to the region they oc-

cupy and the functions they are

called upon to serve, so that their

correspondence and identity is

thereby obscured. Tliere is no
diflSculty in recognising the homo-
logy of the bodies and veitel)ral

arches throughout the column.

According to some anatomists the

vertebral arch is the more primi-

tive element in the formation of a

vertebra, whilst others hold that

the bodies are the foundation of the

column- Be that as it may, we find

that in the higher vertebrates, at

least, the bodies are the parts which
most persist. They are, however,

subject to modifications dependent
on their fusion with one another.

This occurs in the cervical part

of the column where the body
of the first cervical or atlas has

for functional reasons become
fused with the body of the

second or epistropheus to form

the dens of that segment. For
similar reasons, and in association

with the union of the girdle of

the hind-limb with the column,

the bodies of the vertebrte which
correspond to the sacral segment
become fused together to form a

solid mass. In tlie terminal por-

tion of the caudal region the bodies

alone represent the vertebral seg-

ments.

As i-egards the vertebral arch,

this in man becomes
deficient in the lower

sacral region, and absent

altogether in the lower

coccygeal segments. The
spinous processes are

absent in the case of the

first cervical, lower

sacral, and all the coc-

cygeal vertebrte, and
display characteristic

dift'erences in the cervi-

cal, thoracic, and lum-

bar regions, which have
been already described.

The articular processes

(zygajtophyses) are
secondary develop-
ments, and display great

divei-sity of form, deter-

mined by their func-

tional requirements. It

is noteworthy that, in

the case of the upper

two cervical vertebrae, they are so disposed as to lie in front of the foramina of exit of the

upper two spinal nerves, and by this arrangement the weight of the head is transmitted to the

solid column formed by the vertebral bodies, and not on to the series of vertebral arches. It is in

regard to the homology of the transvei-se processes, so called, that most difficulty arises. In the
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Fig. 280.—Diagram to illustrate the Homologous Parts of the Vkrtebk.*:.

The bodies are coloured purple ; the vertebral arch aud its processes, red ;
the costal

elements, blue. A, from above. B, from the side.
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thoracic region they can best be studied in their siniialest form ; here the ribs—which Gegenbauer
regards as a differentiation from the inferior or haemal arches, in opposition to the view advanced
by others that they are a secondary development from the fibrous intermuscular septa—articulate

with the transverse processes and bodies of the thoracic vertebrae through the agency of the
tubercular (diapophyses ) and capitular (parapophyses) processes respectively, the latter being
placed, strictly speaking, on the vertebral arch behind the line.of the neuro-central synchondrosis.

An interval is thus left between the neck of the rib and the front of the transverse process
;

this forms an arterial passage which corresponds to the foramen transversarium in the transverse

processes of the cervical vertebrte, the anterior bar of which is homologous with the head and
tubercle of the thoracic rib, whilst the posterior part lies in series with the thoracic transverse

process. These homologies are further emiDhasised by the fact that in the case of the seventh
cervical vertebra the anterior limb of the so-called transverse process is developed from an
independent ossific centre, which occasionally persists in an independent form as a cervical rib.

In the lumbar region the lateral or transverse process is serially homologous with the

thoracic ribs, though here, owing to the coalescence of the contiguous parts, there is no arterial

channel between the rib element and the true transverse process, which is represented by the

accessory processes (anapophyses), placed posteriorly at the root of the so-called transverse

process of human anatomy. Support is given to this view by the presence of a distinct costal

element in connexion with the transverse process of the first lumbar vertebra, which accounts

for the occasional formation of a supernumerary rib in this region. The cases of foramina in the

transverse processes of the lumbar vertebrae (see p. 275) are also noteworthy as supporting this view.

In the sacrum the lateral part of the bone is made up of combined transverse and costal

elements, with only very exceptionally an intervening arterial channel. In the case of the

upper three sacral segments the costal elements are largely developed and assist in support-

ing the ilia, and they are called the true sacral vertebrte ; whilst the lower sacral segments,

which are not in contact with the ilia, are referred to as the pseudo-sacral vertebrae.

The anterior arch of the atlas vertebra is, according to Froriep, developed from a hypochordal
strip of cartilage (hypochordal spange).

APPENDIX D.

MEASUREMENTS AND INDICES EMPLOYED IN PHYSICAL ANTHROPOLOGY.

(1) Craniometry.

The various groups of mankind display in their physical attributes certain features which are

more or less characteristic of the stock to which they belong. Craniology deals with these

differences so far as they affect the skull. The method whereby these differences are recorded

involves the accurate measurement of the skull in most of its details. Such procedure is included

under the term craniometry. Here only the outlines of the subject are briefly referred to ;

for such as desire fuller information on the subject, the works of Broca, Topinard, Flower, and
Turner may be consulted.

The races of man display great variations in regard to the size of the skull. Apart altogether

from individual differences and the proportion of head-size to body-height, it may be generally

assumed that the size of the skull in the more highly civilised races is much in excess of that

displayed in lower types. The size of the head is intimately correlated with the develop-

ment of the brain. By measuring the capacity of that part of the skull occupied by the

encephalon, we are enabled to form some estimate of the size of the brain. The cranial capacity

is determined by filling the cranial cavity with some suitable material and then taking the

cubage of its contents. Various methods are employed, each of which has its advantage. The use

of fluids, which of course would be the most accurate, is rendered impracticable, without special

precautions, owing to the fact that the macerated skull is pierced by so many foramina. As a

matter of practice, it is found that leaden shot, glass beads, or seeds of various sorts are the most
serviceable. The results obtained display a considerable range of variation. For purposes of

classification and comparison, skulls are grouped according to their cranial capacity into the

following varieties :

—

Microcephalic skulls are those with a capacity below 1350 c.c, and include such well-known
races as Andamanese, Veddahs, Australians, Bushmen, Tasmaniaiis, etc.

Mesocephalic skulls range from 1350 c.c. to 1450 c.c, and embrace examples of the following

varieties : American Indians, Chinese, some African Negroes.

Megacephalic skulls are those with a capacity over 1450 c.c, and are most commonly met
with in the more highly civilised races : Mixed Europeans, Japanese, etc.

Apart from its size, the form of the cranium has been regarded as an important factor in

the classification of skulls ; though whether these differences in shape liave not been unduly
emphasised in the past is open to question.

The relation of the breadth to the length of the skull is expressed by means of the cephalic

index which records the proportion of the maximum breadth to the maximum length of the

skull, assuming the latter equal 100, or

—

Max. breadth x 100 -, , , . . ,

,, , , = Cephalic index.
Max. length
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The results are classified into three gr9up3 :

—

1. Dolichocephalic, with an index below 75 : Australians, KatFirs, Zulus, Eskimo, Fijians.

2. Mesaticephalic, ranging from 75 to 80 : Europeans (mixed), Chinese, Polynesians (mixed).

3. Brachycephalic, with an index over 80 : Malays, Burmese, American Indians, Anda-
manese.

In order to provide for uniformity in the results of different ol)servere, some system is neces-

sary by which the various points from which the measurements are taken must correspond.
Whilst there is much difference in the value of the measurements insi.sted on by individual
anatomists, all af'ree in endeavouring to select such points on the skull as may be readily deter-

mined, and which have a fairly fixed anatomical position. The more important of these " fixed

points " are included in the subjoined table :

—

Stephanion

Obklion

Maximum occiriTAi,
POINT

Inion
jugal point

Akanthion

Prosthion
(alTSSIar point)

POGOJJION

Nasion.—The middle of the naso-frontal suture.

G-labella.—A jjoint midway between the two superciliary ridges.

Opliryon.—The central point of the narrowest transverse diameter of the forehead, measured
from one temporal line to the other.

Inion.—Tlie external occipital protuberance.

Maximum Occipital Point.—The point on the squamous part of the occipital in the sagittal

plane most distant from the glabella.

Opisthion.—The middle of the posterior margin of the foramen magnum.
Basion.—The middle of the anterior margin of the foramen magnum.
Bregma.—The point of junction of the coronal and sagittal sutures.

Rhinion.—The most prominent point at which the nasal bones touch one another.

Alveolar Point or Prosthion.—The centre of the anterior margin of the upper alveolar

margin.

Subnasal Point.—The middle of the inferior border of the piriform (anterior nasal) aper-

ture at the centre of the anterior nasal spine.

Akanthion.—The most prominent point on the nasal spine.

Vertex.—The summit of the cranial vault.

Obelion.—A point over the sagittal suture, on a line with the parietal foramina.

Lambda.—The meeting-point of the sagittal and lambdoid sutures.

Pterion.—The region of the antero-lateral fontanelle where the angles of the frontal, parietal,

squamous part of the temporal, and great wing of sphenoid lie in relation to one
another. As a rule, the sutures are arranged like the letter Hj the parietal and
great wing of sphenoid separating the frontal from the squamous temporal. In
other cases the form of the suture is like an X ; whilst in a third variety the

frontal and squamous part of the temporal articulate with each other, thus separating

the great wing from the parietal.

Asterion is the region of the postero-lateral fontanelle where the lambdoid, parieto-mastoid,

and occipito-mastoid sutures meet.

Stephanion.— The point where the coronal suture crosses the temporal line.

Dacryon.—The point where the vertical lacrimo-maxillary suture meets the fronto-nasal

suture at the inner angle of the orbit.



286 OSTEOLOGY.

Jugal Point.—Corresponds to the angle between the vei-tical border and the margin of the

temporal process of the zygomatic bone.

Supra-auricular Point.—A point immediately above the middle of the orifice of the

external acoustic meatus close to the edge of the posterior root of the zygoma.
Gonion.—The lateral side of the angle of the mandible.
Pogonion.—The most prominent point of the chin as represented on the mandible.

The measurements of the length of the skull may be taken between a variety of points—the
nasion, glabella, or ophryon in front, and the inion or maximum occipital point behind. Or the

maximum length alone may be taken without reference to any fixed points. In all cases it is

better to state precisely where the measurement is taken. The maximum breadth of the head is

very variable as regards its jJosition ; it is advisable to note whether it occurs above or below the

parieto-squamosal suture. The inter-relation of these measurements as expressed by the cephalic

index has been already referred to. The width of the head may also be measured from one asterion

to tlie other, biasterionic width, or by taking the bistephanic diameter.

The height of the cranium is usually ascertained by measuring the distance from the basion

to the bregma. The relation of the height to the length may be expressed by the height or

vertical index, thus—
Height X 100 „ .. ...—s —= Vertical index.

Length

Skulls are classified in accordance with the relations of length and height as follows :

—

Tapeinocephalic index below 72. Chamsecephalic index up to 70.

Metriocephalic index between 72 and 77. Orthocephalic index from 70-1 to 75.

Akrocephalic index above 77 (Turner). °^ Hypsicephalic index 75-1 and upwards
(Kollmann, Ranke, and Virchow).

The horizontal circumference of the cranium, which ranges from 450 mm. to 550 mm., is

measured around a plane cutting the glabella or ophryon anteriorly, and the maximum occipital

point posteriorly. The longitudinal arc is measured from the nasion in front to the opisthion

behind ; if to this be added the basi-nasal length and the distance between the basion and the
opisthion, we have a record of the vertico-median circumference of the cranium. This may further

be divided by measuring the lengths of the frontal, parietal, and occipital jDortions of the
superior longitudinal arc. In this way the relative proportions of these bones' may be
expressed.

The measurements of the skeleton of the face are more complex, but, on the whole, of greater

value than the measurements of the cranium. It is in the face that the characteristic features of

race are best observed, and it is here that osseous structure most accurately records the form and
proportions of the living.

The form of the face varies, like that of the cranium, in the relative proportions of its length
and breadth. Generally speaking, a dolichocephalic cranium is associated with a long face, whilst

the brachycephalic type of head is correlated with a rounder and shorter face. This rule, how-
ever, is not universal, and there are many exceptions to it.

The determination of the facial index varies according to whether the measurements are made
with or without the., mandible in position. In the former case the length is measured from the
ophryon or nasion above to the mental tubercle below, and compared with the maximum
bizygomatic width. This is referred to as the total facial index, and is obtained by the

formula

—

Ophryo-mental leng^hxlOO^^^^^^
^^^.^^ .^^^^

Bizygomatic width

More usually, however, owing to the loss of the mandible, the proportions of the face are

expressed by the superior facial index. This is determined by comparing the ophryo-alveolar or

naso-alveolar length with the bizygomatic width, thu.s

—

Ophryo-alveolar length x 100 _ . o . , . j-^—
ttt. ^-r-. ?,-., = Superior facial index.
Bizygomatic width

The terms dolichofacial or leptoprosope and brachyfacial or chamoeprosope have been
employed to express the differences thus recorded.

Uniformity in these measurements, however, is far from complete since many anthropologists

compare the width with the length = 100.

The proi)ortion of the face-width to the width of the calvaria is roughly expressed by the use of

the terms cryptozygous and phsenozygous as applied to the skull. In the former case the

zygomatic arches ai'e concealed, when tlie skull is viewed from above, by the overhanging and
projection of tlie sides of the cranial l)Ox ; in the latter in.stance, owing to the narrowness of the

calvaria, tlie zygomatic arches are clearly visible.

The projection of the face, so characteristic of certain races (Negroes for example), may be
estimated on the living by measuring the angle formed by two straight lines, the one passing from
the middle of the external acoustic meatus to the lower margin of the septum of the nose ; the

other drawn from the mo.st prominent part of the forehead above to touch the incisor teeth

below. The angle formed by the intersection of these two lines is called the facial angle

(Camper), and ranges from 62° to 85°. The smaller angle is characteristic of a muzzle-like
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projection of tlie lower part of the face. -Tlie larj^'er an<,'le is the concomitant of a more vertical

l>rotile. The degree of i)r()jection of the maxilla in llie macerated cranium i.s most commonly
expressed by employing the gnathic or alveolar index of Flower. This records the relative

])roportions of tne basi-alveolar and basi-na-sal lengths, the latter being regarded a8=100,
thus

—

Basi-alveolar length X 100 „ ^,- ,

- ,. .
, , .1 = Gnathic index,

iia-si-nasal length

The results are conveniently grouped into three classes :

—

Orthognathous, index below 98 : including mixed Europeans, ancient Egyptians, etc.

Mesognathous, index from 98 to 103 : Chinese, Japanese, Eskimo, Polynesians (mixed).

Prognathous, index above 103 : Tasmanians, Australians, Melanesians, various African
Negroes.

Unfortunately, hovyever, little reliance can be i)laced on the results obtained by this method,
since it takes no account of the proportion of the third or facial side of the gnathic triangle.

P'or a further discu.ssion of this matter see Thom.son and Maclver, Races of the Tliehaid (Oxford :

Clarendon Press, 1905).

The form of the piriform aperture in the macerated skull is of much value from an ethnic
stand])oint, as it is so intimately associated with the shape of the nose in the living. The
greatest width of the aperture is compared with the nasal height (measured fi-om the nasion
to the lower bonier of the aperture) and the nasal index is thus determined :

—

Nasal width x 100 „ , • j- ...

—

.,- . , ^ =Nasal index.
Nasal height

Skulls are

—

Leptorhine, with a nasal index below 48 : as in mixed Europeans, ancient Egyptians,
American Indian.s, etc.

Mesorhine, witli an index ranging from 48 to 53 : as in Chinese, Japanese, Malays, etc.

Platyrhine, with an index above 53 : as in Australians, Negroes, Kaffirs, Zulus, etc.

The form of the orbit varies considerably in different races, but is of much less value from the

standpoint of classification. The orbital index expresses the proportion of the orbital height to

the orbital width, and is obtained by the following formula :

—

Orbital height x 100 ,»,..,. ,—^ ... 1 -i.T,
— = Orbital index.

Orbital width

The orbital height is the distance between the upper and lower margins of the orbit at the

middle ; whilst the orl)ital width is measured from a i)oint where the ridge which forms the

posterior boundary of the lacrimal groove meets the fronto- lacrimal suture (Flower), or from
the dacryon (Broca) to the most distant point from these on the anterior edge of the lateral

border of the orbit.

The form of the orbital aperture is referred to as

—

Megaseme, if the index be over 89
;

Mesoseme, if the index be between 89 and 84 ;

Microseme, if the index be below 84.

The variations met with in the form of the palate and dentary arcade may be expressed by
the palato-maxillary index of Flower. The length is measured from the alveolar point to a

line drawn across the posterior borders of the niaxilke, whilst the width is taken between
the outer borders of the alveolar arch immediately above the middle of the second molar
tooth. To obtain the index, the following formula is emjjloyed :

—

Palato-maxillary width x 100 _ i x n • j—
T, , ^ TY j r\— = Palato-maxillary index.
Palato-maxillary length

For purposes of classification Turner has introduced the following terms :

—

Dolichuranic, index below 110.

Mesuranic, index between 110 and 115.

Brachyuranic, index above 115.

As is elsewhere stated the size of the teeth has an imjjortant inlluence on the architecture of

the skull. Considered from a racial standpoint, the relative size of the teeth to the length of

the cranio-facial axis has been found by Flower to be a character of much value. The dental
length is taken by measuring the distance between tlie anterior surface of the first premolar and
tlie posterior surface of the third molar of the upper jaw.

To obtain the dental index the following formula is used :

—

Dental length x 100 _ . , . ,

ts • TT T^= Dental index.
Basi-nasal length
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Following the convenient method of division adopted with other indices, the dental indices

may be divided into three series, called respectively

—

Microdont, index below 42 : including the so-called Caucasian or white races.

Mesodont, index between 42 and 44 : including the Mongolian or yellow races,

Megadont, index above 44 : comprising the black races, including the Australians.

^lany complicated instruments have been devised to take the various measurements required,

but for all practical purposes the calipers designed by Flower or the covipas glissilre of Broca are

sufficient.

As an aid to calculating the indices, the tables published in the Osteological Catalogue of the

Royal College of Surgeons of England, Part I., Man ; Index- Tabellen zum anthropometrischen

Gebrauche, C. M. Furst, Jena, 1902 ; or the index calculator invented by Waterston will be found
of much service in saving time.

(2) Indices and Measurements of other Parts of the Skeleton.

In addition to the indices employed to exjaress the proportions of the cranial measurements,
there are others similarly made use of to convey an idea of the proportions of different parts of

the skeleton. Of these the following may be mentioned as those in most common use :

—

Scapula.—At birth the form of the human scapula more closely resembles the mammalian
tj^e in that its breadth, measured from the glenoid cavity to the vertebral border, is greater in

comparison with its length than in the adult. This proportion is expressed as follows :

—

Breadth from glenoid cavity to vertebral border x 100 „ , • j

^ 7^^-? ,.
T ^
—

„ . :,
= Scapular index,

Lengtli from medial to mierior angle

The index ranges from 87 in African pygmies, which therefore have proportionately broader

scapulae, to 61 in Eskimos. The average European index is about 65.

Hip Bone.—The relation of the breadth of this bone to its height is computed as

follows :

—

Iliac breadth x 100 _ . , . ,

T 1
—^.—^—^-j-; = Innominate index.

Ischio-iliac height

Man as compared with the apes is distinguished by possessing proportionately broader and
shorter hip bones. The index in man ranges from 74 to 90.

Pelvis.—The form of the human pelvis is characterised by an increased proportionate width
and a reduced proportionate height or length. The relation of these diameters is expressed by
the formula :

—

Ischio-iliac height X 100 _p i • u ^+i, v,
• hf '

A
Greatest breadth between the outer lips of the iliac crests

""

The average index for white races is 73.

Pelvic Cavity.—The measurements usually taken are those of the superior aperture. In
man there is a proportionate increase in the transverse diameter as compared with lower forms :

—

Antero-j)osterior diameter (conjugate) from mid-point of sacral promontory
to the posterior margin of pubic symphysis X 100 _-p i

•
y, -a

Greatest transverse width between ilio-pectineal lines

Turner has classified the indices into three groups :

—

Dolichopellic, index above 95 : Australians, Bushmen, Kaffirs.

Mesatipellic, index between 90-95 : Negroes, Tasmanians, New Caledonians.
Platypellic, index below 90 : Europeans and Mongolians generally.

Vertebral Column.—A characteristic feature of man's vertebral column is the pronounced
lumbar curve associated with the erect posture in the living. Apart from the consideration of

the interposition of the intervertebral fibro-cartilage between the segments, the bodies of the
lumbar vertebrie influence and react on the curve by exhibiting differences in their anterior and
posterior vertical diameters. Advantage has been taken of this to endeavour to reconstruct

the lumbar curve from the dried and macerated bones, but it must be borne in mind that habitual
po.sture or increased range of movements may yield results which are possibly misleading.

Thus there is reason for believing that the squatting position, when habitually adopted, may give

rise to a compression of tlie anterior parts of the bodies of the vertebrae which it might be
a.SHumed was associated with an absence of or flattening of tlie lumljar curve, which in fact did
not exist during life.

The quality of the curve is estimated from the macerated bones by an index which is com-
puted as follows :

—

Sum of posterior vertical diameters of the bodies of five lumbar
vertebrae x 100 _ „ , , , . ,

Sum of anterior vertical diameters of the liodies of five lumbar
vertebrte
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The results are classified as follows :-;-

Kurtorachic, index below 98, displaying a forward convexity : includes Europeans
gi^nerally, Chinese.

Orthorachic, index bcdween 98 and 102, column practically straight : includes examples
of Kskiino and Maori.

Koilorachic, index above 102, displaying a backward convexity : includes Australians,

Negroes, Bushmen, and Andamanese.

Sacrum.—Man's sacrum is characterised by its great breadth in proportion to its length.

These relations are exjiressed as follows :
—

Greatest breadth of ba.se of sacrum x 100 _ , . ,

Length from middle of promontory to middle of anterior inferior border of

fifth sacral vertebrae

The diverse forms are grouped as follows :

—

Dolichohieric, index below 100, .sacra longer than broad : includes Australians, Tasmanians,
Bushmen, Hottentots, Kaffirs, and Andamanese.

Platyhieric, index above 100, sacra broader than long : includes Europeans, Negroes,

Hindoos, North and South American Indians.

Limb Bones.—The proportionate length of the limb bones to each other and to the body
height is of jiractical interest. It is a matter of common knowledge that the forearms of Negroes
are proportionately longer than those of Europeans. Great differences, too, are met with in the

absolute and proportioiiate length of the lower limbs, nor must the relation of these to body
height be overlooked. An enumeration of the more important of these indices, and the manner
of their computation, will suffice. The proportion of the length of the radius to the length of

the humerus is expressed as follows :

—

Length of radius x 100 t, .-. i • j-~^-—=—5-T = Eadio-humeral index.
Length of humerus

Sub-divided into three groups :

—

Brachykerkic, index less than 75 : includes Europeans, Lapps, Eskimo.
Mesatikerkic, index between 75-80 : Chinese, Australians, Polynesians, Negroes.
Dolichokerkic, index above 80 : Andamanese, Negritoes and Fuegians, Bonindae in general.

The proportion of the length of the tibia to the femur is computed by the formula

—

Length of tibia from surface of condyle to articular surface for talus x 100 „., . . ...
2 ^ —J-^— = Tibio-femoral index.

Oblique length oi lemur

Sub-divided into two groups :

—

Brachyknemic, index 82 and under : includes Europeans and Mongolians generally.

Dolichoknemic, index 83 and over : includes Australians, Negroes, Negritoes, American-
Indians.

The proportion of the length of the upper limb to that of the lower limb is obtained thus :
—

Lengths of humerus -I- radius x 100 _ . > i • j^ -. 5-» -TY-. = Intermembral index.
Lengths oi lemur + tibia

A comparison between the relative lengths of the upper segments of the limbs is obtained by

the following formula :

—

Length of humerus x 100 „ . i • j
- -T— 1 i. I- = Humero-femoral index.

Length ot lemur

Platymeria (see p. 281).—The amount of compression of the femur is estimated as follows :

—

Sagittal diameter of shaft immediately distal to lesser trochanter x 100 _ pi o+^meric index
Transverse diameter of shaft immediately distal to lesser trochanter

Platyknemia (see p. 281)— The degree of compression of the tibia is estimated by the

formula

—

Transverse diameter of shaft at level of nutrient foramen x 100 „, . , „•.. • j„„
^-,—7i

5 ^

—

e r =Platyknemic index.
Antero-posterior diameter of shaft at level oi nutrient loramen

The index ranges from 60 in a Maori tibia to 80 to 108 in modem French tibiae.

For further and more detailed information relating to the various measurements and indices

employed by the physical anthropologist, the reader is referred to Topinard's Elements d'Anthro-

pologie ; Sir W. Turner's Challenger Memoirs, Part 47, vol. xvi. ; and Duckworth's Morphology

and Anthropology.
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APPENDIX E.

DEVELOPMENT OF THE CHONDRO-ORANIUM AND MORPHOLOGY OF
THE SKULL.

As has been already stated, tlie chorda dorsalis or notochord extends headwards to a point
immediately beneath the anterior end of the mid-brain. In front of this the head takes a bend
so that the large fore-brain overlaps the anterior extremity of the notochord. At this stage of
development the cerebral vesicles are enclosed in a membranous covering derived from the mesen-
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View ok the Chondro- Cranium of a Human Foetus 5 cm. in length from Vertex to
Coccyx (about the middle of the third month) ; the cartilage is coloured blue. The line to the right

of the drawing shows the actual size.

chyme surrounding the notochord ; this differentiated mesodermal layer is called the primordial
membranous cranium. From it the meninges which invest the brain are derived. In lower
vertebrates this membranous capsule becomes converted into a thick -walled cartilaginous envelope,

the primordial cartilaginous cranium. In mammals, however, only the basal part of this capsule

becomes chondrified, the roof and jaart of the sides remaining membranous. In considering the
chondrification of the skull in mammals, it must be noted that part only of the base is traversed by
the notochord, viz., that jjortion which extends from the foramen magnum to the dorsum sellae of the
sphenoid. It is, therefore, conveniently divided into two jiarts—one posterior, surrounding the
notochord, and hence called chordal, and one in front, into which the notochord does not extend,
and hence termed prechordal. These correspond respectively to the vertebral and evertebral
regions of Gegenbaucr. In the generalised type, a pair of elongated cartilages called the para-
chordal cartilages appear on either side of tlie chorda in the chordal region, similarly in the
prechordal region two curved strips of cartilage named the prechordal cartilages, or the

trabeculae cranii of Rathke, develop on either side of the cranio-pharyngeal canaL In the
human embryo, however, this symmetrical arrangement has not hitherto been observed. In
man, chondrification of the cranial base commences early in the second month and attains its

maximum development about the end of the third month, at which time the chordal part of

the chondrocraniuiu consists of a ring of cartilage, the ventral part of which is formed by the
fusion of two parachordal cartilages, so forming around the chorda dorsalis, a central axial part,
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which comprises the basilar portion of tlie occipital bone. From this there pass e.xtensious

which form the lateral parts of the occfj)ital bone, and serve to unite the occipifcil plate, as this

part of the cartilaL'inous base is sometimes called, to the cartilaginous auflitory capsules on
either side. These latter are formed by the chondrification of the cochlear and canalicular parts

of the hibyrinth, which do not develop at the same rate, so that the part around the semi-

circular canals is c()mplet<'d nuuh .sooner than the cochlear jKjrtion ; in consequence, at the end
of the second month, the facial nerve and tin; genicular ganglion lie in a groove, to be subse-

quently converted into a canal, on the vestibular part of the capsule.

The doi"sal part of the ring consists of a thin cartilaginous jdate, the tectum posterius, from which
is developed the oidy part (i.e. the inferior part of the occijntal squama) of the cranial vault

preformed in cartilage. In the membranous tissue from which this plate is developed chondritica-

tion at fu-st begins, on either side, liy an extension from the posterioi' aspect of the pars lateralis

of the occipital; growing rapidly forwards this ultimately unites with the posterior and doi-sal

bordei-s of the cartilaginous auditory capsule, from which it is for some time sei)arated by a

narrow membranous interval. At a later sfcige the cartilages of either side unite, dorsal to the

foramen magnum, tojorm the tectuvi posterius or the tectum synoticum (Keibel and Mall).

To the axial part of this portion of the chondrified base the chorda dorsal is has the following

Basi-sphenoid centrps

[
Pre-spliPiioifl centre

Frontal

. S(|uaniou.s part
r temporal

.Si)lienotic

centre

Fig. 283.

—

Ossification on Bask and Latkhai. Walls of Skull of four and a half Months'
FcETfs (Schultze's method). Cartilage, blue ; cartilage-bone, black ; membrane-bone, red.

relations : in front of the foramen magnum it runs for a short distance in a groove on the dorsal

surface of the occipital plate, then pierces the cartilage so as to lie ventral to it in the retro-

pharyngeal tissue, again enters the chondro - cranium by passing dorsalwards in the suture

between the occipital plate and sphenoidal cartilage and ends dorsal to the latter cartilage.

The prechordal portion of the cartilaginous liasis cranii in man displays the following features :

at the thirtl month it is irregularly diamond-shaped in outline, its posterior angle is wedged in

between the two auditory capsules and is related to the anterior jiart of the axial portion of the
occipital plate. The anterior angle forms the ventral end of the nasal capsule, whilst the lateral

angles extend over the orbital cavities and correspond to the tips of the alae orbitales of the

sphenoid.

Within this area chondrification takes place as follows (Bai-deen). In the region of the
posterior angle, above referred to, a cartilaginous nodule appears anterior and ventral to the end
of the chorda doi-salis ; from this arises the cartilaginous body of the sphenoid, the further

development of which is associated with its union witli the anterior end of the median portion

of the occipital plate and the formation there, by the appearance of an independent transverse

strip of cartilage, of the dorsum sellse of the sphenoid ; whilst from its anterior and superior

surface on either side there extend forwards strips of cartilage which surround the hypophyseal
pocket, and unite in front of it to form the anterior part of the body of the sphenoid, thereby
enclosing the hypophyseal canal, which, at tii-st wide, is gradually closed by the chondrification

of its -walls. It may, however, remain open.

19 a
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Tlie region occupied by tlie ala temporalis is slow to cliondrily. According to Fawcett, the

only part of it which is preformed in cai'tilage is that which corresponds to the root of the two
pterygoid laminas in the adult : this is, perforated by the maxillary division of the trigeminal

nerve. According to the same authority, the whole of the lateral pterygoid lamina and that

part of the ala temporalis projected into the orbital and temporal fossa; are ossified in membrane.
So, too, are the foramen ovale and foramen spinosum.

The ala orbitalis, at first much larger than the ala temporalis, is described as chondrifying in

the foDowing way. The process begins by the appearance of cartilage posterior to the position

of the optic foramen ; medially this fuses with the lateral aspect of the anterior part of the body
of the sphenoid, laterally it extends into the orbital plate, with the independent cartilaginous

centre of which it unites. Tlie foramen opticum is completed by the extension of the cartilage

from the side of the anterior extremity of the body of the sphenoid, in front of the nerve, to

reach the orbital plate. These three centres fuse to form a single piece of cartilage during the

third month.
Anterior to the orbito-sphenoids, the base of the skull is intimately associated with the nasal

capsule, and is the last part of the chondro-cranium to become cartilaginous, this change not
being effected till the third month. The roof of the capsule is formed by the coalescence of

cartilaginous elements appearing, first in the nasal septum by an extension of the cartilage from
the ventral surface of the body of the sphenoid and secondly by an independent centre in each

lateral wall of the capsule. At first the nasal capsule is open dorsally on either side of the nasal

septum in correspondence with the olfactorj'- bulbs, but during the third month the wall of the

capsule corresponding to the cribriform plate commences to chondrify around the perforating

nerve-fibres, and so the lamina cribrosa is preformed in cartilage. Laterally strips of cartilage

(cartilage ethmosphenoidalis) pass backwards from the lateral edges of the cribriform plate to

, unite it with the anterior edges of the alae orbitales of the sphenoid.

By the third month the nasal capsule has become cartilaginous. As has been stated above,

the nasal septum chondrifies by an extension forwards of the ventral part of the body of

the cartilaginous sphenoid. On either side of the ventral margin of this septum anteriorly are

developed the paraseptal cartilages, which in man persist tiU after birth. These are cojmected
posteriorly by means of a connective tissue bridge with small pieces of cartilage—the posterior

I^araseptal cartilages, which are in turn associated with the paranasal cartilages posteriorly,

and there in part form the floor of the recessus terminalis or cupola of the cartilaginous nasal

capsule (Fawcett). In man, owing to the deficiency of the lamina transversalis anterior, the

fenestra narina and the fenestra basalis which pierce the floor of the nasal capsule, on either

i^ide of the septum, become confluent and form the fissura rostroventralis of Gaupp. Meanwhile
the lateral w^alls of the nasal capsule are chondrifying independently, forming the paranasal

cartilages. These become subsequently united anteriorly with the nasal septum to form the

tectum nasi or roof of the nose. At first this is open posterionly where it is in relation with
the olfactory bulb, but later, as has been already described, the tissue around the nerve filaments

chondrifies to form the cartilaginous lamina cribrosa. The inferior concha is derived from the

cartilage of the lower and lateral part of the nasal capsule, from which, however, it becomes
isolated about the seventh month. Above and behind this the middle and superior conchae,

the ethmoidal turbinals, become chondrified, as well as the cartilaginous rudiments which
subsequently form the agger nasi, the bulla ethmoidalis, and the concha sphenoidale or

ossiculum Bertini.

Throughout life certain parts of the cartilaginous nasal capsule persist as the cartilaginous

nasal septum and the cartilages of the alae of the nose, whilst other parts are absorbed and
are replaced by surrounding bones of membranous origin.

The various foramina met with in the cranial base are formed either as clefts in the line of

union of the several caitilaginous elements, or through inclusion by means of bridging processes

derived from these same elements.

From the ventral surface of this cartilaginous platform—formed, as described, by the union

of the trabeculse, parachordal cartilages, and cartilaginous auditory capsules— is suspended the

cartilaginous framework of the visceral arches, which play so important a part in the develop-

ment of the face, an account of which is elsewhere given.

A consideration of the facts of comparative anatomy and embryology appears to justify the

assumption that the mammalian skull is of twofold origin—that, in fact, it is composed of two

envelopes, an outer and an inner, primarily distinct, but which in the process of evolution have

become intimately fused together. The inner, called the primordial skull, is that which has

just been describecl, and consists of the chondro-cranium and the branchial skeleton. The outer,

which is of dermic origin, includes the bones of the cranial vault and face which are developed

in membrane. This secondary skull, which first appears in higher fishes as ossified dermal plates

overlying the primary skull, acquires a great importance in the mammalia, as owing to the

expan.sion of the brain and the progressive reduction of the chondro-cranium, these dermal bones

become engrafted on and incorporated with the primordial skull, and act as covering bones to

the cavities of the cranium ana face ; for it may be well to point out that these dermal or

membrane bones are not necessarily external in position, as over the cranial vault, but also

develop in the ti-ssues underlying the mucous membrane of the cavities of the face.

Advantage is taken of tliis difference in the mode of development of the bones of the skull to

classify them according to their origin into cartilage or primordial bones, and membrane or

secondary bones. These differences in the growth of the bone must not be too much insisted

on in determining the homologies of the bones of the skull, as it is now generally recognised that
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all bone is of membranous origin, and. that wliilst in some cases cartilage may become calcified,

it never undergoes conversion into triie bone, but is replaced by ossific deposit derived from a
membranous source. In the subseciuent growth of the skull, parts of the cartilaginous cranium
persist as the septal and alar cartiLiges of the nose, whilst for a considcralde period the basi-

sphenoid and basi-occipital are still united by cartilage. The cartilage al.so wnich blocks the
foramen lacerum may be rt'ganled as a remnant of the chondro-craniuru.

Whilst in many instanci-s tlie primordial and .secondary bones remain distinct in the fully-

develojKid condition, they sometimes fuse to form complex bones, such as the temporal and
sphenoid.

Various theories have been advanced to account for the mode of formation of the skull. The
earliest of these was called the vertebrate theory, which assumed that the cranium was built up
of a serius of mwiitied vertebrae, the bodies of which corresponded to the basi-cranial axis, whilst
the vertebral arches were represented by the covering bones of the cranium. In view of the more
recent researches regarding the composite origin of the skull above referred to, this theory was
neces-sarily abandoned. It gave way to the suggestion of Gegenbauer that the primordial
cranium has arisen, by the fusion ot several segments equivalent to vertebrae, the number of
whicli he determined by noting the metameric arrangement of the cerebral nerves, of wliich he
concluded there were nine pairs, arranged much like spinal nerves, both as to their origin and
distribution. The olfactory and optic nerves, though frequently referred to as cerebral nerves,
are excluded, since from the nature of their development they are to be regarded as meta-
morpho.sed parts of the brain itself. Gegenbauer therefore assumed that that portion of the
cranial base which is traversed by the nine pairs of segmentally arranged cerebral nerves must
be formed by the fusion of nine vertebral segments ; and as the region where the nerves escape
corresponds to the part of the chondro-cranium traversed by the notochord, he calls it the
vertebral portion of the cranial base, in contradistinction to the trabecular or non-vertebral part
which lies in front. This latter he regards as a new formation adapted to receive the greatly-
developed brain and afford protection to the organs of sight and smelL

As has been pointed out by Hertwig, there is an essential difference between the development
of the axial cartilaginous skeleton of the trunk and head. The former becomes segmented into
distinct vertebrae alternating with intervertebral ligaments ; whilst the latter, in order to attain
the rigidity necessary in this part of the skeleton, is never so divided. It follows from this that
the original segmentation of the head is only expressed in three ways, viz., in the appearance of
several primitive segments (myotomes), in the arrangement of the cerebral nerves, and in the
fundament of the visceral skeleton (visceral arches). According to Froriep, the mammalian
occipital corresponds to the fusion of four vertebrae, and there is some reason for supposing that
in some classes of vertebrates the occipital region of the primordial cranium is increased by
fusion with the higher cervical segments.

The form of skull characteristic of man is dependent on the large proportionate development
of the cranial part, which contains the brain, and the reduction in size of the visceral part
(face), which protects the organs of special sense. This leads to a decrease in the mass and
projection of the jaws, as well as a reduction in the size of the teeth. Associated with the
smaller mandible there is a feebler musculature, with a reduced area of attachment to the sides
of the skull. In this way the disappearance of the muscidar crests and fossae, so characteristic
of lower forms, is accounted for. At the same time the fact that the skull is poised on the
summit of a vertical column, leads to important modifications in its structure. The disposition
of parts is such that the occipito-vertebral articulation is so placed that the fore and hind parts
of the head nearly balance each other, thus obviating the necessity for a powerful muscular and
ligamentous mechanism to hold the head erect.

Another noticeable feature in connexion with man's skeleton is the prolonged period during
which growth may occur before maturity is reached ; this is associated with a more complete
consolidation of the skull, since bones, which in lower forms remain throughout life distinct, are
in man fused with each other, as exemplified in the case of the presphenoid and postsphenoid,
the occipital and the interparietal, to mention one or two instances amont many. It is

noteworthy, however, that (Turing ontogeny the morphological significance of' these bones is

clearly demonstrated by their independent ossification.

The points of exit of the various cerebral nerves remain remarkably constant, and in their
primitive condition serve to suggest the segmental ariangement of the cartilaginous chondro-
cranium already referred to. Owing to the very great modifications which the mammalian skull
has undergone in the process of its evolution, it may be pointed out that the pa.ssage of the
nerves through the dura mater—a derivative, the readers may be reminded, of the primordial
membranous cranium (see ante) —alone represents the primitive disposition of the nerves. Their
subsequent escape through the bony base is a later and secondary development. In some cases
the two, membranous or primary and the osseous or secondary foramina, correspond. In other
instances the exit of the nerves through the dura mater does not coincide with the passage
through the lx)ne.

Of interest in this connexion it may be pointed out that the foramina and canals which
traverse the skull are either situated in the line of suture between adjacent bones or in the line
of fusion of the constituent parts of which the bone pierced is made up. For example, the
superior orbital fissure is situated between the orbito and alisphenoids ; the hj'poglossal canal
between the basi and exoccipitals ; the jugular between the petrous, basi, and exoccipital

;

the optic between the orbito-sphenoid and the presphenoid ; the pterygoid between the alisphenoid,
medial pterygoid lamina, and the lingula.
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APPEN"DIX F.

MORPHOLOGY OF THE LIMBS.

Development and Morphology of the Appendicular Skeleton,

The paired limbs first appear in the
human embryo about the third week as

small buds on either side of the cephalic

and caudal ends of the trunk. That these

outgro^yths are derived from a large number
of trunk segments is assumed on the ground
that they are supplied by a corresponding
number of segmental nerves, and the circum-
stance that they are more particularly

associated with the ventral offsets of these

nerves would point to the conclusion that

they belong rather to the ventral than the

dorsal surface of the body.

At first the surfaces of these limb buds
are so disposed as to be directed ventrally

and dorsally, the ventral aspect correspond-

ing to the future flexor surface of the limb,

the dorsal to the extensor side. At the

same time, the borders are directed head-
wards (pre-axial), and tailwards (post-axial).

As the limbs grow, they soon display

evidence of division into segments corre-

sponding to the hand and foot, forearm and
leg, upper arm and thigh. Coincident with
this (about the second month) the cartil-

aginous framework of the limb is being
differentiated. The disposition of these

cartilages furnishes a clue to their homo-
logies. In the fore-limb the radius and
thumb lie along the pre-axial borders, and
correspond to the tibia and great toe, which
are similarly disposed in the hind-limb

;

whilst the ulna and fifth finger are homo-
logous with the fibula and fifth toe, which
are in like manner arranged in relation to

the posterior (post-axial) border of their

respective limbs. Up to this time the limbs
are directed obliquely ventralwards. During
the third month a change in the position

of the limbs takes place, associated with
the assumption of the foetal position.

Owing to the elongation of the limbs,

they loecome necessarily bent at the elbow
and knee, the upper arm inclining down-
ward along the thoracic wall, whilst the

thigh is directed upwards in contact with
the abdominal parietes. At the same time a

rotation of each of these segments of the limb
takes place in an inverse direction, so that the

pre-axial border of the humerus is turned
laterally, whilst the pre-axial border of the

femur is turned medially. Assuming that

these borders are homologous, it results from
this, that the lateral condyle of the humerus
corresponds to the medial corldyle of the

femur. This torsion of the limb is in part

effected at the shoulder and hip joints,

and to some extent also in the shafts of the

bones. Some anatomists hold that this

rotation is not confined to the limb, but
involves the dorsal part of the limb girdles.

Others maintain that there is no evidence

that such takes place. In the upper limb,

owing to a certain amount of pronation, the

Fia. 284.—DiAGKAM TO ILr.USTUATE THE HOMOLOGIES OF

THE Bones of the Limbs.

The two limb buds of an embryo prior to Hexion and rotation.

The anterior or pre-axial border is coloured red ; the

posterior or post-axial border, blue. B. After the

assumption of the fcetal position. Flexion and rotation

have now taken place. The red and blue lines indicate

the altered position of the pre-axial and post-axial

borders. C. The fully developed limbs with the flexor

aspects directed towards the reader. The coloured

lines indicate the effect of the torsion of the upper
segment of the limb through quarters of a circle.



I

MOKPHOLOGY OF THE LIMBS. 295

pre-axial (radial) side of the forearm is now directed forwards and somewhat laterally, whilfit

in the hind limb the pre-axial (tibial) side of the leg is turned backwards and laterally, the

pre-axial boulers of the hand with thumb, and foot with gi-eat toe being in correspondence. In

consequence of these changes in the position of the limbs, amounting in all in the upper segments

to a rotation through an angh; of 90', the extensor surface of the fore limb is directed Imckwarde,

whilst that of the hind limb is directed forwards. In order to homologise the arrangement of

the bones in the extended limb, it is necessary to place them so that their flexor or extensor

surfaces are similarly disposed. It will then be observed (see diagram) that the medial or tibial

side of the leg and foot (primitively pre-axial) corresponds to the lateral or radial side of the

forearm and hand (primitively pre-axial), whilst the fibula and lateral border of the foot

homologise with the ulnar or medial border of the forearm and hand (primitively post-axial),

the result, as previously explained, of the torsion or twisting in opposite directions through an

angle of 90' of the upper seguient of the limb. In accordance with this view, it will be

evident that in the fore limb there is nothing homologous with the patella, whilst in the hind

limb there is no part to rejiresent the olecranon.

In the axial mesoderm of each member, differentiation into cartilaginous segments begins

about the second month ; each of these cartilages becomes invested by a perichondrial layer

which stretches from segment to segment, and ultimately forms the ligaments surrounding

the joints, which are subsequently developed between the segments. Chondrification first

begins in the ba^al part of the limb, and extends towards the digits.

The homodynamy of the carpal and tarsal elements may be tabularly expressed, and compared
with the more generalised types from which they are evolved.

Type. Hand. Foot.

Radiale (Tibiale) = Navicular (body) = Talus.

Intermedium =0s lunatum = Absent, or Os trigonum (1).

Ulnare (Fibulare) =0s triquetrum = Calcaneus.

Centrale = Absent, or fused with Navicular= Navicular, less its tuberosity.

Carpale (Tarsale), i. =0s multangulum majus = First Cuneiform.

Carpale (Tarsale), ii. =0s multangulum minus = Second Cuneiform.
Carpale (Tarsale), iii. = Capitate = Third Cuneiform.

Carpale (Tarsale), iv.^ _p, , .
= Cuboid, plus the peroneal

Carpale (Tarsale), v. /
"^^ namatum

sesamoid.

The pisiform is omitted from the above table, since it is now generally regarded as being a

vestige of an additional digit placed post-axial to the little finger (digitus post-minimus). Its

homologue in the foot is by some considered as fused with the calcaneus. The tuberosity of the

navicular, formed, as has been stated, of three elements, of which the sesamoid bone in the

tendon of the tibialis posterior may be one, is to be regarded as the homologue of the pre-axial

sesamoid in the hand, which probably fuses with the navicular to form its tuberosity. The
peroneal sesamoid probably corresponds to the hamulus (sometimes an independent ossicle)

of the OS hamatum. Similarly, on the pre-axial border of the hand and foot, vestiges of a

suppressed digit (prepollex and prehallux) may occasionally be met with. The frequent occur-

rence of an increase in the number of digits seems to indicate that phylogenetically the number
of digits was greater than at present, and included a prepollex or prehallux, and a digitus post-

minimus. The correspondence of tlie metacarpus with the metatarsus and the phalanges of the

fingers with those of the toes is so obvious that it is sufficient merely to mention it.

The differences in size, form, and disposition of the skeletal elements of the hand and foot is

easily accounted for by a reference to the functions they subserve.

In the hand, strength is sacrificed to mobility, thus leading to a reduction in the size of the

carpal elements, and a marked increase in the length of the phalanges. The freedom of move-
ment of the thumb, and its opposability to the other digits, greatly enhances the value of

the hand as a grasping organ. In the foot, where stability is the main requirement, the tarsus

is of much greater proportionate size, whilst the phalanges are correspondingly reduced. Since

the foot no longer serves as a grasping organ, the great toe is not free and opposable like the

thumb.
Limb Girdles.—The free limbs are linked to the axial skeleton by a chain of bones which

constitute their girdles. The fimdamental form of these limb girdles consists each of a pair of

curved cartilages placed at right angles to the axis of the trunk on either side, and embedded
within its musculature. Each cartilage has an articular surface laterally, about the middle, for

the reception of the cartilage of the first segment of the free limb. In this way each pectoral

and pelvic cartilage is divided into an upper or dorsal half and a lower or ventral half. The
dorsal halves constitute the scapula and ilium of the pectoral and pelvic girdles respectively.

With regard to the ventral halves there is more difficulty in establishing their homologies. The
original condition is best displayed in the pelvic girdle ; here the ventral segment divides into

two branches—one anterior, which represents the pubis, the other posterior, which ultimately

forms the ischium. Ventrally, the extremities of these cartilages unite to enclose the obturator

foramen. In the pectoral girdle the disposition of the ventral cartilages is not so clear, consisting

primitively of an anterior branch or precoracoid, and a posterior portion or coracoid ; these, in

higher forms, have undergone great modifications in adaptation to the requirements of the fore

limbs. The posterior or coracoid element, the homologue of the ischial cartilage in the pelvic

girdle, is but feebly represented in man by the coracoid process and the coraco-clavicular ligament.
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With regard to the homologue of the pubic element in the pectoial girdle, there is much difference

of opinion ; in reptiles and amphibia it corresponds most closely to the precoracoid, but it is

doubtful what represents it in mammals. According to Goette and Hoffman, the clavicle is a
primordial bone, and not, as suggested by Gegenbaur, of secondary or dermic origin. If this be
so, it corresponds to the ventral anterior segment of the pectoral girdle, and is therefore homo-
logous with the ventral anterior (pubic) segment of the pelvic girdle. On the other hand, if

Gegenbaur's view be accepted, the clavicle has no representative in the pelvic girdle. It must,
however, be borne in mind that during its ossification it is intimately associated with cartilage,

and that that cartilage may represent the precoracoid bar ; nor must too great stress be laid upon
the fact that the clavicle begins to ossify before it is preformed in cartilage, since that may be
merely a modification in its histogenetic development.

According to another view (Sabatier), the subcoracoid centre (see Ossification of Scapula) is

derived fi'om the posterior ventral segment, and corresponds to the ischium, whilst the coracoid

process is the remains of the anterior ventral segment (precoracoid), and is homodynamous with
the pubis.

In no part of the skeleton does fimction react so much on structure as in the arrangement of

the constituent parts of the pectoral or pelvic girdles. In man, owing to the assumption of the
erect position and the bipedal mode of progression, the pelvic girdle acquires those characteristics

which are essentially human, viz., its great relative breadth and the expansion of its iliac

portions, which serve as a support to the abdominal viscera, and also furnish an extensive origin

for the powerful muscles which control the movements of the hip-joint. The stability of the

'Vertebral or internal surface\

^Vertebral or internal surfac^'

B AC
Fig. 285.

—

Diagram to illustrate the Homologous Parts of the Scapula and Ilium
ACCORDING to FlOWER.

A, ideal type ; three-sided rod. B, scapula rotated forward through quarter of a circle (90°), so that the

primitive medial or vertebral surface is now directed anteriorly. C, ilium rotated backwards through
quarter of a circle so that the primitive medial surface is now turned posteriorly. In the diagram the

primitive medial or vertebral surface of each figure is coloured black, the pre-axial surfaces red, and the

post-axial surfaces blue.

pelvic girdle is insured by the nature of its union with the axial skeleton, as well as by the
osseous fusion of its several parts, and their union in front at the symphysis pubis.

Various attempts have been made to homologise the several parts of the ilium and scapula.

All are open to objection ; that by Flower is perhaps the most generally accepted. Assuming
that the primitive type is represented by a prismatic rod, of which the dorsal end represents

either the epiphysial border of the vertebral edge of the scapula or the iliac crest, whilst the

ventral end corresponds to the glenoid or acetabular articular areas respectively, the surfaces of

the three-sided rod are disposed so that one is vertebral or medial, another pre-axial, and the

third post-axial. These surfaces are separated by borders, of which one is lateral, separating

the pre-axial and post-axial surfaces, whilst the antero - medial and postero- medial margins
separate the pre-axial and post-axial surfaces respectively from the vertebral or medial asjDCct.

It is a necessity of Flower's theory that this part of the girdle undergoes a rotation along with
the rest of the limb. Thus in the fore limb the surfaces of the primitive type are turned so that

the vertebral surface looks forward, whilst in the case of the hind limb the vertebral surface is

turned backward. A study of the accompanying diagram will enable the reader to realise how
the ventral surface of the scapula is thus rendered homologous with the gluteal surface of the

ilium, for by reference to the type, both these surfaces will be seen to correspond to the post-

axial areas of the primitive condition. In accordance with this view the surfaces and borders of

the scapula are homologised by Flower, as shewn in the subjoined table :

—

Scapula.

Supra-spinous fossa

Infra-spinous fossa

Subscapular fo-ssa

Surfaces

Ideal.

1. Vertebral

2. Pre-axial

3. Post-axial

Pelvis.

I

Medial surface of ilium behind linea ar-

cuata interna, including the articular

surface for the sacrum and the portion

of the bone above and below this

Iliac fossa

Gluteal surface of ilium
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Borders

Axillary border, posterior on

most animals (attachment of

triceps muscle)

Si)ine continued into acromion

Superior Itonler, anterior in

most animals, with scapulo-

coracoid notch

1. Lateral

2. Antero-medial

3. Postero-medial

Anterior border (attachment of rectus

muscle)

Linea arcuata interna continued into

pubis
Posterior border with greater sciatic notch

Flower's views of this matter were strenuously opposed by Humphry, who maintained that

there is strong presumptive evidence against any rotation of the superior parts of the girdles,

since it is difficult to suppose that the scapula and ilium can undergo a rotation which is not

participated in by the coracoid and ischium. According to this anatomist the homologous parts

of the two boTies are as- stated below :

—

Scapula.

Pre-spinal ridge forming the floor of the pre-

spinal fossa

Spine and acromion

Post-spinal part of scapula forming the floor of

the post-spinal fossa

Posterior angle

Posterior border
Medial or ventral surface

Ilium.

LineA ilio-pectinea

Fore part of the blade and crest of the ilium,

with its anterior spine or angle

Hinder part of blade and crest of ilium

Posterior spine or angle

Posterior or sciatic border of ilium

Inner or true pelvic surface of ilium, including

the surface for the articulation of the sacrum

Fig. 286.

—

Diagkam to illustrate the Homologous Parts of the Scapula and Ilium,

ACCORDING to HUMPHRY.

A, primitive rod-like ilium of kangaroo, prismatic on section. B; scapula. C, iliiun. The corresponding

surfaces are similarly coloured.

The difficulty arising in this scheme of attempting to homologise thie attachments of the

triceps and rectus femoris, Humphry explains by pointing out that the former muscle also arises

from the lateral surface of the scapula, whilst the rectus overruns the lateral surface of the ilium

above the acetabulum, so that there is a correspondence in the origins of both these muscles from

the lateral surface of their respective bones ; but in consequence of the rotation of the extensor

surfaces of the limbs in opposite directions the triceps has been turned backwards on to the

posterior border of the scapula, whilst the rectus has been turned forwards on to the anterior

border of the iliuni. Sufficient has been said to enable the reader to recognise that all attempts

to determine in detail the homologies of these parts are beset with difficulty. It is wiser, therefore,

in our present state of knowledge to be content with establishing a general correspondence, and

so avoid the error of endeavouring to establish a closer homological relationship than actually

exists.

In man, since the erection of the figure no longer necessitates the use of the fore limb as a

means of support, the shoulder girdle has become modified along lines which enhance its mobility

and determine its utility in association with a prehensile limb. Some of its parts remain

independent (clavicle and scapula), and are imitea by diarthrodial joints, whilst others have
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become much reduced in size or suppressed (coracoid, precoracoid, see ante). The dorsal part

of the girdle (scapula) is not directly united with the axial skeleton as is the ilium, but is only

indirectly joined to it through the medium of the clavicle, which is linked in front with the

presternum. The same underlying principles determine the differences in mobility and strength

between the shoulder, elbow, and wrist, and the hip, knee, and ankle joints of the fore and hind

limbs respectively, whilst the utility of the hand is further enhanced by the movements of

pronation and supination which occur between the bones of the forearm. In the leg such

movements are absent, as they would interfere with the stability of the limb.

^»



THE ARTICULATIONS OR JOINTS.

SYNDESMOLOGY.

By David Hepburn.

Syndesmology is that branch of human anatomy which treats of the articulations

or joints.

A junctura o.ssium (articulation or joint) constitutes a mode of union or con-
nexion subsisting between any two separate segments or parts of the skeleton,

whether osseous or cartilaginous. It has for its primary object either the
preservation of a more or less rigid continuity of the parts joined together, or else

the permission of a variable degree of mobility, su])ject to the restraints of the
uniting media.

Classification of Joints.—In attempting to frame a classification of the
numerous joints in the body, several considerations must be taken into account,
viz., the manner and sequence of their appearance in the embryo ; the nature of the
uniting media in the adult, and also the degree and kind of movement permitted
in those joints where movement is possible.

In this way we obtain two main subdivisions of joints :

—

(1) Those in which the uniting medium is co-extensive with the opposed sur-

faces of the bones entering into the articulation, and in which a direct

union of these surfaces is thereby effected

(2) Those in which the uniting medium has undergone more or less of interrup-

tion in its structural continuity, and in which a cavity of greater or less

extent is thus formed in the interior of the joint.

To the first group belong all the immovable joints, many of which are only
of temporary duration ; to the second group belong aU joints which possess, as their

outstanding features, mobility and permanence.

Intervening
membrane

SYNARTHROSES.

The general characteristics of this group are partly positive and partly nega-
tive. Thus, there is uninterrupted union between the

opposed surfaces of the bones joined together at the plane

of the articulation, i.e. there is no trace of a joint cavity,

and further, there is an entire absence of movement.
DevelopmentaUy, these joints result from the approxi-

mation of ossitic processes which have commenced from
separate centres of ossification, and therefore the nature
of the uniting medium varies accordincr as the bones
thus joined together have originally ossified in membrane
or in cartilage. In the former case union is effected by
an interposed fibrous membrane continuous with, and
corresponding to, the periosteum. To such articulations

the term sutura (Fig. 287) is applied. In the latter case

the uniting medium is a plate of hyaline cartilage. Such
articulations are called synchondroses (Fig. 288). In all the synchondroses, and in
many of the sutures, the uniting medium tends to disappear in the procuress of

299

Fig. 287.

—

Vertical Section
through a scture.
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ossification, and thus the plane of articulation becomes obliterated, so that direct

structural continuity between the osseous segments takes place. The primary

features common to all synarthroses are

—

(a) continuous

and direct union of the opposing surfaces; (&) no joint

ca\dty
;

(c) no movement.

Sutura.—This form of synarthrosis is found only in

connexion with the bones of the skull. In a large

number of cases the bones which articulate by suture

present irregular interlocking margins, between which
there is the interposed fibrous membrane to which refer-

ence has ah'eady been made. When these interlocking

margins present well-defined projections they are said to

form a sutura vera (true suture) ; on the other hand, when

Fig. 288. — Section through the opposed surfaces present ill-defined projections, or

THE OcciPiTo-spHENoiD Syn- evcu flat arcas, they are described as sutura notha
cHONDRosis.

(false suture). In each of these subdivisions the particular

characters of the articulating margins are utilised in framing additional descriptive

terms. Thus true sutures may possess interlocking margins whose projections are

tooth-like (sutura dentata), e.g. in the interparietal suture ; saw-like (sutura serrata)

(Fi<y. 289), e.g. in the interfrontal suture ; ridge-like, or comparable

to the parallel ridges on the welt of a boot (sutura limbosa).

Similarly false sutures may articulate by margins which are scale-

like (sutura squamosa), e.g. in the squamoso-parietal suture ; or by

rough opposed surfaces, sutura harmonia, e.g. in the suture between

the* palatine processes of the maxillary bones. There is one

variety of synarthrosis which, in the adult, can scarcely be called a

suture, although the differences are of minor importance, viz.,

schindylesis, which is an articulation between the edge of a plate-

like bone, such as the rostrum of the sphenoid, and the cleft in

another, such as the vomer.

Synchondrosis.—Illustrations of this group can be found only

in the young growing individual, because as age advances and

growth ceases, the process of ossification affects the hyaline cartilage which con-

stitutes the uniting medium, and the plane of articulation disappears. Under this

heading we may include the planes of junction between all epiphyses and the

diaphyses to which they severally belong. The occipito-sphenoid (Fig. 288) and

the petro-jugular articulations in the base of the skull provide other well-marked

examples.

Fig. 289.

—

Sutura
Serrata.

AMPHIARTHROSES—DIARTHROSES (MOVABLE JOINTS).

The leading features of this group are capability of movement and permanence.

In very few instances do such joints ever become obliterated under normal con-

ditions. Determining their permanence, and regulating the amount of possible

movement, there is always more or less of interruption in the continuity of the

structures which bind the osseous elements together. That is, there is always some

evidence of a cavum articulare (joint cavity), although as a matter of course such

interruption can never be so extensive as to entirely disassociate the articulating

elements. Therefore in all movable joints a new class of structures is found, viz.,

ligamenta (the ligaments), by means of which continuity is maintained even when

all the other uniting media have given place to an articular cavity. The further

subdivision of this group is founded upon the amount of movement permissible, and

the extent to which the articular cavity takes the place of the original continuous

uniting medium. Thus we obtain the ampMartlu-oses, or partly movable, and the

diartliroses, or freely movable.

An amphiarthrosis (Fig. 292) presents the following characteristics: (a)

partial movement
;

(h) union by ligaments and by an interposed plate or disc of

fibro-cartilage, in the interior of which there is (c) an incomplete or partial joint

cavity, which may be lined by a rudimentary stratum synoviale (synovial membrane)
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whose function it is to secrete a Lubricating fluid, the synovia or joint-oil ; (d) a

plate of hyaline cartilage coating each of the opposing surfaces of the bones

concerned. All the joints belonging to this group occur in the median plane of

the body. IL includes the symphysis pubis, the joints between the bodies of the

vertel)ni', and the joint between the manubrium sterui and the body of the sternum.

A diarthrosis (Fig. 2i) 1 ) is the most elaborate as well as the most complete form

of articulation. It is characterised by (ft) capability of movement which is more or

less free in its range
; (6) a reduction of the

uniting structures to a series of retaining liga-

ments
;
(c) an articular cavity which is limited

t)nly by the surrounding ligaments
;

{d)

the constant presence of synovial membrane

;

(g) cartilago articularis (hyaline encrusting
arUcuuJ-l*

CartilaKo
articularis

.Capsula
articularis

Stratum
synoviale

-Diagram of a Diarthbodial
.Joint.

cartilage) wliich clothes the opposed surfaces pucj^

of the articulating bones. The majority of the fyoviaiis

joints in the adult belongs to this group. This stratum

series of joints has been subdivided into a
''>"''^"'*'

number of minor sections, in order to

emphasise the occurrence of certain well-
cartiia-o/

marked structural features, or because of the articuiaris

particular nature of the movement by which

they are characterised. Although in all ^'''^- -^'^•

diarthroses there is a certain amount of

gliding movement between the opposed surfaces of the bones which enter into

their formation, yet, when this gliding movement becomes their prominent feature,

as in most of the joints of the carpus and tarsus, they are termed artlirodia. But
bones may be articulated together so as to permit of movement in one, two, or

more fixed axes of movement, or in modifications of these axes. Thus in uniaxial

joints the axis of movement may lie in the longitudinal axis of the joint, in

which case the trochoid rotatory form of joint results, as in the proximal and

distal radio-ulnar articulations ; or it may correspond with the transverse axis of

the articulation, as in the elbow-joint and knee-joint, when the ginglymus or Mnge
variety results. If movement takes place about two principal axes situated at

right angles to each other, as in the radio-carpal joint, the terms ellipsoid (biaxial

or condyloid) are applied. Movements occurring about three principal axes placed

at right angles to each other, or in modifications of these positions, constitute

multiaxial joints, in which the associated structural peculiarities provide the

alternative terms of enarthrosis or ball-and-socket joints.

STRUCTURES WHICH ENTER INTO THE FORMATION OF JOINTS.

The structures which enter into the formation of joints vary with the nature

of the articulation. In every instance there are two or more skeletal elements,

whether bones or cartilages, and in addition there are the uniting media, which are

either simple or elaborate according to the provision made for rendering the joint

more or less rigid, or capable of movement. We have already seen that the uniting

medium in sjmarthrodial joints is a remnant of the common matrix, whether fibro-

vascular membrane or hyaline cartilage, in which ossification has extended from

separate centres. Among the ampMarthroses there is still extensive union between

the opposing surfaces of the articulating bones, but the character of the uniting

medium has advanced from the primitive embryonic tissue to fibrous and fibro-

cartilaginous material, as well as hyaline cartilage. These, with very few exceptions,

are permanent non-ossifying substances, such as may be seen between the opposing

osseous surfaces of two vertebral bodies. The joint cavity, more or less rudimentary,

is confined to the centre of the fibro-cartilaginous plate, and may result from the

softening or imperfect cleavage of the central tissue. It may also present rudiments
of a synovial membrane.

In the diarthrodial group the extensive cavity has produced great interruption

in the continuity of the uniting structures which originally existed between the
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bones forming such a joint. Ligaments have therefore additional importance in

this group, for not only do they constitute the uniting media which bind the

articulating bones together, but, to a large extent, they form the peripheral

boundary of the joint cavity, although not equally developed in all positions.

Thus, every diarthrodial joint possesses a fibrous or ligamentous envelope con-

stituting the Jibrous stratum of the articular capsule, which is attached to the ad-

jacent ends of the articulating bones. For special purposes, particular parts of the

fibrous stratum may undergo enlargement and thickening, and so constitute strong

ligamentous bands, although still forming continuous constituents of the envelope.

The fibrous stratum is lined by a stratum synoviale (O.T. synovial membrane),

the two strata constituting the capsula articularis. The synovial stratum is con-

tinued from the inner surface of the fibrous stratum to the surface of the intra-

articular portion of each articulating bone. The part of the bone included within

the joint consists of a " non-articular " portion covered by the synovial layer and
an " articular " portion covered by encrusting hyaline cartilage. The latter provides

the surface which comes into apposition with the corresponding area of another

bone. In its general disposition the synovial layer may be likened to a cylindrical

tube open at each end. This layer is richly supplied by a close network of

vessels and nerves.

Certain diarthroses present intracapsular structures which may be distinguished

as interarticular ligaments and articular discs and menisci (O.T. interarticular

fibro-cartilages).

Ligamenta Interarticularia.—Interarticular ligaments extend between, and are

attached to, non-articular areas of the intracapsular portions of the articulating

bones. They usually occupy the long axis of the joint, and occasionally they

widen sufficiently to form partitions which divide the joint-cavity into two com-
partments, e.g. the articulation of the heads of the ribs with the vertebral column,

and certain of the costo-sternal joints.

Articular discs and menisci (O.T. interarticular fibro-cartilages) (Fig. 291) are

more or less complete partitions situated between and separating opposing articular

surfaces, and when complete they divide the joint cavity into two distinct

compartments. By its periphery, a disc is

rather to be associated with the articular

capsule than with the articulating bones,

although its attachments may extend to

non - articular areas on the latter. Those
found in the knee-joint are called menisci

;

those found in other joints are called articular

discs.

Both interarticular ligaments and articu-

lar discs and menisci have their free surfaces

covered by the synovial stratum.

Adipose tissue, forming pads of varying size,

is usually found in certain localities within

the joint, between the synovial stratum and
the surfaces which it covers. These pads are

soft and pliable, and act as packing material,

filling up gaps or intervals in the joint.

During movement they adapt themselves to

the changing conditions of the articulation.

In addition to merely binding together two or more articulating bones, ligaments

perform very important functions in connexion with the different movements
taking place at a joint. They do not appreciably lengthen under strains, and thus

ligaments may act as inhibitory structures, and by becoming tense may restrain

or check movement in certain directions.

Synovial strata, in the form of closed sacs termed mucous or synovial bursse, are frequently

found in other situations besides the interior of joints. Such bursas are developed for the
purpose of reducing the friction, (a) between the integument and certain prominent subcutaneous

bony projections, as, for instance, the point of the elbow, or the anterior surface of the patella

stratum
synoviale

Fig. 291.

—

Diagram of a Diahthrodial Joint
WITH Abticdlar Disc dividing the Joint-

Cavity INTO TWO Compartments.
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(subcutaneous mucous bursae)
;

(h) hetwi'tin a Iciidoii and .-ioim* siuract-, Ijony or cartilaj,'inoiis, over
wliicli it plays (subtendinous mucous bursae)

;
(c) l>cl\vccii a tciidun or a ^m-oiij) of IcikIcjii.s and tin-

walls of osteo-fascial tinuK Is, in which they play (vaginae mucosae tendinum oi' mucous sheaths
of tendons). Siil)toiulinous mucous bursiu are often placed in the neighliourhood of joints, and in

such cases it not iiifre(pieutly happens that there is a direct continuity between the Ijui-sa and the
synovial stratum which lines tht^ cavity of the j(jint through an ajierture in the articular capsule.

THE DIFFERENT KINDS OF MOVEMENT AT JOINTS.

Reference has already been made to the existence of fixed axes of movement as

a l)asis for the classification of certain forms of diarthrodial joints. Hence it is

evident that tlie movements which are possible at any particular joint depend to a

large extent upon the shape of its articular surfaces as well as upon the nature of

its various ligaments. Therefore the technical terms descriptive of movements
either indicate the directions in which they occur, or else the character of the com-
pleted movement.

In the great majority of articulations between short bones, the amount of move-
ment is so restricted, and the displacement of the opposing articular surfaces so

shght, that the term gliding sufficiently expresses its character.

A gliding movement of an extensive kind, for example that of the patella upon the femur, in

which the movement largely resembles that of the tyre of a wheel revolving in contact with the
ground so that different parts are successively adapted to each other, is called co-aptation.

Articulations between long bones, on the other hand, are usually associated

with a much freer range of movement, with a corresponding variety in its character.

Rotation is a movement around an axis which is longitudinal. Sometimes it is the

only form of movement which a joint possesses ; at other times it is merely one of a

series of movements capable of execution at the same joint. Flexion or bending is

a movement in which the formation of an angle between two parts of the body is

an essential feature. As it is possible to perform this movement in relation to two
axes, viz., a transverse and an antero-posterior axis, it is necessary to introduce
qualifying terms. Thus, when two anterior or ventral surfaces are approximated,
as at the hip-, elbow-, or wrist-joints, the movement is called ventral, anterior, or

palmar flexion ; but if posterior or dorsal surfaces are approximated by the process of

bending, then the flexion becomes posterior or dorsi-flexion, as at the knee- or wrist-

joints. Further, at the wrist-joint, the formation of an angle between the ulnar
border of the hand and the corresponding aspect of the forearm, produces ulnar

flexion, and similarly the bending of the hand towards the radial border of the
forearm is radial flexion.

Extension or straightening consists in obliterating the angle which resulted from
flexion. In the case of certain joints, therefore, such as the elbow, wrist, and knee,
the segments of the limb occupy a straight line as regards each other when
extended.

At the ankle-joint the natural attitude of the foot to the leg is flexion at a right angle. The
diminution of this angle by approximating the dorsum of the foot towards the anterior aspect
of the h^g constitutes flexion ; while any effort at placing the foot and leg in a straight line, i.e.

obliteration of the angle, as in pointing the toes towards the ground and raising the heel,

constitutes extension.

Abduction is a term which either expresses movement of an entire limb in a

direction away from the median plane of the body, or of a digit, away from the
plane of the middle finger in the hand, or the plane of the second toe in the case

of tlie foot.

Adduction is the reverse of abduction, and signifies movement towards the

median plane of the body, or towards the planes indicated for the digits of the hand
and foot.

Circumduction is a movement peculiarly characteristic of multiaxial or ball-

and-socket joints. It consists in combining such angular movements as flexion,

extension, abduction, and adduction, so as to continue the one into the other,

whereby the joint forms the apex of a cone of movement, and the free end of the
limb travels through a circle which describes the base of this cone.
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THE DEVELOPMENT OF JOINTS.

Just as the question of structure determines to a large extent the presence or absence

of movement in joints, so in tracing their development it will be found that the

manner of their appearance forecasts their ultimate destination as immovable or mov-
able articulations.

All joints arise in mesodermic tissue which has undergone more or less differentiation.

When this differentiation has produced a continuous membranous layer, in which
ossific centres representing separate skeletal segments make their appearance, we get the

primitive form of suture. The plane of the articulation merely indicates the limit of

the ossific process extending from different directions. If, again, the differentiation of

the mesoderm has resulted in the formation of a continuous cartilaginous layer, in which
ossification commences at separate centres, the plane of the articulation is marked
out by the unossified cartilage—in other words, the articulation is a synchondrosis. Ulti-

mately this disappears through the extension of the process of ossification.

To some extent sutures also disappear, although their complete obliteration is not

usual even in aged people. Developmentally, therefore, synarthroses or immovable
joints do not present any special structural element, and, speaking generally, they have

only a temporary existence.

The development of all movable joints is in marked contrast to that of synar-

throses. Not only are they permanent arrangements so far as concerns normal conditions,

but they never arise merely as planes which indicate the temporary phase of an ossific

process. From the outset they present distinct skeletal units, from which the special

structures of the joint are derived.

The primitive movable joint is first recognised as a mass of undifferentiated meso-

dermic cells situated between two masses, which have differentiated into primitive cartilage.

The cell-mass which constitutes the joint-unit presents the appearance of a thick

cellular disc, the proximal and distal surfaces of which are in accurate apposition with the

primitive cartilages, while its circumference is defined from the surrounding mesoderm by
a somewhat closer aggregation of the cells of which the disc is composed. From this

cellular disc or joint-unit all the structures characteristic of amphiarthrodial and diar-

throdial joints are ultimately developed.

Thus, by the transformation of the circumferential cells into fibrous tissue the invest-

ing ligaments are produced. Within the substance of the disc itself a transverse cleft,

more or less well-defined and complete, makes its appearance. In this manner the disc is

divided into proximal and distal segments, separated from each other by an interval

which is the primitive articular cavity. This cleft, however, never extends so far as to

interrupt the continuity of the circumferential part of the disc which develops into the

fibrous tissue of the investing ligaments. From the proximal and distal segments

of the articular disc the various structures, distinctive of movable joints, are developed.

Thus, in amphiarthrodial joints the cellular articular disc or primitive joint-unit gives

origin to the following structures :—From its circumference, investing ligaments ; from

its interior, the fibro cartilaginous plate in which an imperfect articular cavity with

corresponding imperfect synovial stratum may be found.

In the case of a diarthrodial joint the changes take place on a more extended scale.

The articular cavity becomes a prominent feature, in relation to which the surrounding

fibrous structures form an investing capsule, lined wdth a synovial stratum.

When a single cleft arises, but does not extend completely across the longitudinal axis

of the articular disc, the undivided portion develops into fibrous interarticular ligaments.

On the other hand, when two transverse clefts are formed, that portion of the cellular

disc which remains between them becomes transformed into a fibro-cartilaginous disc

(or in the case of the knee-joint, menisci), which in its turn may either be complete or

incomplete, and thus we may obtain two distinct synovial joint cavities belonging to one

articulation.^

In considering the development of the synovial layer, and the surfaces on which it is

found in the interior of a joint, it is necessary to keep clearly in mind that a synovial

layer is a special structure, whose function it is to produce a lubricating fluid or synovia,

and that, therefore, its position is determined by the essential necessity of proximity

to a direct blood-supply. In other words, this condition is provided by all parts of

' From a series of oVjservations upon the development of diarthrodial joints, the writer considers that

there is evidence to show that the " cellular articular disc " is directly responsible for the production of

the epiphyses which adjoin the completed articular cavity, and that, among such amphiarthroses as exist

between the bodies of vertebrae, not only the intervertebral fibro-cartilage, but the proximal and distal

epiphyses which ultimately unite with the vertebral bodies have a common origin in the joint-unit.
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the iiiterioi' of an articular cavity except the articular encrusting cartilage. Conse-

quently the synovial stratum is absent only from the free surface of articular cartilage,

altiiough it forms a thicker layer ujjou the inner surface of the articular capsule than

upon the free surfaces of interarticular ligaments, discs, and menisci.

It is not necessary to suppose that the synovial stratum has disappeareil from these

articular cartilages as the result uf friction, becau.se, notwitiistanding constant friction,

such parts as the interior of articular capsules or the menisci of the knee-joint have not

been denuded of their synovial covering.

As the epiphyses adjoining articular cavities are produced in the joint-units, the

attachments of the capsule should bo found upon, and restricted to, the non-articular

surfaces of the articular epiphyses. While this is the case in their earliest stages, yet, as

development advances, considerable variations arise, until, in the adult condition, the

capsule of the larger articulations, more particularly of the extremities, is not always

restricted to the epiphyses for its attachments. The student will readily perceive and
appreciate these variations by comparing the accounts and illustrations of the epiphyses

with those of the articulations, and he should note that in some cases the epiphysial line

is extrd-capsidar, i.e. the capsular attachment is restricted to the epiphysis ; in some the

line is intra-capsu/(ir ; and in some the epiphysial line is partly intra-capsular and partly

e.\tra-capsular.

MORPHOLOGY OF LIGAMENTS.

From what has been said in connexion with the development of joints, it will be evident
that ligaments are essentially products derived from the cellular articular disc.

Nevertheless, in relation to the fully formed joint, many structures are described as ligaments
which do not take origin in the manner just indicated. Some of these ligamentous structures

remain fairly distinct from the articular capsules with which they are immediately associated
;

others become thoroughly incorporated with the articular capsules and cannot be separated

therefrom, while yet others may be found situated within the capsule of a joint, and thus play
the pai't of interarticular ligaments.

instances oi each of these forms of adventitious ligaments may be readily given. For
exami)le, we may instance the expansion of the tendon of the semimembranosus muscle to the

oblique ligament of the knee-joint, and the offshoots from the tendon of the tibialis posterior

muscle to the plantar asjiects of various tarsal bones, as illustrations of structures which play
an important jjart as ligaments, but are not indelibly incorporated with the joint capsule.

Of structures which have become indelibly incorporated Avith the primitive capsule, we may
instance the broad tendinous expansions of the quadriceps extensor muscle around the knee-joint.

The tibial collateral ligament of the same joint is regarded as a detached portion of the
tendon belonging to that part of the adductor magnus muscle which takes origin from the
ischium, while the fibular collateral ligament of the knee is considered by some to be the jjrimi-

tive femoral origin of the perona3US longus muscle. Another illustration of the same condition

is found in the coraco-humeral ligament, which is regarded by some as representing a detached
portion of the pectoralis minor muscle.

Two illustrations may be given of structures playing the part of ligaments within the
capsule of a joint, although in the first instance they are not cleveloped as ligaments. It is

questionable if the ligamentum teres of the hip-joint is an interarticular ligament in the true

sense of the term ; it has been regarded as the isolated and displaced tendon of the ambiens muscle
found in hinh. In the shoulder-joint, many observers look upon the superior gleno-hunaeral
ligament as representative of the ligannrntum teres.

Such sti'uctures as the stylo-hyoid ligament and the spheno-mandibular ligament, although
described as ligaments, are in reality skeletal jjarts which have not attained their complete
ossific development.

Again, certain portions of the deep or muscular fascia of the body which become specialised

into restraining and sujjporting bands {e.g. the ilio-tibial tract of the fascia lata ; the stylo-mandi-
bular ligament ; the transverse cari)al and dorsal carpal ligaments of the wrist-joint ; the
transverse crural ligament, and lig. laciniatum of the ankle-joint), although called ligaments,

have no direct developmental association with articular ligaments.

Lastly, the inguinal ligament of Poupart and the lacimar ligament of Gimbernat, being
special developments in connexion with an exjjanded tendon or aponeurosis, are still further

removed from association with an articulation.

LIGAMENTA COLUMN^E VERTEBRALIS ET GRANIL

Ligaments of the Vertebral Column and Skull.—All vertebra?, with the

exception of those which deviate from the coininon vertebral type, present two
sets of articulations whose various parts are arranged upon a uniform pattern.

Thus, every pair of typical vertebrae presents an articulation between the bodies

and a pair of articulations between the vertebral arches. With the latter there

20
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are associated various important accessory ligaments which bind together laminse,

spinous processes, and transverse processes.

Articulations between Bodies of Vertebrae.—These are amphiarthrodial joints.

Singly, they present only a slight degree of mobility, but when this amount of move-
ment is added to that of the whole series, the ranee of movement of the vertebral

Vertebral body

Intervertebral fibro-

cartilage

Nucleus pulposus

Ligamentnm flavum

Spinous process

Fig. 292.

—

Median Section through a Portion of the Lumbar Part of the Vertebral Column.

column becomes considerable. The articular surfaces are the flattened surfaces of

adjacent vertebral bodies. They are bound together by the following structures :

—

Fibrocartilagines Intervertebrales (Fig. 292).—Each intervertebral fibro-

cartilage accommodates itself to the space it occupies between the two vertebral

bodies, to both of which it is firmly adherent. The fibro-carbilages, from different

\Hterior longitudinal ligament

Rib

Three slips of the
radiate ligament

of the head of the ri

Anterior costo-
transverse
ligament

4wii'f'ii iiil^^p^^^

Fig. 293.

—

Anterior Longitudinal Ligament of the Vertebral Column, and the Costo-vertebral
Joints as seen from the front.

parts of the vertebral column, vary in vertical thickness, being thinnest from the

third to the seventh thoracic vertebra, and thickest in the lumbar region. In the

cervical and lumbar regions each fibro- cartilage is thicker anteriorly than

posteriorly, thereby assisting in the production of the anterior convexity which

characterises the vertebral column in these two regions. In the thoracic region



LIGAMENTS OF THE VEETEBRAL COLUMN. 307

the fibro-cartilages are thinnest on their anterior aspects in correspondence with

the anterior concavity of this section of the vertebral cohimn.

Each tihro-cartilage consists of a circumforential ])orLi()n,annulus fibrosus, formed

for the most part of obUque parallel fibres running from one vertebra to the

other; horizontal librcs are also found. The axial or central part of the tibro-

cartilage, tlie nucleus pulposus, is clastic, soft, and pulpy.

The superior and inferior surfaces of the fibro-cartilage are closely adherent

to the adjoining epiphyseal plates of the vertebral bodies, and as ossification

advances, the distinction between epiphyseal plates and vertebral Ijody disappears.

As a rule the transverse diameter of the fil^ro-cartilage corresponds to that of

the vertebral bodies which it joins together; but in the cervical region, where

the inferior margin of the super-imposed vertebra is overlapped on each side by

the one which bears it, the fibro-cartilage does not extend to the extreme lateral

margin, and in this position a small diarthrosis may be seen at each lateral margin

of tlie liliro-cartilage.

Lig. Longitudinale Anterius. — The anterior longitudinal ligament (O.T.

anterior common ligament) (Fig. 293) consists of a wide stratum of longitudinal

fibres which extends from the front of the epistropheus vertebra to the front of

the superior segment of the sacrum, and becomes gradually wider from above

downwards. It Hes on the anterior surfaces of the intervertebral fibro-cartilages, to

which it is firmly attached as it passes from one vertebra to the other. Its fibres

vary in length. Some are attached to contiguous margins of two adjoining

vertebne ; others pass in front of one vertebra to be attached to the next below,

and yet others find their lower attachment three or four verteljrte Ijelow the one

from which they started. None of the fibres are attached to the transverse

depression on the anterior surface of a vertebral body.

Lig. Longitudinale Posterius.— The posterior longitudinal ligament (O.T.

posterior common ligament) (Fig. 294) is found within the verteltral canal upon

the posterior aspect of the vertebral bodies. It

consists of longitudinal fibres, and it extends from

the sacrum to the epistropheus vertebra, superior

to which it is continued to the skull as the

membrana tectoria. Opposite each interverte-

bral fibro-cartilage it is attached to the entire

width of the adjacent margins of the two vertebral

bodies, its fibres being continued over the posterior

surface of the fibro-cartilage. In the lumbar and
thoracic regions the width of the ligament is con-

siderably reduced opposite the back of each vertebral

body, and thus it forms a series of dentate pro-

jections along both of its margins ; but in the

cervical region the width of the ligament is more
uniform. One or two large thin -walled veins

escape from the body of each vertebra under cover

of this ligament.

Articulations between Vertebral Arches.—
The vertebral arch of each typical vertebra carries

two pairs of articular processes, by means of which
it articulates with adjacent vertebral arches. The
articulations between these processes are true

diarthroses of the arthrodial variety.

The distinctive characters of these articidar surfaces, as regards their shape

and direction in the different groups of vertebrae, have been referred to in the

section on osteology.

All these articulations are provided with complete but very thin-walled cap-

sulae articulares, which are thinnest and loosest in the cervical region, where also

the movements are freest. Each capsule is lined with a stratum synoviale.

Associated with these joints between vertebral arches are certain ligaments'which

are accessory to the articulations, although they are quite distinct from the capsule.

Root of ver-

tebral arch
divided

i'lli, 294.—PoSTEKlOR LONtilTDDINAL

Ligament of the Vertebral Column-



308 THE AETICULATIONS OR JOINTS.

Root of
vertebral arch
divided

The laininiE of adjoining vertebrae are bound together by the ligamenta flava

(O.T. subflava) (Fig. 295), which consist of j^ellow elastic fibres. The ligamenta
flava close the vertebral canal in the intervals between the laminse. Each ligament
is attached superiorly to the anterior aspect of one lamina at a short distance above
its inferior border, and inferiorly it is attached to the posterior aspect of the

subjacent lamina.

In the thoracic region, where the imbrication of adjoining laminse is a prominent
feature, these ligaments are not so distinctly visible from behind as they are in the

regions where imbrication of the laminse is not so marked.
Laterally they extend as far as the articular capsules, while medially the margins

of the ligaments of opposite sides meet under cover of the root of the spinous

process.

Contiguous spinous processes are also attached to each other by ligamenta

interspinalia (interspinous ligaments) (Fig. 292). These are strongest in the lumbar,

and weakest in the thoracic region. Each consists of layers of obliquely inter-

lacing fibres which spring from near the tips of the two adjacent spinous process

and radiate to their op-

posing margins. In the

antero - posterior direc-

tion they extend from
the base to the tip of

the spinous process.

The ligamenta supra-

spinalia (supra-spinous
ligaments) (Fig. 292)
consist of longitudinal

bands of fibres of varying

lengths. They extend

from spine to spine,

being attached to their

tips, and are situated

superficial to, although

in continuity "with, the

ligamenta interspinalia.

Transverse In the ccrvical rcgiou
piocess

^^^^ series of ligaments

is extensively developed,

where they project back-

wards from the spinous

processes between the

muscles of the two sides

of the neck in the form of

an elastic partition called

the ligamentum nuchse.

The antero-posterior extent of the ligamentum nuchas increases as it approaches

the occiput, where it is attached to the external occipital crest from the external

occipital protuberance to the posterior border of the foramen magnum. Its posterior

margin is free, and extends from the external occipital protuberance to the spine

of the vertebra prominens.

Between the transverse processes there are ligamenta intertransversaria, which

consist of vertical fibres extending from the postero-inferior aspect of one transverse

process to the superior margin of that next below. These ligaments are generally

absent from the cervical and upper thoracic regions.

Sacro-coccygeal Symphysis.—The last piece of the sacrum is joined to the

first piece of the coccyx by an intervertebral fibro-cartilage, and the junction

is rendered more secure by the presence of certain strong ligaments. A lig. sacro-

coccygeum anterius, continuous with the lig. longitudinale anterius, is placed in

front. A lig. sacrococcygeum posterius, which stretches downwards from the sharp

border of the lower opening of the sacral canal, strengthens the joint behind. A

Fig. 295.

—

Ligamenta Flava as seen from the front after Re-

moval OF the Bodies of the Vertebr/e by sawing through the
Roots of the Vertebral Arches.
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lig. sacrococcygeum laterale supporta the joint on each side, whilst strong Vmuds pass

between the cornua of tlie two bones and constitute the interarticular ligaments.

Intercoccygeal Joints.—So long as they remain separate, the dillerent pieces

of the coccyx are joincnl by intervertebral fibro-cartilages and by anterior and
posteridr ligaments.

Movements of the Vertebral Column.—Althougli the amount of movement permissible

between any two vertebiie is txtivnuly limited, yet tlie total range of movement capal)le of

being attained by tlie entire vertt'l)ral column is very con.siderable.

Flexion may occur lK)th forwai-ds and l)ackwai-ds at the articulations of vertebral bodies, but
more freely in the lumV)ar and cervical region.s than in the thoracic region, where the limited

amount of intervertebral tibro-cartilage and the imbrication of the laminae and spines restrict

the movement. Backward flexion is most pronounced in the cervical region, and forwai-d Hexion
in the lumbar region. Between the articular surfaces of the articulations lietween vertebral

arches a variety of movements are permitted, dependent upon the directions of the.se surfaces.

Thus lateral flexion ~is permitttd in the lumbar, but not in the cervical or dorsal region-s.

Again, in tlic lumlmr region rotation does not occur, owing to the shape of the articular

processes, wliile it is possible in the thoracic region. In the cervical region the shape and position

of the aiticular surfaces prevent the occurrence both of lateral flexion and of rotation as isolated

movements, Init a combination of these two movements may take j^lace, whereby rotatory move-
ment in an oblique median axis results. Finally, in the lumbar region, Ijy combining the four

forms of flexion, viz., forward, backward, and lateral, a certain amount of circumduction is possible.

Articulatio Atlantoepistkophica.

Between the atlas and epistropheus vertebrae three diarthroses occur. Two of

them are situated laterally, iu relation to the articular processes, and are called

Membrana tectoria

Basilar part of occipital bone

Anterior atlaiito-oecipital ligament

Ligamentum apicis dentis

Synovial cavity

Anterior arch of atlas ^T^^f/f/.^i^.'^ii-l i

Transverse ligament of atlas

Inferior crns of cruciate ligament ~'~ir"'rf^''ZT'"'^r* 'j'

i \ t

Rudimentary intervertebral I: [r "?.'>^'''*V-'r : ;/

libro-cartilage

Superior crus of cniciate
ligament of the atlas

Synovial cavity
Posterior atlanto-occipital
membranes

^•^^ Occipital bone

Posterior longitudinal ligament

Posterior arch of atlas

Root of spine of epistropheus

Fic;. 296.

—

Median Section through the Atla.\to-occipital and Atlaxto-kpistropheal Joints.

arthrodial diarthroses, because of the flattened nature of the articulating surfaces.

The third articulation is median in position. It is found between the smooth
anterior surface of the dens of the epistropheus and the articular facet on the

posterior aspect of the anterior arch of the atlas. This joint is a rotatory diarthrosis.

Ligamenta.—Each of the joints is furnished with a capsula articularis, whereby
the articular cavity is circumscribed. In the case of the lateral articulations, each

articular capsule presents a distinct band, named the accessory ligament, which is

situated within the vertebral canal (Fig. 297),and passes downwards and medially from
the lateral mass of the atlas to the superior aspect of the body of the epistropheu.s.

The following additional ligaments constitute the leading bonds of union :

—

Lig. Obturatorium Atlantoepistrophica Anterior.

—

The anterior covering

atlanto-epistropheal ligament (O.T. anterior atlo-axoid ligament) (Fig. 296) is a mem-
branous structure which is thin laterally, but strong in the median plane, where it is

thickened by a prolongation of the lig. longitudinale anterius. It extends from
the anterior arch of the atlas to the front of the body of the epistropheus.
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Lig. Obturatorium Atlantoepistrophica Posterior.—The posterior covering

atlanto-epistroplieal ligament (O.T. posterior atlo-axoid ligament) (Fig. 296) occupies

the position which is elsewhere taken by the ligamenta flava. It extends from
the posterior arch of the atlas to the upper border of the vertebral arch of the

epistropheus.

Lig. Transversum Atlantis.—The transverse ligament of the atlas (Figs. 296
and 297) is a strong band, placed tra.nsversely, which arches backwards behind

the neck of the dens of the epistropheus. By its extremities it is attached to

the tubercle on the medial aspect of each lateral mass of the atlas. A thin plate

of fibro-cartilage is developed in its central part.

A stratum synoviale (synovial membrane) lines each of the three articular capsules,

and in addition a synovial sac is developed between the dens and the lig. transversum

atlantis. This is more extensive than the synovial cavity between the dens and the

atlas.

Articulatio Atlanto-occipitalis.

There are two articulations between the atlas and the occipital bone. Each
is a diarthrosis in which movement takes place in relation to two axes, viz. the

Membiana teotona

Cius supeims

Occipital bo

Lateral mass of atlas

Atlanto-epistropl

Body c

'Liganientum apicis dentis

Ligameutum alare

Crus superius

Ligameutum crucia-
tum atlantis

Accessory atlanto-
epistroplieal ligament

Cius inferius

Membiana tectoria

Fig. 297.

—

Dissection from behind of the Ligaments connecting the Occipital Bone, the Atlas,

AND the Epistropheus with each other.

transverse and the antero-posterior. The condyle of the occipital bone is bi-

convex, and fits into the bi-concave superior articular surface of the atlas, while the

long axes of the two joints are directed horizontally forwards and medially.

Ligamenta.—Each articulation is provided with a capsula articularis which is

thin but complete. It is attached to the rough non-articular surfaces surrounding

the articular areas on the atlas and occipital bone.

The following supplementary ligaments are the chief structures which bind the

atlas to the occipital bone :

—

The membrana atlanto-occipitalis anterior (anterior occipito-atloid membrane)

(Fig. 296) is a strong although thin membrane, attached inferiorly to the anterior

arch of the atlas, and superiorly to the anterior half of the circumference of the

foramen magnum. Laterally it is in continuity with the articular capsules, while

in the median plane, where it extends from the anterior tubercle of the atlas to the

basilar x>art of the occipital bone, it presents a specially well-defined thickened band

which might be regarded as a separate accessory ligament or as the beginning

of the anterior longitudinal ligament of the vertebrce.

The membrana atlanto-occipitalis posterior (posterior occipito-atloid membrane)

(Fig. 296) is another distinct but still thin membrane which is attached superiorly

to the posterior half of the circumference of the foramen magnum, and inferiorly to

the upper border of the posterior arch of the atlas. Laterally it also is continuous

with the articular capsules. On each side of the median plane its inferior border
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is arched in relation to the vertebral groove, and is therefore to some extent free,

in order to permit the passage of the posterior ramus of the first cervical nerve
and the vertebral artery. Not infrequently this arched border becomes ossified,

thus converting the groove on the bone into a foramen.

A synovial stratum lines each of the articular capsules.

There is no direct articulation between the epistropheus and the occipital bone,

but union l)etwecn theiu is effected by means of the folloNving accessory ligaments :

—

The membrana tectoria (Fig. 296) is situated within the vertebral canal, and is

usually regarded as the upward continuation of the posterior longitudinal ligament
of the vertebral bodies. It extends from the posterior surface of the body of the

epistropheus to the basilar groove on the superior surface of the basilar part of the

occipital bone, spreading laterally on the circumference of the foramen magnum.
Some of its deepest fibres are attached to the atlas iriimediately above the atlanto-

epistroi)heal articulation.

Subjacent to the membrana tectoria there is the ligamentum cruciatum atlantis

(Fig. 297), a structure which is very closely associated with the lig. transversum
atlantis. It consists of a cms transversum, formed by the superficial fibres of

the transverse ligament of the atlas ; a ci'us inferius, consisting of median longi-

tudinal fibres wliich are attached below to the posterior surface of the body of the

epistropheus, and above to the crus transversum ; and a cms superius, also median
and longitudinal, whose fibres extend from the crus transversum upwards to the

posterior surface of the basilar part of occipital bone, immediately subjacent to the

membrana tectoria.

Ligamenta Alaria.—The alar ligaments (O.T. check ligaments) (Fig. 297) are

two very powerful, short, and somewhat rounded bands. They are attached medially

to the sides of the summit of the dens, and laterally to the tubercle on the medial
aspect of the condylar portions of the occipital bone.

Ligamentum Apicis Dentis.—The ligament of the apex of the dens (O.T.

middle odontoid) (Fig. 297) consists of fibres running vertically upwards from the

apex of the dens to the median part of the anterior margin of the foramen magnum.
This ligament to some extent represents an intervertebral fibro-cartilage, in the

centre of which remains of the

notochord may be regarded as

present.

Even in advanced life a

small lenticular mass of cartil-

age, completely surrounded by
bone, persists in the plane of

fusion between the dens and
the body of the epistropheus.

Movements at these Joints.

—

At tlie joints between occipital bone
and atlas the movements are very
simple, and consist essentially of
movements whereby the head is

elevated and depressed upon the
vertebral column (nodding move-
ments). In addition a certain
amoimt of oblique movement is

possible, during which great stabil-

ity is attained by resting the
anterior and posterior parts of
opposite condyles upon correspond-
ing parts of the atlas.

The head and the atlas rotate
together upon the epistropheus, the
pivot of rotation being the dens,
and the amount of rotation is limited
by the ligamenta alaria. No rota-
tion can occur between the occiput
and atlas, and stability between atlas and epistropheus is best attained after a slight amount
of rotation, similar to the oblique movement between occipital bone and atlas.

Teniporo-mandibular ligament
(anterior and posterior parts)

Styloid process

Stylo-niandibular ligament

Fig. 298.

—

Mandibular Joixt.
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ARTICULATIO MANDIBULARIS.

i. >
o a
'C " Tuberculum articulare

Fig. 299.- -Section through the Mandibular
Joint.

The mandibular joint (O.T. temporo-mandibular) is an arthrodial diarthrosis. It

occurs between the mandibular fossa of the temporal bone and the condyle of

the mandible. These two articular surfaces are markedly dissimilar both in size

and shape. In its general outline the articular surface of the head of the

mandible is cjlindricai, having its long

axis directed from the medial side laterally

and forwards. On the other hand, the

mandibular fossa is concavo-convex from
behind forwards. Its articular surface

includes the tuberculum articulare—the

eminence at the base of the anterior root

of the zygoma. The articular surfaces of

the bones are clothed with hyaline en-

crusting cartilage, whilst the articular

cavity is divided into a superior and
inferior part by a disc of fibro-cartilage.

Ligaments.—The joint is invested by
an articular capsule which is quite com-
plete, but is very thin on the medial, side.

The lateral part of the fibrous stratum of

the capsule— the temporo-mandibular liga-

ment (O.T. external lateral) (Fig. 298)— is divisible into anterior and posterior

portions which are attached superiorly to the root tubercle and inferior border

of the zygomatic process of the temporal bone, and inferiorly to the lateral side

and posterior border of the neck of the mandible. The direction of its fibres is

downwards and backwards.

Within the capsule there is a disc of fibro-cartilage, the discus articularis

(Fio-. 299), which is moulded upon the condyle of the mandible below, and on the

articular surface of the temporal bone above. It thus compensates for the

incongruity between the articular

surfaces of the two bones. The disc

is attached circumferentially to the

capsule. It is widest in the trans-

verse direction, thicker posteriorly

than anteriorly, and thinnest towards

the centre, where it may be perforated.

Its anterior margin is intimately

associated with the insertion of the

external pterygoid muscle.

A synovial stratum lines each of

the compartments into which the

joint cavity is divided by the disc.

As a rule these membranes are

separate from each other, but they

become continuous when the disc

is perforated. The superior synovial

stratum is larger and more loosely

disposed than the lower.

Situated on the medial aspect of the joint, but at a short distance from it, and

quite distinct from the ca^jsule, there is an accessory band called the lig. spheno-

mandibulare (Fig. .300). Superiorly the spheno-mandibular ligament (O.T. internal

lateral; is attached to the angular spine of the sphenoid Ijone, and inferiorly to

the inferior as well as the anterior border or lingula of the inferior alveolar

foramen. It is not an articular ligament in the true sense ; for, instead of being

connected with the joint, it is developed in the tissue surrounding part of Meckel's

cartilage.

Splieno-mandibular
ligament

mandibular
ainent

Fig. 300.

—

Spheno-Mandibular Ligament of the

Mandibular .Joint.
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Portions of the following structures afe found in the interval between the spheno-niandihular
ligament and the ramus of the mandible— viz., the external j^terygoid muscle; internal

maxillary vessels ; inferior alveolar vessels and nerve ; middle meningeal vessels ; auriculo-

temporal iicrvf ; and sonu'tiuu's a ileep portion of the parotid gland.

Movements of the Mandible.—The nature of the movements which the mandible can

perform is tletermined partly Ijy llie character of the articular surfaces of the mandibular joint,

and partly by the fact that, while the two joints always act simultaneously, they may al.su,

to some extent, perform the same movement alternately.

When movement takes place through the long or transverse horizontal axis of each joint,

the mandible may be elevated, as in clenching the teeth, or it may be depressed, as in gaping.

In the latter movement the condyle leaves the mandibular fos.sa, and, along with the disc, it

moves forwards until they rest upon the tuberculum articulare. Meantime the chin de.scribes

the arc of a circle, of which the centre or point of least movement corresponds to the position of

the inferior alveolar foramen, and thus the structures which enter at that foramen are protected

against stretching. Coincidently with the forward movement of the condyle, it glides in a

revolving manner upqn the inferior aspect of the di.sc.

At any stage in the movement of depressing the chin the mandible may be protruded, so

that the inferior incisor teeth are projected in front of the upper .set, a movement which results

from the condyles of the mandible being drawn forwards upon the articular tubercles. A similar

relation of the condyle to the articular tubercle occurs during the exaggerated depression of

the mandible Avhich results from yawTiing, in M'liich position the articulation is liable to be

dislocated. When the two joints perform the same movement alternately, a certain amount of

lateral motion results, from the fact that the long axis of each joint presents a slight obliquity

to the transverse axis of the skull, and consequently a grinding or oblique movement in the

horizontal ]ilane is produced. Excessive depression, with the risk of dislocation, is resi.sted by
the fibres of the temporo-mandibular ligament, which becomes tense.

In all movements of the mandible the disc conforms closely to the position of the condyle,

and they move forwards and backwards together, but at the same time the disc does not restrict

the movements of the condyle. Thus while the disc, along with the condyle, is gliding upon
the temporal aspect of the joint, the condyle itself revolves upon the inferior surface of the disc.

Cranial Ligaments not directly associated with Articulations.

Lig. Stylomandibulare.—The stylo-mandibular ligament (Figs. 298 aud 300) is a

specialist'd portion of the deep cervical fascia which extends from the anterior aspect

of the tip of the styloid process of the temporal bone to the posterior border of the

angle of the mandible, between the insertions of the masseter and internal pterygoid

muscles.

Lig. Pterygospinosum.—The pterygo-spinous ligament is a membrane extending

from the upper part of the posterior free margin of the lateral pterygoid lamina,

posteriorly and slightly laterally, to the angular spine of the sphenoid. An
interval is left between its upper border and the floor of the skull for the outward
passage of those branches of the inferior maxillary nerve which supply the

external pterygoid, temporal, and masseter muscles. This ligament has a tendency

to ossify either wholly or partially.

Lig. Stylohyoideum.—The stylo-hyoid ligament may be regarded as the down-
ward continuation of the styloid process of the temporal bone. Inferiorly it is

attached to the lesser cornu of the hyoid bone. It is not infrequently ossified, in

which case it constitutes the epihyal bone found in many animals.

THE JOINTS OF THE THORAX.

Articulationes Costovertebrales (Costo - vertebral Articulations). — The
typical rib articulates with the vertebral column both by its head and by its

tubercle. Thus, two sets of articulations, with their associated ligaments, exist

between the ribs and the vertebrae, but each set is constructed upon a common
plan, with the exception of certain joints situated at the upper and lower ends of

the series, where the ribs themselves deviate from the typical form.

Articulationes Capitulorum.

The articulations of the heads of the ribs with the bodies of the vertebne

(Fig. 293) are all diarthroses, which, from their somewhat hinge-like action, may
be classed as ginglymoid.
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The head of eveiy typical rib is wedge-shaped, and presents two articular

facets, an upper and a lower, separated from each other by an antero-posterior

ridge which abuts against an intervertebral fibro-cartilage, while the articular facets

articulate with similar surfaces on the contiguous margins of the two vertebrae

adjoining the fibro-cartilage. These surfaces form a wedge-shaped depression or

cup, the bottom of which is more elastic than the sides, and thus an arrangement

is provided which tends to reduce the shock of blows upon the walls of the chest.

Each of these articulations is provided with an articular capsule which

surrounds and encloses the joint, and is attached to contiguous non-articular

margins on the head of the rib and the two vertebral bodies. On its anterior or

ventral aspect the capsule presents three radiating fasciculi which collectively form

the lig. capituli costse radiatum (radiate ligament of tlie head of the rib (O.T. stellate))

(Fig. 293). These fasciculi radiate from a centre on the anterior surface of the head

of the rib, so that the middle fasciculus becomes attached to the intervertebral

fibro-cartilage while the upper and lower fasciculi proceed to the adjacent margins

of the two vertebrae between which the fibro-cartilage is situated, and with which

the rib articulates. To a slight extent these radiating fasciculi pass under cover of

the lateral margin of the anterior longitudinal ligament of the vertebral bodies.

In those joints in which the head of the rib does not articulate with an inter-

vertebral fibro-cartilage the central fasciculus of the radiate ligament is wanting,

but the other two retain the same general arrangement.

Lig. Capituli Costae Interarticulare.—The interarticular ligament of the head

of the rib consists of short transverse fibres within the capsule. These are attached,

on the one hand, to the ridge which intervenes between the two facets on the head

of the rib, and on the other to the lateral aspect of the intervertebral fibro-cartilage.

This ligament is not a disc or meniscus, but merely an interarticular ligament, of

width sufficient to divide the joint cavity into an upper and a lower compartment.

It is absent from those joints which do not articulate with an intervertebral fibro-

cartilage, i.e. from those ribs which articulate with the body of only one vertebra.

The interarticular ligament is supposed to represent the lateral end of a ligament which,

under the name of the lig. conjugale costarum, connects the heads of the ribs of certain mammals
across the posterior aspect of the intervertebral fibro-cartilage, and, in the hiiman subject, until

the seventh month of foetal life, connects the posterior aspects of the necks of a pair of ribs with

each other across the median plane.

A stratum synoviale lines each joint cavity, and therefore, in all cases where the

joint is divided into two compartments, each one has its own synovial lining.

Aeticulationes Costotransveksaki^.

In the costo-transverse joints the tubercle of each typical rib articulates with

the transverse process of the lower of the two thoracic vertebrse with which the

head of the rib is associated. Near the tip of the transverse process there is

an articular facet, on its anterior aspect, for articulation with the corresponding

facet on the medial articular part of the rib tubercle. The joint so formed is

an arthrodial diarthrosis.

The joint cavity is surrounded by a comparatively feeble capsula articularis,

which is attached immediately beyond the margins of the articular facets, and in

which no special bands can be distinguished.

A simple stratum synoviale lines the capsule in all cases where the latter is

present.

The following accessory ligaments, in connexion with this joint, strengthen and
support the articulation :

—

Ligamentum Costotransversarium Anterius.—The anterior costo-transverse

ligament (O.T. superior) (Fig. 293) consists of strong bands of fibres which are

attached to the superior border of the neck of the rib, extending from the head

laterally to the non-articular part of the tubercle. All these fibres may be traced

upwards. Those situated nearest to the head of the rib proceed obUquely upwards

and laterally, to be attached to the transverse process immediately above, but with



STERNO-COSTAL JOINTS. 315

extensions to the adjoining rib ami its costo-transverse articular capsule. Others
proceed almost vertically upwards to the adjoining transverse process, while those
which ascend from the upper surface of the tubercle pass obliquely upwards and
inwards to reach the postero-inferior aspect of the adjoining transverse process.

Some posterior fibres connected with the transverse })rocess at its junction with
the lamina are called the posterior costo-transverse ligament.

Lig. Tuberculi Costse.—The ligament of the tubercle of the rib is a band of
transver.se tibres applied to the postero-lateral aspect of tiie capsule. By one end
these fibres are attached to the tip of the transverse process behind its articular

tacet, and by the other to the external rough surface of the tubercle of tlie rib.

Lig. Colli Costae.—The ligament of the neck of the rib (O.T. middle costo-

transverse ligament) consists of short filjres which stretch from the posterior aspect
of the neck of the rib, backwards and medially, to the anterior aspect of the
transverse process, but, in addition, a proportion of the fibres passes to the posterior

aspect of the inferior articular process of the upper of the two vertebrae with which
the head of the rib articulates.

The following exceptions to the general plan of rib-articulation indicated above
must be noted :

—

1. There is no articulation between the eleventh and twelfth ribs and the
transverse processes of the corresponding vertebrae.

2. The anterior costo-transverse ligament is wanting from the first rib, and is

either rudimentary or wanting in the case of the twelfth rib.

3. The lig. colli costa3 is rudimentary in the eleventh and twelfth ribs.

The ligamentum lumbocostale extends from the superior surface of the base of the
transverse process of the first lumbar vertebra to the inferior surface of the neck of

the twelfth rib, as well as to the inferior surface of the transverse process of the
twelfth thoracic vertebra.

Articulationes Costochondrales.

Each rib possesses an unossified portion, termed its costal cartilage. As age
advances, this cartilage may undergo a certain amount of superficial ossification,

but it never becomes entirely transformed. The line of demarcation between
bone and cartilage is clear and abrupt, and usually the bone forms an oval cup, in

which the end of the cartilage is retained by means of the continuity which exists

between the periosteum and the perichondrium. There is no articulation in the

proper sense between the rib and its cartilage, although a synovial cavity has
occasionally been found between the first rib and its cartilage.

Articulationes Interchondrales.

Interchondral joints are arthrodial diarthroses, and they are found between
adjoining margins of certain of the costal cartilages, viz., from the fifth to the eighth
or ninth. The cartilages which thus articulate develop flattened, somewhat conical,

prolongations of their substance, and thereby the intercostal spaces are interrupted
where these flat articular facets abut against each other. Each joint is closed

by a surrounding articular capsule, the superficial and thoracic aspects of which are

specially strengthened by external and internal interchondral ligaments. These
bands extend obliquely between adjacent cartilages.

A stratum synoviale lines each joint capsule.

Articulationes Sternocostales.

The upper seven pairs of costal cartilages, as a rule, extend to the lateral

margins of the sternum to form sterno-costal joints. Of these, the /ii'st pair is

implanted directly upon the manubrium sterni. The ossific process ends abruptly
in connexion with the rib, and also ceases as suddenly in connexion with the
sternum, and hence the cartilage does not normally present an articulation at

either end. From the second to the seventh pairs of ribs inclusive, the sterno-costal

joints are constructed upon the type of arthrodial diarthroses, although, in the case
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of the sixth and seventh cartilages, the joint ca%dty is always small, and is frequently
obliterated.

The sternal end of each of these costal cartilages presents a slight antero-pos-
terior ridge which fits into a shallow V-shaped depression upon the lateral margin
of the sternum. With the exception of the sixth cartilage, they articulate opposite
the lines of union between the primary segments of the sternum ; the sixth articu-

lates upon the side of the lowest segment of the body of the sternum.
Each joint is enclosed by a capsula articularis, the fibrous stratum of which is

attached to the adjacent borders of the articulating elements. Specially strong
fibres distinguish the superficial and deep aspects of the capsule.

The lig. sternocostale radiatum (O.T. anterior costo-sternal ligament) (Fig. 301) is

composed of strong fibres which radiate from the anterior surface of the costal

cartilage, near its sternal end, to the front of the sternum. The ligaments of

opposite sides interlace with each other, and so cover the front of the sternum with
a felted membrane—the membrana stemi.

Joint capsule

Joint cavity

Interarticular ligament

Joint cavitj

—^^ ' "iVvV

Costo-claWcnlar
ligament

Anterior stemo-clavicular
ligament

sterno-costale radiatum

Fig. 301.

—

Sterno-clavicular and Sterno-costal Joints.

The lig. sternocostale posterius (posterior costo-sternal ligament)—also a part

of the capsule—has attachments similar to the foregoing, but the arrangement of

its fibres is not so powerful.

The ligamentum costoxiphoideum passes from the front of the upper part of the

xiphoid process, obliquely upwards and laterally to the front of the seventh, and
sometimes to the front of the sixth costal cartilage.

Within the capsules of these joints ligamenta sternocostalia interarticularia (inter-

articular ligaments) (Fig. 301) may be found. Their disposition is somewhat uncertain,

for whereas, in the case of the second pair of cartilages, they invariably di\dde the

joint cavity into two distinct compartments—an upper and a lower— such an
arrangement is very uncertain in the other joints, and they occasionally, especially

in the cases of the sixth and seventh cartilages, entirely obliterate the joint cavity.

These ligaments extend horizontally between the ends of the costal cartilages and
the side of tlie sternum.

The stratum s3moviale is found wherever a joint cavity is developed, and there-

fore there may be one or two synovial strata, according to the presence or absence

of a proper interarticular ligament. When the joint cavity is obliterated by the

fibrous structure which represents the interarticular ligament, a synovial stratum
is also absent.
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Artio=ulationes Steuni.

rrimiirily the steruuin consists of an elongated plate of hyaline cartilage, which
becomes subdivided into segments by the process ol' ossification.

The lour segments of which the body of the sternum is originally composed
unite with eacli other after tlu^ manner of typical synchondroses.

Similarly the xiphoid process and the body ultimately liecome united. It is

not usual to find the joint between the manultrium and the body obliterated by the

ossification of the two bony segments. Even in advanced life it remains open, and
the joint, which is named the synchondrosis stemalis, partakes of the nature of an
ampliiarthrosis (Fig. 301), although a joint cavity is not found under any circum-

stances in the plate of fibro-cartilage whicii intervenes between the manubrium
anil the body of tlie sternum.

The membrana stemi, to which reference has already been made, assists in

strengthening the union between the different segments of the sternum.

Movements of the Ribs and Sternum.—These movements may be considered either

independently of, or as associated with, resi)iration.

In the fornuT concUtion the ribs move in cxmnexion with flexion and extension of the
vertelu'al cohunn, Ijeing more or less depressed and approximated in tlie former, and elevated or

pulled apart in tlie latter case. Considered in connexion with respiration, it is necessary to

observe that, to all intents and purposes, the vertebral colunm and the sternum are rigid structures.

Next, we must remember that the heads of all the ribs occupy fixed positions, and similarly

the anterior ends of seven pairs of cartilages are fixed to the lateral margins of the sternum.
The ribs thus form arches, presenting a lai'ge amount of obliquity from behind forwards. Tliere-

fore, during inspiration, when the rib is elevated, the arch becomes more horizontal, and the
transverse diameter of the chest is increased. At the same time, the anterior ends of the sternal

ribs tend to thrust the sternum forwards and upwards ; but the nature of the attachment of the
first pair of ribs to the sternum, as well as the attachment of the diaphragm to the xiphoid
process, prevents this movement from becoming excessive, and hence the sternum becomes a line

of resistance to the forward thrust of the rib.s. As a consequence, the ribs rotate upon themselves
about an oblique axis which passes downwards, laterally, and i)osteriorly through the capitular
joint and the neck of the ril) anterior to the costo-transverse joint.

In this way increase, both of the antero-posterior and transverse diameters of the thorax, is

provided for, although the amount of increase is not equally pronounced in all planes. Thus at

the level of the first rib very little eversion is possible, because the axis of rotation is nearly
transverse, and therefore any increase in the transverse or antero-posterior thoracic diameters at

this level may be disregarded, although a certain amount of elevation of the manubrium sterni

and anterior end of the first rib is evident.

Below the level of the sixth rib elevation and rotation of the rib during inspiration are
usually said to be complicated by a certain amount of backward movement, due to the character

of the costo-transverse joint, until, in the case of the last two ribs, which are destitute of costo-

transverse joints, a movement backwards is almost entirely substituted for elevation. It is

probable, however, that the movements of the asternal ribs exactly correspond to those of the
sternal series, and that by the contraction of the costal digitations of the diaphragm the
anterior ends of the false ribs are provided with fixed positions comparable to those sujiiilied by
the sternum to the ribs of the sternal series.

We may therefore say that during inspiration the ribs move upwards and laterally between
their fixed ends, while as a whole the rib rotates, and its anterior end is thrust slightly forwai-ds.

During expiration these movements are simply reversed.

THE ARTICULATIONS OF THE SUPERIOR EXTREMITY.

The bony arch formed by the clavicle and scapula articulates directly with the

axial skeleton only at one point, viz., the sterno-clavicular joint.

ARTICULATIONS OF THE CLAVICLE.

Articulatio Sternoclavicularis.

The sterno-clavicular joint is an example of an arthrodial diarthrosis. The
articular surfaces concerned in its formation present the following appearances :

—

1. The sternal end of the clavicle is somewhat triangular in outline, having
its most prominent angle directed inferiorly and posteriorly. The anterior and
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posterior sides of the triangle are slightly roughened for the attachment of

ligaments, while the base or inferior side is smooth and rounded, owing to the

prolongation of the articular surface to the inferior aspect of the bone. In the

antero-posterior direction the articular surface tends to be concave, while vertically

it is slightly convex.

2. An articular facet, situated on the superior lateral angle of the manubrium
sterni, but in a plane slightly behind the supra-sternal notch, articulates with the

clavicle. This facet is considerably smaller than the clavicular facet with which it

articulates.

3. The superior surface of the first costal cartilage close to the sternum also

participates to a small extent in the articulation.

It should be noted that the articular surfaces of the clavicle and sternum are

covered mainly by fibro-cajtilage.

A capsula articularis is well marked on all sides except inferiorly, where it is

very thin. The epiphyseal line of the clavicle is intra-capsnlar.

Lig". Sternoclaviculare Anterius. — The anterior stemo-clavicular ligament

(Fig. 301) forms part of the fibrous stratum of the articular capsule, and consists

of short fibres which extend obliquely inferiorly and medially from the anterior

aspect of the sternal end of the clavicle to the adjoining anterior surface of the

sternum and the anterior border of the first costal cartilage.

Lig. Sternoclaviculare Posterius. — The posterior stemo-clavicular ligament

also forms part of the fibrous stratum of the capsule, and consists of similarly

disposed, but not so strong as the anterior ligament, oblique fibres situated on the

posterior aspect of the articulation.

Discus Articularis.—A fibro-cartilaginous articular disc (Fig. 301) divides the

joint cavity into two compartments. It is nearly circular in shape, and adapts

itself to the articular surfaces between which it lies. It is thickest at the circum-

ference and thinnest at the centre, where it occasionally presents a perforation,

thereby permitting the two synovial cavities to inter-communicate. By its circum-

ference it is in contact with, and adherent to, the surrounding capsule, but its

superior margin is attached to the apex of the articular surface of the clavicle, while

by its inferior margin it is fixed to the sternal end of the first costal cartilage.

Two accessory ligaments are associated with this joint, viz., the intercla\dcular

and the costo-clavicular.

Lig. Interclaviculare.—The interclavicular ligament (Fig. 301) is a structure of

considerable strength, forming a broad band of fibrous tissue which is attached to the

superior rounded angle or apex of the sternal end of the clavicle as well as to the

adjacent margins of the articular surface. Its fibres pass across the interclavicular

notch to become attached to corresponding parts of the opposite clavicle, but in their

course they dip down into the supra-sternal notch, in which many of them are fixed

to the sternum. In this way their presence neither bridges nor obliterates the

notch between the two clavicles, and the ligament really becomes a superior sterno-

clavicular ligament for each joint.

Lig. Costoclaviculare.—The costo-clavicular ligament (Fig. 301) consists of

short, strong fibres which are attached inferiorly to the superior surface of the first

costal cartilage. They pass obhquely upwards, laterally and posteriorly, to a rough

impression situated on the inferior aspect of the sternal end of the clavicle, and are

distinct from the articular capsule. Occasionally a bursa is found in the interior

of this ligament.

As a rule there is a synovial stratum hning each of the two joint cavities

(Fig. 301), separated from each other by the articular disc. Sometimes, however,

the two membranes establish continuity through a perforation in the disc.

Aeticulatio Acromioclavicularis.

The acromio-clavicular joint is another instance of an arthrodial diarthrosis.

It is situated between the acromial end of the clavicle and the medial aspect of

the acromion. Each articular surface is an oval, flattened facet, covered with

flbro-cartilage.
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The ligaments vvliich surround this suiall joint form a complete articular

capsule, of which the superior and inferior parts are specially strong, and are there-

fore named the superior and inferior acromio-clavicular ligaments (Fi<^. 303). These
consist of short til)n's passing Ijotvveen the udjuceiiL rough margins of the two bones
in the ])ositioiis iiulii'ated by tlieir names.

An articular disc, which is nearly always incomplete, and may occasionally be
wanting, is usually found within the joint cavity, where it lies obliquely, with its

superior margin farther from the median plane than its inferior margin, and having
its borders attached to the surrounding capsule. Frequently the disc is wedge-
shaped, with its base directed upwards and its apex free.

A synovial stratum is found forming eitlier a single or a double sac, according to

the condition of tlic disc. Complete division of the joint cavity, however, is rare.

Ligamentum Ooracoclaviculare.—Accessory to this articulation there is the
strong coraco-clavicular ligament which binds the acromial end of the clavicle to

the coracoid process of the scapula. It is readily divisible into two parts, viz., lig.

conoideum and tlie lig. trapezoideuni.

The conoid ligament (Fig. 303) is situated medial to and slightly posterior to the
trapezoid. It is narrow and pointed at its inferior end, by which it is attached
to the superior aspect of the coracoid process, in close proximity to the scapular
notch. Its superior end widens out in the manner expressed by its name, and is

attached to the coracoid tuberosity of the clavicle.

The trapezoid ligament (Fig. 303) is attached inferiorly to the superior surface of

the posterior half of the coracoid process, lateral and anterior to the attachment of

the conoid Ligament. Superiorly it is attached to the ridge on the inferior surface

of the acromial end of the clavicle. Its lateral and medial borders are free. Its

anterior surface is principally directed upwards, and its posterior surface, to a
similar extent, looks downwards.

A mucous or synovial bursa usually occupies the re-entrant angle betw'een these

two ligaments.

Movements at the Clavicular Joints.—The movements of the medial end of the clavicle at
tlie sterno-clavicular joint are limited in their range, owing to the tension of the ligaments.
When the shoiUder is raised or depressed the acromial end of the clavicle moves upwards and
downwards, whilst its sternal end glides upon the surface of the articidar disc ; when, on the
other hand, the shoulder is carried forwards or backwards, the sternal end of the clavicle along
with the articular disc moves upon the sternal facet. In addition to these movements of elevation,
depression, forward movement and backward movement of the clavicle, there is also allowed
at the sterno-clavicular joint a certain amount of circumduction of the clavicle.

The part which is played by certain of the ligaments in restraining movement requires
careful consideration. The costo-clavicular ligament checks excessive elevation of the clavicle,

and restrains within certain limits both backward and forward movement of the clavicle. When
the clavicle is depressed, as in cases where a heavy weight, such as a bucket of water, is carried in

the hand, it rei'eives support by resting upon the first rib, and the tendency for the medial end
of the bone to start uj) out of ita sternal socket is obviated by the tension of the articular
disc, the interclavicular ligament, and the anterior and posterior sterno-clavicular ligaments.

The articular disc not only acts as a cushion which lessens the shock of blows received
upon the shoulder, but it also acts as a most important bond of union, and prevents the medial
end of the clavicle from being driven upwards upon the top of the sternum when force is applied

.

to its lateral end.

The movements at the acromio-clavicular joint are of such a kind as to allow the inferior
angle, and to some extent the vertebral border of the scapula, to remain more or les^s closely

applied to the chest-wall during the various movements of the shoulder. The strong connexion
between the coracoid process and the acromial end of the clavicle, by means of the conoid and
trapezoid ligaments, renders it necessary that the scapula should follow the clavicle in its various
excursions. The presence of the acromio-clavicular joint, however, enables the scapula to change
its position somewhat with reference to the clavicle as the shoulder is moved. Thus, when the
shoulder is raised and depressed, a marked difference takes place in the angle between the two
bones ; again, when the shoulder is thrown forwai-ds or backwards, these movements can be
performed without altering in a material degree the direction of the glenoid cavity of the scapula,
or in other words, the socket of the shoulder-joint.

The conoid and trapezoid ligaments set a limit upon the movements of the scapula at the
acromio-clavicular joint. They both, but more particularly the trapezoid ligament, prevent the
acromion from being carried medially below the lateral end of the clavicle when blows fall upon
the lateral aspect of the shoulder.
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Ligaments of the Scapula.

These ligaments are not directly connected with any articulation.

lAg. Ooracoacromiale.—The coraco-acromial ligament (Fig. 302) completes the

arch between the coracoid process and the acromion, and thus provides a secondary

socket for the greater protection and security of the shoulder-joint. It is a flat

triangular structure stretched tightly between its attachments. By its base it is

fixed to a varying amount of the postero-lateral border of the coracoid process,

and by its narrower apical end to the tip of the acromion, immediately lateral to the

acromio-clavicular joint. Its surfaces look upwards and downwards, and its free

borders laterally and medially. It is thinnest in the centre, where it is sometimes

perforated by a prolongation of the tendon of the pectoralis minor muscle.

Lig. Transversum Scapulae Superius.—The superior transverse scapular ligament

(O.T. suprascapular ligament) is a distinct but short flat band which bridges the

scapular notch. It may be continuous with the conoid ligament, and it is frequently

ossified. As a rule the foramen completed by this ligament transmits the supra-

scapular nerve, while the transverse scapular vessels pass superior to the ligament

to reach the supraspinous fossa.

A small duplicate of this ligament may often be found bridging the foramen on

its costal aspect, subjacent to which smaU branches of the transverse scapular artery

return from the supraspinous to the subscapular fossa.

Lig. Transversum Scapulae Inferius.—The inferior transverse scapular ligament

(O.T. spino-glenoid ligament) consists of another set of bridging fibres which are

situated on the posterior aspect of the neck of the scapula. By one end they are

attached to the lateral border of the scapular spine, and by the other to the adjacent

part of the posterior aspect of the head of the scapula. The suprascapular nerve

and the transverse scapular vessels pass subjacent to this ligament.

ARTICULATIO HUMERI.

The shoulder-joint is one of the largest as well as the most important of the

joints of the upper limb. It is an example of the enarthrodial, i.e. ball-and-socket,

variety of a diarihrosis, and, at the cost of a certain amount of security, it has

obtained an extended range of movement.
The bones which enter into its formation are the glenoid cavity of the scapula

and the head of the humerus.

The glenoid cavity is a shallow piriform articular surface, having its narrow end

directed upwards and slightly forwards. The superior half of the anterior margin

of the fossa is characterised by a shallow notch which accommodates the narrow

part of the subscapularis muscle as it runs laterally to its insertion. At the apex of

the cavity there is a flat area for the attachment of the long tendon of the biceps

brachii muscle. The head of the humerus is hemispherical and articular, while,

lateral to its articular margin, there is a slight constriction (the anatomical or

true neck of the humerus), which is most strongly marked in relation to the

.greater and lesser tubercles of the humerus.

Under ordinary conditions the two articular surfaces are maintained in

apposition by muscular action, aided by atmospheric pressure, and thus, when the

muscles are removed, the bones fall asunder to the full extent of the restraining

ligaments. Only a small part of the head of the humerus is in contact with the

glenoid cavity at any particular moment, because the humeral head is much larger

than the cavity, but, by reason of the shallow character of the cavity, all parts of

the two articular surfaces may successively be brought into contact with each other.

In the position of rest, as the limb hangs parallel to the vertical axis of the

trunk, the inferior aspect of the neck of the humerus is brought into close relation

with the inferior part of the glenoid cavity.

Labrum Glenoidale.—The labrum glenoidale (O.T. glenoid ligament) (Fig. 303)

deepens the glenoid cavity, and thus extends the articular surface. It is situated

within the fibrous stratum of the articular capsule, and to some slight extent

increases the security of the articulation. It consists of a strong ring of dense fibrous
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tissue attached to the margin of: the glenoid cavity. Many of its fibres are

short, and pass obliquely from the inner to the outer aspect of the ridge, so

that its attached base is broader than its free edge, and therefore in cross

section it appears somewhat triangular. The long tendon of tl)e biceps, which

arises from the apex of the glenoid cavity, becomes to a considerable extent in-

corporated with the labrum glenoidale.

Capsula Articularis.—The fibrous stratum (O.T. capsular ligament) (Fig. 302)

of the articular capsule presents the general shape wliicii is characteristic of tlie

corresponding part in otiier ball-and-socket joints, viz., a hollow cylinder. By its

proximal end the fibrous stratum is attached to the circumference of the glenoid

cavity, external to the labrum glenoidale, and also, to a considerable extent, to the

labrum glenoidale itself.

By its distal ejid it is attached to the neck of the humerus, and therefore

beyond the articular area of the head. The fibrous stratum is strongest on its

superior aspect, while inferiorly, where the neck of the bone is least defined, it

Coraco-iicioinial litjaiiieiit

Coraro-limiieral

!i''aiii<.'iit

Subscapularis
imisr.le

Coininunication
between subscapular
bursa ami joint cavity

-Vitieulai- capsule

Fig. 302.

—

Capsule ok the Shoulder-Joint and Coraco-acuomiai. Ligament.

extends distally for a short distance upon the humeral shaft. Its fibres for the most

part run longitudinally, but a certain number of them pursue a circular direction.

The greater part of the epiphyseal line of the proximal end of the humerus is

extra-capsular, but it is intra-capsular on the medial side of the bone.

A prolongation of the fibrous stratum, the transverse himieral ligament presenting

both longitudinal and transverse fibres, bridges that part of the iutertubercular

groove which is situated between the tubercles of the humerus. At this point

an interruption in the fibrous stratum, beneath the transverse humeral ligament,

permits the long tendon of the biceps to escape from its interior. In addition to

the opening just referred to, there is another very constant deficiency in the

superior and anterior part of the fibrous stratum, where the narrowing tendon of

the subscapularis muscle is brought into contact with a bursa formed by a protrusion

of the synovial stratum. This defect in the fibrous stratum has its long axis in

the direction of the longitudinal fibres. Occasionally there is a sinular but smaller

opening under cover of the tendon of the infraspinatus muscle. Through the two
latter openings the joint cavity communicates with bursse situated between the

capsule and the muscles referred to.

The tendons of the subscapularis, supraspinatus, and infraspinatus muscles fuse

with, and so strengthen, the articular capsule as they approach their respective

insertions.

On the superior aspect of the articulation the capsule is augmented by an
21
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accessory structure, the ligamentum coracohumerale (Fig. 302). By its proximal

end, which is situated immediately above the glenoid cavity, but subjacent to the

coraco-acromial ligament, it is attached to the lateral border of the root of the

coracoid process, while its distal end is attached to the humeral neck close to the

greater tubercle. This hgament forms a flattened band, having its posterior and

inferior border fused with the articular capsule, but its anterior and superior margin

presents a free edge, slightly raised above the level of the capsule. This structure

is believed to represent that portion of the pectorahs minor to which reference

has already been made in connexion with the coraco-acromial ligament (p. 320).

The coraco-glenoid ligament is another accessory structure, wliich is not always present. It

springs from the coracoid process along with the former ligament, and extends to the superior

and posterior margin of the head of the scapula.

Gleno-humeral Ligaments (Fig. 303).—If the articular capsule is opened from behind, and the

head of the humerus removed, it will be seen that the longitudinal fibres of the anterior part

of the fibrous stratum are specially developed in the form of thick flattened bands which extend

from the anterior border of the glenoid cavity to the anterior aspect of the neck of the humerus.

These gleno-humeral ligaments are three in number, and occupy the following positions : the

Coraco- "» Conoid
clavicular > Trapezoid
ligament J

Coraco-acromial ligament —

Coracoid process

Acromio-
cla\-icular

ligament

Superior gleno-

liumeral ligament

Bursal perforation in

articular capsule

Inferior gleno-
humeral ligament

Glenoid cavity

Capsule of
shoulder-joint

Labrum
glenoidale

Fig. .303.—Capsular Ligament of Shoulder-Joint cut across and Humerus removed.

superior is placed above the aperture in the front of the capsule ; the middle and inferior on the

antero-inferior aspect of the capsule, and below the aperture mentioned.

The superior gleno-humeral ligament, which some believe to represent the ligamentum teres

of the hip-joint, springs, along with the middle gleno-humeral band, from the superior part of

the cavity. The inferior ligament is the strongest of the three, and springs from the inferior

part of the anterior margin of the glenoid.

Intra-capsular Structures.— 1. The labrum glenoidale, already described. 2.

The long tendon of the biceps passes laterally from its attachment to the apex of

the glenoid cavity and the adjoining part of the labrum glenoidale, above the head

and neck of the humerus, to escape from the interior of the capsule by the opening

between the tubercles of the humerus, subjacent to the transverse humeral ligament.

A synovial stratum (Fig. 304) lines the fibrous stratum of the capsule, and ex-

tends from the margin of the glenoid cavity to the humeral attachments of the fibrous

stratum, where it is reflected towards the margin of the articular cartilage. It is

therefore important to note that the inferior aspect of the humeral neck has the

most extensive clothing of the synovial stratum. Further, the synovial stratum

envelops the intra-capsular part of the tendon of the biceps, and although this

tubular sheath is prolonged upon the tendon into the proximal part of the
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intertill »ercular sulcus, yet the closQci character of the synovial cavity is maintained.

Thus, while the tendon is within the capsule, it is not within the synovial cavity.

The synovial stratum is continuous with those bursie which communicate with the

joint cavity through openings in tlio fibrous stratum of the capsule.

Bursae (a) Communicating unth the Joint Cavity.—Practically there i.« only one bursa which
is constant in its position, vi/.,

tJie subscapular, Wlween tlie

cap-sule and the teudou of the

subscapiilaris muscle. It

varies considerably in its

dimensions, but its lining mem-
brane is always continuous with
the synovial stratum of the

capsule (Figs. 301 and 302), and
therefore it may be "regarded

merely as a prolongation of

the articular synovial stratum.

Occasionally a similar but
smaller bursa occui-s between
the capsule and the tendon of

the infraspinatus muscle.

(b) Not cotnm unicating with

the Joint Cavity.—The sub-

deltoid or sub-acromial bursa

is situated between the muscles
on the superior aspect of the

shoulder-joint on the one hand
and the deltoid muscle on the

other. 1 1 is an extensive bursa,

and is prolonged subjacent to

the acromion and the coraco-

acromial ligament It does

not communicate with the

shoulder -joint, but it greatly facilitates the movements of the proximal end of the humerus
against the inferior surface of the coraco-acromial arch.

Movements at the Shoulder-Joint.—A ball-and-socket joint permits of a great variety of

movements, practically in all directions ; but if these movements are analysed, it will be seen that

they resolve themselves into movements around three primary axes at right angles to each other,

or around axes which are the possible combinations of the primary ones.

Til us, around a transverse axis, the limb may move forwards (flexion) or backwards (extension).

Arounil an antero-posterior axis it may move laterally, i.e. away from the median plane of the

trunk (abduction), or medially, i.e. towards, and to some extent up to, the median plane
(adduction).

Around a vertical axis, the humerus may rotate upon its axis in a medial or lateral direction

to the extent of a quarter of a circle.

Since these axes all pass through the shoulder-joint, and since each may present varying
degrees of obliquity, it follows that very elaborate combinations are possible until tlie movement
of circumduction is evolved. In this movement the head of the humerus acts as the apex of a

cone of movement with the distal end of the humerus, describing the base of the cone.

The range of the shoulder-joint movements is still further increased owing to the mobility of

the scapula as a whole, and owing to its association with the movements of the clavicle already

described.

ARTICULATIO CUBITI.

The elbow-joint ^ provides an instance of a diarthrosis capable of performing the

movements of flexion and extension around a single axis placed transversely, i.e. a

typical ginglymus diarthrosis or hinge-joint.

The bones which enter into its formation are the humerus, ulna, and radius.

The trochlea of the humerus articulates with the semilunar notch of the ulna

(articulatio himieroulnaris) ; the capitulum of the humerus articulates with the

shallow depression or cup on the proximal aspect of the head of the radius (articu-

latio hmneroradialis). The articular cartilage clothing the trochlea of the humerus
terminates in a sinuous or concave margin both anteriorly and posteriorly, so that it

does not line either the coronoid or the olecranon fossa. Medially, it merely rounds

off the medial margin of the trochlea, but laterally it is continuous with the encrust-

^ The articulatio cubiti or elbow-joint incliuk-s the humero-radial, huniero-ulnar, and the proximal radio-ulnar

joints ; but, for convenience, the description given here is limited to the humero-radial and huniero-ulnar joints.
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liar collateral

ligament

ing cartilage covering the capitulum, to the margin of which the cartilage extends in

all directions, and thus it presents a convex edge in relation to the radial fossa.

The cartilage which lines the semilunar notch of the ulna presents a transverse in-

terruption, considerably wider on its medial as compared with its lateral aspect.

Thereby the coronoid and olecranon segments of the notch are separated from each
other. The cartilage which clothes the coronoid segment is continuous with that

which clothes the radial notch of the ulna. The shallow cup-shaped depression on
the head of the radius is covered with cartilage which rounds off the margin, and
is prolonged without interruption upon the vertical aspect of the head, extending
to its most distal level on that part opposed to the radial notch of the ulna.

CapsulaArticularis.

—

Taken as a whole, the liga-

ments form a complete
fibrous stratum of the

articular capsule, which is

not defective at any point,

although it is not of equal

thickness throughout, and
certain bands of fibres

stand out distinctlybecause

of their greater strength.

The common epiphyseal

line for the trochlea, capit-

ulum, and the lateral epi-

condyle of the humerus, is

partly intra -capsular and
partly extra-capsular ; that

for the medial epicondyle

is extra-capsular. The
epiphyseal line of the ole-

cranon is intra -capsular

only anteriorly, and it may
be altogether extra-cap-

sular.

Lig. Anterius.— The
anterior ligament (Fig. 305)
consists of a layer whose
fibres run in several direc-

tions— obliquely, trans-

versely, and longitudinally

—and of these the vertical

fibres are of most import-

ance. It is attached proxi-

mally to the proximal
margins of the coronoid and radial fossse ; distally, to the margins of the coronoid

process and to the annular ligament of the proximal radio-ulnar joint, but some
loosely arranged fibres reach as far as the neck of the radius. The marginal portions

of this ligament, which are situated in front of the capitulum and the medial margin
of the trochlea respectively, are much thinner and weaker than the central part.

Fibres of origin of the brachialis muscle are attached to the front of this ligament.

Lig. Posterius.—The posterior ligament is an extremely thin, almost redundant
layer. Proximally it is attached, in relation to the margin of the olecranon fossa,

at a varying distance from the trochlear articular surface, and distally to the

summit and sides of the lip of the olecranon. Laterally some of its fibres pass from
the posterior aspect of the capitulum to the posterior border of the radial notch

of the ulna. This ligament derives material sujjport from, and participates in the

movements of, the triceps brachii muscle, since they are closely adherent to each

other in the region of the olecranon.

Lig. CoUaterale Ulnare.—The ulnar collateral ligament (O.T. internal lateral)

insertion of
biceps mii&ole

Oblique chord

liadius

Fig. 305.

—

Antekiok View of Elbow-Joint.
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(Figs. 305 and 306j is a fan-shapeci structure of unequal thickness, but its margins,

which are its strongest bands, are continuous with the adjoining parts of the

anterior and posterior ligaments. By its proximal end it is attached to the

anterior, distal, and posterior aspects of the medial epicondyle of the humerus. By
its broad distal end it is attacheil to the medial margin of the semilunar notch, so

that thf anterior band is associated principally with the medial margin of the

coronoid process, and the posterior hand with the medial margin of the olecranon,

while the intermediate weaker portion sends its fibres downwards to join a trans-

verse hand, sometimes very strong, which bridges the notch between the adjoining

medial margins of tho coronoid process and the olecranon.

Lig. Collaterale Radiale. — The radial collateral ligament ((J.T. external

lateral) (Fig. 305) is a strong flattened band attached proximally to the distal and

HuniiTUs

Interosseous meiiibraim Radius Coronoid process

Obliiine chord Tendon of biceps

\ I Mwlial epicondyle

Anterior part of ulnar
•y collateral ligament

Posterior jiart of ulnar
collateral ligament

Olecranon

Ulna Transverse jiart of ulnar collateral ligament

Fig. 306.

—

Elbow-Joint (Medial Aspect).

posterior aspects of the lateral epicondyle of the humerus. It completes the con-
tinuity of the articular capsule on the lateral side, and blends distally with the
lig. annulare radii, on the surface of which its fibres may be traced both to the
anterior and posterior ends of the radial notch of the ulna. Both of tlie collateral

ligaments are intimately associated with the muscles which take origin from the
medial and lateral epicondyles of the humerus.

Synovial Pads of Fat (Fig. 307).—Internal to the hbrous stratum of the
articular capsule, there are several pads of fat situated between it and the synovial
stratum. Small pads are so placed as to lie immediately in front of the coronoid
and radial fossie, but a larger one projects towards the olecranon fossa.

A stratum synoviale (Fig. 307) lines the entire fibrous stratum and clothes
the pad.'^ of tat referred to above, as well as those portions of l^one enclosed within
the capsule which are not covered by articular cartilage. By its disposition the
elbow and the proximal radio-ulnar joints pos.sess a common joint cavity. It

should be specially noted that the proximal part of the neck of the radius is

surrounded by this synovial layer.

Movements at the Elbow-Joint.—Thi" inoveiiK-nts of tin- lailius and ulna njion the huniei-us
have already been referred to as those characterii^ing a uniaxial joint constructed on the plan of
a hinge. In this case the axis of the joint is obliquely transverse, so that in the extended
position the humerus and ulna form an obtuse angle open towards the radius, whereas in the
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flexed position the hand is carried medially in the direction of the mouth. Extreme flexion

is checked by the soft parts in front of the arm and of the forearm coming into contact,

and extreme 'extension by the restraining eft'ect of the ligaments and muscles. In each case

the movement is checked before either the coronoid process or the olecranon come into contact

with the humerus.
The anterior and pos-

terior bands of the

ulnar collateral liga-

ment are important
factors in these re-

sults. Lateral move-
ment of the ulna is

not a characteristic

movement, although
it may occur to a

slight extent, owing
to a want of complete
adaj)tation between
the trochlear surface

of the humerus and
the semilunar notch

of the iilna. This
incongruence is note-

worthy since the
medial lip of the

trochlea is prominent
in front, and the

lateral lip is promi-
nent behind. Conse-
quently, this latter

part is associated with
a surface on the
lateral side of the

olecranon which is

only utilised in com-
plete extension.

Thecapitulum and
the opposing surface

ujjon the head of the radius are always in varying degrees of contact. The head of the radius

participates in the movements of flexion and extension, and is most closely and completely in

contact with the humerus during the position of semi-flexion and semi-pronation. In complete

extension a very considerable part of the capitulum is uncovered by the radius.

Olecranon pad of fat

Trochlea Olecianon

Fig. 307. -Vertical Section through the Humero-ulnar Part of the
Elbow-Joint.

The radio-ulnar joints.

These articulations, which are two in number, are situated at the proximal and

distal ends of the radius and ulna. They provide an adaptation whereby the radius

rotates around a longitudinal axis in the movements of pronation and supination,

and hence this form of uniaxial diarthrosis is termed lateral ginglymus.

Articulatio Radioulnaris Proximalis.—The proximal radio-ulnar joint forms

a part of the articulatio cubiti or elbow-joint. The articular surfaces which enter

into its formation are the radial notch of the ulna and the lateral aspect of the

head of the radius. In each case the articular cartilage is continuous with an

articular surface entering into the formation of the humero-radial and humero-

ulnar joints, consequently the joint cavity is continuous with the cavities of those

joints,' and therefore, in a sense, it lies within the cover of the articular capsule

of the elbow-joint ; but its special feature is the annular ligament of the radius.

Lig. Annulare Radii.—The annular ligament of the radius (O.T. orbicular

ligament) (Figs. 305 and 308) has been mentioned above as the distal line of

attachment of the radial collateral ligament and the ligaments on the front and

back of the elbow-joint.

It is a strong, well-defined structure, attached by its extremities to the volar

and dorsal margins of the radial notch of the ulna, and thus it forms nearly

four-fifths of an osseo-tendinous circle or ring. The circle is somewhat wider at

the proximal than at the distal margin of the annular ligament of the radius,

which, by encircling the proximal part of the neck of the radius, tends to prevent
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displacement of the head of that, bone in a distal direction. The distal margin
of this ligament is not directly attached to the radius.

The synovial stratum is continuous with that which lines the elbow-joint. It

closes the joint cavity at the distal unattached margin of the annular ligament, where
it is somewhat loosely arranged in its reliexion from the ligament to the neck of

the radius. 1'iie c]ii])hysoaI line at tlie pro.ximal end of the radius is intra-capsular.

Articulatio Radioulnaris Distalis. — Tlie distal radio ulnar joint is situ-

ated betwecMi the lateral aspect of the head of the ulna and the ulnar notch
on the medial side of tiie distal

end of the radius. In addition, it

includes the distal surface of the

head of the ulna, which articulates

with the pro.ximal surface of a tri-

angular articular disc l)y means
of which the joint is excluded from
the radio-carpal articulation.

Discus Articularis.—The tri-

angular articular disc (Figs. 309 and
311), besides presenting articular

surfaces to two separate joints, is

an important ligament concerned in

binding together the distal ends of

the radius and ulna. It is attached

by its apex to the depression at the

lateral side of the root of the

styloid process of the ulna, and by its base to the sharp line of demarcation between
the ulnar notch and the carpal articular surface of the radius.

Capsula Articularis.—The fibrous stratum is very imperfect, and consists of

scattered fibres, termed the anterior and posterior radio-ulnar ligaments (Fig. 310).

These ligaments pass transversely between adjoining non-articular surfaces on the

radius and ulna, and are of sufficient length to permit of the movements of the

radius in pronation and supination.

The synovial stratum completes the closure of the joint cavity. It forms a

loose bulging projection (recessus sacciformis), passing proximally between the distal

ends of the shafts of the radius and ulna, and it also clothes the proximal surface of

the articular disc (Fig. 311). The cavity of this joint is quite distinct from that of

the radio-carpal articulation, except when the articular disc presents a perforation.

Between the proximal and distal radio-ulnar articulations there are two
accessory ligaments, viz., the chorda obliqua and the interosseous membrane, which
connect together the shafts of the radius and ulna.

Chorda Obliqua.—The oblique chord (Fig. 306) is a slender fibrous band of

very varying strength which springs from the lateral part of the coronoid process

of the ulna, and stretches obliquely distally and laterally to the radius where it is

attached immediately distal to the tuberosity of the radius.

Membrana Interossea Antibrachii.—The interosseous membrane of the fore-

arm(Fig. 306)is a strong

Annular lii^'anient of tho raflius Coronoifl process

Fig. 308.

—

Annular Ligament of the Radius.
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fibrousmembrane which
stretches across the

interval between the

radius and ulna, and
is firmly attached to

the interosseous crest

of each. Distally it

extends to the distal

limit of the space be-

tween the bones, whilst

proximally it only reaches a point about one inch distal to the tuberosity of the

radius. A gap, called the hiatus interosseus, is thus left between its proximal margin
and the chorda obliqua, and through this the dorsal interosseous vessels pass back-

Apex of articular disc

Articular disc

Surface for lunate bone

Fig. 309.

—

Carpal Articular Surface of the Radius,
AND Articular Disc of the Wri.st.
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wards bet\Yeen the bones to reach the dorsal aspect of the forearm. The fibres

which compose the interosseous membrane run for the most part distally and
medially from the radius to the ulna, although on its dorsal aspect several bands
may be observed stretching in an opposite direction. The interosseous membrane
augments the surface available for the origin of the muscles of the forearm ; it

braces the radius and ulna together ; and when shocks are communicated from
the hand to the radius, owing to the direction of its fibres, the interosseous

membrane transmits them, to a large extent, to the ulna.

Movements of the Radius on tlie Ulna.—The axis around wliicli the radius moves is a
longitudinal one, having one end passing through the centre of the head of the radius and
the other through the styloid process of the ulna and the line of the ring-finger. In this axis

the head of the radius is so secured that it can only rotate ujaon the radial notch of the

ulna within the annular ligament of the radius, and consequently the radial head remains upon
the same j^lane as the ulna ; but the distal end of the radius being merely restrained by
the articular disc, is able to describe nearly a half-circle, of which the apex of this ligament is

the centre. In this movement the radius carries the hand from a position in which the palm is

directed forwards, and in which the radius and ulna lie parallel to each other (supination), to

one in which the palm is directed backwards, and the radius lies diagonally across the front of

the ulna (pronation).
The ulna is unable to rotate upon a long axis, but while the radius is travelling through the

arc of a circle from lateral to medial side in front of the ulna, it will usually be seen that the
ulna appears to move through the arc of a smaller circle in the reverse direction, viz., from
medial to lateral side. If the humerus is prevented from moving at the shoulder-joint, a very
large proportion, if not the entire amount, of this apparent movement of the ulna will disappear.

At the same time some observers maintain that it really occurs at the elbow-joint, associated with
lateral movement during slight degrees of flexion and extension at that joint.

ARTICULATIO RADIOCARPEA.

The radio-carpal joint is a bi-axial diarthrosis, frequently called a condyloid

joint.

The articular elements which enter into its formation are : on its proximal side,

the carpal surface of the distal end of the radius, together with the distal surface

of the discus articularis ; on its distal side, the proximal articular surfaces of the

navicular, lunate, and triquetral bones, and the interosseous ligaments between
them. The articular surface of the radius is concave both in its antero-posterior

and transverse diameters, in order to adapt itself to the opposing surfaces of the

navicular and lunate, which are convex in the two axes named. In the ordinary

straight position of the hand the articular disc is in contact with the lunate bone,

and the proximal articular surface of the triquetral bone is in contact with the

capsule of the joint. When, however, the hand is bent towards the ulna the

triquetral bone is carried laterally as well as the lunate and navicular and the

articular disc comes into contact with the triquetral. The articular surface of the

radius is subdivided by an antero-posterior, slightly elevated ridge, into a lateral

triangular facet which usually articulates with the navicular, and a medial

quadrilateral facet for articulation with a portion of the lunate bone.

In the intervals between the navicular, lunate, and triquetral bones, the con-

tinuity of the distal articular surface is maintained by the presence of interosseous

ligaments which are situated upon the same level as the articular cartilage.

Capsula Articularis.—An articular capsule completely surrounds the joint. It

is somewliat loosely arranged, and its fibrous stratum permits of subdivision into

the following four portions :

—

Lig. Radiocarpeum Laterale.—^The lateral radio-carpal ligament (0. T. external

lateral j TFig. .310) is a well-defined band which is attached by one end to the tip

of the styloid process of the radius, and by the other to a rough area at the base

of the tuberosity of the navicular bone, i.e. lateral to its radial articular surface.

Lig". Ulnocarpeum Mediale.—The medial ulno-carpal ligament (O.T. internal

lateral; (Fig. :jlO; is also a distinct rounded structure, having one end attached to

the tip of the styloid process of the ulna, and the other to the rough non-articular

border of the triquetral bone, some of its fibres being prolonged to the pisiform bone.

Lig". Radiocarpeum Volare.—The volar radio-carpal ligament (O.T. anterior

ligament) (Fig. .310) is attached proximally to the volar margin of the distal end
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of the radius, as well as slightly tp the base of the styloid i^roce.ss of the ulua.

Some transverse
fil)res may be seeu,

but the greater num-
ber pass obliquely dis-

tally and medially to

the volar mtn-artic-

ular surfaces of the

navicular, lunate, and
triquetral bones, while

some of them may
even be continued as

far as the capitate

Ijone. Those fibres

from the ulna run
obliquely laterally.

On its deeper aspect

this ligament is closely

adherent to the volar

1 )order of the articular

disc of the distal radio-

ulnar articulation.

Lig". Radiocar-
peum Dorsale.—The
dorsal radio-carpal

ligament (O.T. poster-

ior ligament) extends

from tl le dorsal margin
of the distal end of the radius, in an oblique direction distally and medially, to the

dorsal non-articular areas on the proximal row of the carpal bones. The slip to the

latteT assists in forming the fibrous sheath tlirough which the tendon of the ex-

tensor carpi ulnaris muscle travels to its insertion. The principal bundle of fibres

is connected with the triquetral bone.

The stratum synoviale (Fig. 311) is simple, and is confined to the articulation,

except in tho.se cases in which the articular disc is perforated, or in which

one of the interosseous ligaments between the carpal bones of the first row is absent.

The epiphyseal lines at the distal ends of radius and ulna are cxtra-capsular.

Movements at the Radio-carpal Joint—The radio-carpal joint affords an excellent example

of a l)i-axial articulation, in which a long transverse axis of movement is situated more or less at

right angles to a short axis placed in the antero-posterior direction. The nature of the move-

ments whi<!i are possible around these two axes is essentiaUy the same in both cases, viz., flexion

and extension. The movements around the longer transvei-se axis are anterior or volar tiexion,

extension, and its continuation into dorsi-flexion. Around the shorter antero-posterior axis we get

movements wliicli result from combined action by certain flexor and extensor muscles, whereby

the radial or uhiar bordei-s of the hand may be approximated towards the corresponding borders

of the forearm. Lateral movement also may be possible to a slight extent. The range of move-

ment in connexion with either of the principal axes is largely a matter of individual peculiarity,

for, with the exception of tlie lateral ligaments, there is no serious obstacle to the cultivation of

greater mobility at the radio-carpal joint.

ARTICULATIONES INTERCARPE.E.

Carpal Joints.—Tlie articulations subsisting betw^een the individual carpal

bones are all diarthroses, and although the total amount of movement through-

out the series is considerable, yet the extent of movement which is possible

between the two rows or between any two carpal bones is extremely limited.

For this reason, as well as because of the nature of the movement, these articula-

tions are called gliding joints (arthrodia).

It is advisable to consider, /rs^, the articulations between individual bones of

the proximal row; second, the articulations between the separate bones of the

distal row ; third, the articulation of the proximal and distal rows with each other

;

fourth, the pisiform articulation.
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The proximal row of carpal articulations (Fig. 311) comprises the joints

between the navicular, lunate, and triquetral bones. On their adjacent aspects

these bones are partly articular and partly non -articular.

Three sets of simple but strong, although short, ligamentous bands bind these

three carpal bones together, and form an investment for three sides of their inter-

carpal joints. These are—(1) the ligamenta intercarpea volaria (anterior or volar liga-

ments), two in number, which consist of transverse fibres passing between the

adjacent rough volar surfaces of the bones
; (2) the ligamenta intercarpea dorsalia

(posterior or dorsal ligaments), also two in number, and composed of similar short

transverse fibres passing between the adjacent dorsal surfaces
; (3) the ligamenta

intercarpea interossea (interosseous ligaments) (Fig. 310), again two in number, and

transverse in direction, situated on a level with the proximal articular surfaces,

and extending from the volar to the dorsal aspect of the bones while attached to

non-articular areas of the opposing surfaces. The radio-carpal joint is entirely

shut off from the intercarpal joints, and also from the joint between the two rows

of carpal bones, except in rare cases, when an interosseous ligament is wanting.

The distal row of carpal articulations (Fig. 311) includes the joints between

the greater multangular, lesser multangular, capitate, and hamate bones. Articular

facets occur on the opposing faces of the individual bones.

Associated with this row there are again simple bands of considerable strength,

and presenting an arrangement similar to that seen in the proximal row. As in

the former case, they invest the intercarpal articulations, except on the proximal

aspect, where they communicate with the transverse carpal joint, and on the distal

aspect, wdiere they communicate with the carpo-metacarpal joint ca^dty.

The ligamenta intercarpea volaria (anterior or volar ligaments) are three in number.

They extend in a transverse direction between contiguous portions of the rough

volar surfaces of the bones. The ligamenta intercarpea dorsalia (posterior or dorsal

ligaments), also three in number, are similarly disposed on the dorsal aspect. The

ligamenta intercarpea interossea (interosseous ligaments) (Fig. 311) are two or three in

number. That which joins the capitate to the os hamatum is the strongest ; that

between the lesser multangular and the capitate bone is situated towards the dorsal

parts of their opposing surfaces ; the third, situated between contiguous non-articular

surfaces of the greater and lesser multangular bones, is always the feeblest, and is

frequently absent.

The transverse carpal articulation (Fig. 311) is situated between the proximal

and distal rows of the carpus. The bones of the proximal row present the following

characters on their distal aspect. The lateral part of the articular surface is

strongly convex, both in the antero-posterior and in the transverse directions, but

the medial part of the same surface is concavo-convex, more especially in the trans-

verse direction.

Proximally, the articular surfaces of the distal row of carpal bones present an

irregular outline. That part pertaining to the greater and lesser multangular bones

is concave in the antero-posterior and transverse directions, and lies at a considerably

more distal level than the portion belonging to the capitate and os hamatum, which

is, moreover, markedly convex in the antero-posterior and transverse directions,

with the exception of the most medial part of the os hamatum, where it is concavo-

convex in both of these directions.

This articulation is invested by a complete short articular capsule (Fig. 310)

which binds the two rows of the carpus together, and sends prolongations to

the investing capsules of the proximal and distal articulations. The ligament, as a

whole, is very strong, and individual bands are not readily defined, although certain

special bands may be described. The lig. carpi radiatum (radiate carpal ligament

(volar ligament)) radiates from the capitate bone to the navicular, triquetral, and

pisiform bones. The interval between the capitate and lunate is occupied by

oblique fibres, some of which pass from navicular to triquetral, while these are

joined by others, prolonged oljliquely distally and medially, from the radial end of

the anterior radio-carpal ligament. By these different bands the volar aspect

of the joint is comyjletely closed.

The ligamenta intercarpea dorsalia ('dorsal ligaments) are more feeble than the
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volar. They form a thiu, loosely arranged stratum, iu which the only notewortiiy

bands are one which joins the navicular to the capitate, and another which joins

the triquetral to the os h.imatuni.

Lig. Collaterale Carpi Radiale.^The radial collateral carpal ligament (O.T.

external lateral) (Fig. 310) extt^nds between contiguous rough areas on the lateral

aspects of the navicular and greater multangular bone. By its margins it is con-

tinuous both with the volar and dorsal ligaments.

Lig. Collaterale Carpi Ulnare.—The ulnar collateral carpal ligament (O.T,

internal lateral) (Fig. 310) is arranged like the I'ormer in regard to its margins, and
by its ends it is attached to the contiguous rough ulnar surfaces of the triquetral

and the os hamatum.
Both of these collateral Ugaments are directly continuous with the correspond-

ing collateral ligauients of tiie radio-carpal joint.

A lig. interosseum (interosseous ligament) (Fig. 311) is occasionally found within

the capsule, extending across the joint cavity between the capitate and the

navicular.

Articulatio Ossis Pisiformis.—Tlie pisi-triquetral articulation is an arthrodial

diarthrosis. The mutual articular surfaces of the two bones are flattened and
circular, and permit of only a small amount of gliding movement.

The joint is provided with a thin but complete articular capsule, tlie fibrous

stratum of which is specially strengthened distally by two strong bands, viz., lig. piso-

hamatum and lig. pisometacarpeum (Fig. 310). Both of these bands extend

from the distal and medial aspect of the pisiform to adjoining parts of the hook
of the OS hamatum and base of the fifth metacarpal bone respectively. To a great

extent these ligamentous bands may be regarded as extensions of the insertion

of the tendon of the flexor carpi ulnaris muscle, which is attached to the

proximal part of the pisiform bone. Looked at as ligaments, however, they
are specially strong to prevent the displacement of the pisiform bone during con-

traction of the muscle inserted into it.

The synovial strata (synovial membranes) (Fig. 311) of the carpal joints are two
in number. Of these, one

is restricted to the pisi-tri-

quetral articulation, and is

correspondingly simple, al-

though occasionally the joint

cavity may communicate
with that of the radio-carpal

joint.

The other synovial stra-

tum is associated with the

transverse carpal joint which
extends transversely be-

tween the tw^o rows of carpal

bones, with prolongations

into the intervals between
the adjoining bones of each

row, i.e. the intercarpal

articulations. It is, there-

fore, an elaborate cavity,

which may be still further

extended, by the absence of

interosseous ligaments, so as

to reach the radio-carpal and
carpo- metacarpal series of

joints. The first condition is rare, but the second is not uncommon, and may
result from the absence of the interosseous ligament between the greater and lesser

multangular bones, or of that between the lesser multangular and the capitate

bone, but it may occur when all the interosseous ligaments are present.

Os navi-
culare

Os mult-
angiilum

minus

Fig. 311.

—

Frontal Section through the radio-cirpal, carpal, carpo-

metacarpal, and intermetacarpal joints, to show joint cavities and
iuteros.seous ligaments (diagrammatic).
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ARTICULATIONES INTERMETACARPE^.

Intermetacarpal Joints.—The four medial metacarpal bones articulate with

each other at their proximal ends or bases, between the opposing surfaces of which
joint cavities are found—arthrodial diarthroses. These cavities are continuous

with the carpo-metacarpal joint (not yet described), and hence the ligamentous

arrangements only enclose three aspects of each joint.

Three strong transverse ligaments (Figs. 310 and 311) bind adjacent volar,

dorsal, and interosseous areas of the bases of the metacarpal bones, and hence they

are called ligamenta basium (oss. metacarp.) volaria, dorsalia et interossea. A
synovial stratum is associated with each of these joints, but it may be regarded as

a prolongation from the carpo-metacarpal articulation.

ARTICULATIONES CARPOMETACARPE^.

Carpo-metacarpal Joints.—The articulation of the metacarpal bone of the

thumb with the greater multangular differs in so many respects from the articula-

tion between the other metacarpal bones and the carpus, that it must be considered

separately.

(A) The articulatio carpometacarpea pollicis (Figs. 310 and 311) is the joint

between the disto-lateral surface of the greater multangular and the proximal

surface of the base of the first metacarpal bone. Both of these surfaces are saddle-

shaped, and they articulate by mutual co-aptation.

The joint cavity is surrounded by an articular capsule, in the fibrous stratum of

which we may recognise volar, dorsal, lateral, and medial bands, the last being

the strongest and most important.

A synovial stratum lines the fibrous stratum, and the joint cavity is isolated

and quite separate from the other carpal and carpo-metacarpal articulations.

At this joint movements occur around at least three axes. Thus, around a more or less trans-

verse axis, flexion and extension take place ; in an antero-posterior axis abduction and adduction

(movements which have reference to the middle line of the hand) are found ; while a certain

amount of rotation is possible in the longitudinal axis of the digit. The very characteristic

movement of opposition, in which the tip of the thumb may be applied to the tips of all the

fingers, results from a combination of flexion, adduction, and rotation, and by combining all the

movements possible at the various axes a considerable degree of circumduction may be produced.

(B) The articulationes carpometacarpese digitorum are the joints between
the bases of the four medial metacarpal bones and the four bones of the distal row
of the carpus. They are all arthrodial diarthroses, and the opposed articular surfaces

present alternate elevations and depressions which form a series of interlocking

joints. The joint cavities between the carpal bones of the distal row, and also the

more extensive intermetacarpal joint cavities, open into this articulation.

This series of joints is invested by a common articular capsule which is weakest

on its radial side, but is otherwise well defined. Its fibres arrange themselves in

small slips, which pass obliquely in different directions, and vary in number for

each metacarpal bone. Thus the ligamenta carpometacarpea volaria (volar carpo^

metacarpal ligaments (O.T. oblique palmar)) (Fig. 310) usually consist of one slip for

each metacarpal bone, but there may be two slips, and the third metacarpal bone

frequently has three, of which one lies obliquely in front of the tendon of the flexor

carpi radiahs muscle.

The ligamenta carpometacarpea dorsalia (dorsal carpo-metacarpal ligaments (O.T.

oblique dorsal)) are similar short bands, of greater strength and clearer definition,

by which the index metacarpal is bound to the greater and lesser multangular

bones : the middle metacarpal to the capitate, and frequently to the lesser mult-

angular ; the ring metacarpal to the capitate and os hamatum, and the metacarpal

of the .5th finger to the os hamatum.
Ligamenta interossea (interosseous ligaments), one or sometimes two in number,

occur within the capsule. They are usually situated in relation to one or both of

the contiguous margins of the bases of the third and fourth metacarpal bones, from
which they extend proximally to adjacent margins of the capitate and os hamatum.
Occasionally they are sufficiently developed to divide the joint cavity into radial

and ulnar sections.
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The synovial stratum (Fig. 311) is usually single and lines the fibrous stratum,

but, as already explained, it has prolongations into tlie iuteriuetacarpal and inter-

carpal series of joints. In connexion with the intercarpal series, the frequent

absence of the interosseous ligament between the greater and lesser multangular
bones permits the free communication of this joint cavity witli tliat of Llie

transverse carpal joint.

ARTICULATIONES METACARPOPHALANGE/E.

Metacarpo-phalangeal Joints.— In tlie case of the pollex this joint is con-

structed on the plan of a ginglymus diartlirosis ; the four corresponding joints

of the fingers are_also diarthroses of a slightly modified ball-and-socket variety.

With the exception of the metacarpal l)one of the pollex,

each metacarpal bone has a somewhat spherical head
articulating with a shallow oval cup upon the base of the

first phalanx. It is important to note that the articular

surface upon the head of each of these metacarpal bonesj

is wider on the volar aspect and narrower on the dorsal

aspect. The articulation in the thumb presents features

similar to those of an interphalangeal joint.

Each joint possesses a capsula articularis (Fig. 312)
which presents very different degrees of strength in

different aspects of the articulation. Thus, on the dorsal

aspect, it cannot be demonstrated as an independent
structure, but the necessity for dorsal ligaments is to

a large extent obviated by the presence of the strong

flattened expansions of the extensor tendons.

The epiphyseal lines are extra-capsular.

Ligamenta CoUateralia.—The collateral ligaments

(O.T. internal and external lateral) (Fig. 312) are strong

cord-like bands which pass from the tubercles and adjacent

depressions on the sides of the heads of the metacarpal

bones to the contiguous non-articular areas on the bases

of the proximal phalanges. They are intimately connected

on their volar aspects with the volar ligaments.

Ligamenta Accessoria Volaria.—The volar accessory

ligaments (O.T. palmar ligaments) consist of thick plates of

fibro-cartilage loosely connected to the metacarpal bones,

but firmly adherent to the phalanges. They are placed

between the collateral ligaments, to both of which they

are in each case connected. Each plate is grooved on the

volar surface for the long flexor tendons, whilst on its

dorsal or joint surface it supports and glides upon the

head of the metacarpal bone during flexion and extension

of the joint. In the case of the thumb this plate of ^j^, 312.—metacakpo-phalan-
fibro-cartilage is usually replaced by sesamoid bones, and geal and intekphalan(;eal

in the case of the index finger one such sesamoid nodule Joints.

is frequently found at the radial side of the plate.

An important accessory ligament is found in connexion with the four medial

metacarpo-phalangeal articulations, viz. :

—

Ligamenta Capitulorum (Oss. Metacarpalium) Transversa.—The transverse

ligament of the heads of the metacarpal bones (or transverse metacarpal ligament)

binds together the distal extremities of the four medial metacarpal bones. The
name is applied to three sets of transverse fibres of great strength which are

situated in front of the three medial interosseous spaces. These fibres are con-

tinuous with the ligamenta accessoria volaria (volar metacarpo-phalangeal ligaments)

at their lateral margins.

A stratum synoviale lines the capsula articularis of each joint.

Capsule

Collateral
liL'anient
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ARTICULATIONES DIGITORUM MANUS.

Interphalangeal Joints.—Of these joints there are two for each finger and

cue for the thumb. They all correspond, in being ginglymus diarthroses in which

the trochlear character of their articular surfaces is associated with one axis of

movement directed transversely.

In their general arrangement they correspond with each other, and to a large

extent with the metacarpo-phalangeal series already described. Each is provided

with a definite articular capsule (Eig. 312), of which the volar and cord-like lateral

portions are well marked, while on the dorsal aspect the extensor tendons act as the

chief support. The volar portions contain fibrous plates of considerable thickness,

and are attached to the two collateral ligaments and to the intervening rough

surface on the distal phalanges, while their proximal margins are not attached to

bone. Each ligament has its lateral margins prolonged proximally to the adjacent

sharply defined lateral ridges on the phalangeal shafts.

The collateral ligaments (Fig. 312) are strong, rounded, short bands, continuous

with the preceding, and attached to the non-articular sides of adjacent heads and

bases of the phalanges.

Each joint possesses a "synovial stratum which lines its fibrous stratum, but its

arrangement presents no special peculiarity. The epiphyseal lines of the bases of

the phalanges are extra-capsular.

Movements of the Carpal, Intermetacarpal, Metacarpo-phalangeal
AND Interphalangeal Joints.

The amount of movement which is possible at individual joints of the intercarpal, inter-

metacarpal, and carpo-metacarpal series is extremely limited, both on account of the interlocking

nature of the articular surfaces and the restraining character of the ligamentous bands. Taken

as a whole, however, the movements of the carpus and metacarpus enable the hand to perform

many varied and important functions. This is largely due to the greater mobility of those joints

on the radial and uhiar borders of the hand, as well as to the general elasticity of the arches

formed by the carpus and metacarpus. These conditions particularly favour the movements of

opposition and prehension. In the opposite direction, i.e. when pressure is applied from the

volar aspect, the metacarpal and carpal arches tend to become flattened, but great elasticity is

imparted by the tension of the various ligaments.

The four medial metacarpo-phalangeal joints are ball-and-socket joints, and movements of

volar-flexion and extension are freely performed about a transverse axis. In exceptional cases

a certain amount of dorsi-flexion is possible. About an antero-posterior axis movements occur

which are usually referred to the middle line of the hand, and hence called abduction and

adduction, but in consequence of the difference in the width of the articular surface on the dorsal

and volar aspects of the heads of the four medial metacarpal bones it is only possible to obtain

abduction when the joints are extended, while in the flexed position the joints become locked and

abduction is impossible.

The movements of the index finger are less hampered than in the case of the others, but

each of them can perform a modified kind of circumduction.

The metacarpo-phalangeal joint of the thumb and all the interphalangeal joints are uniaxial

or hinge-joints acting about a transverse axis, which permits of volar-flexion and extension

being freely performed, but dorsi-flexion is, as a rule, entirely prevented by the volar and lateral

ligaments.

ARTICULATIONES ET LIGAMENTA CINGULI

EXTREMITATIS INFERIORIS.

Articulations and Ligaments of the Pelvis.—Although we may consider the

pelvis as a separate part of the skeleton, yet it is essential to remember that the

bones which enter into its composition belong to the vertebral column (sacrum,

coccyx) and the lower limb (hip bone). Accordingly, the articulations, with their

corresponding ligaments, may be arranged as follows :

—

(a) Those by which the segments of the coccyx are joined together (already

de.scribed, v. p. 310) ;

(6) That by which the sacrum articulates with the coccyx (already de-

scribed, V. p. 309)

;
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(c) Those by which the sacrum articulates with the last lumbar vertebra

(Lumbo-sacral joints)

;

(d) Those by which the hip bones are attached to the vertebral column
(Sacro-iliac joints)

;

(«) That by whicli the liip bones are attached to each other (Symphysis

pubis).

.V liTlC U LATlUX ES SACKOL L'MBALES.

Lumbo-sacral Joints.—The articulation of the sacrum with the fifth lumbar

vertebra is constructed precisely on the principle -of the articulations between two

typical vertebne, and the usual ligaments associated with such joints arc repeated.

There is, however, an additional accessory ligament, termed the lateral liunbo-sacral

ligament. This extends from the anterior aspect of the inferior border of the

transverse jirocess of the last lumbar vertebra, downwards and slightly laterally,

to the front of the lateral aspect of the ala of the sacrum, close to the sacro-

iUac joint. Further, a variable membranous band extends between the lateral

aspect of the inferior part of the body of the last lumbar vertebra and the front of

tlie ala of the sacrum. This band lies in front of the anterior ramus of the fifth

lumbar nerve.

ARTICULATIO SACKOILIACA.

Each hip bone articulates with the sacral section of the vertebral column on

each side through the intervention of a diarthrosis, termed the sacro-iliac joint.

Uium

Sacrum

Greater sciatic

foramen

Posterior sacro-iliac

ligament

Sacro-iliac joint"

Sacro-tuberous
ligament

Sacro-spinous
ligament

Lesser sciatic foran;-!

abuluni

Sacro-tuberous
ligament

Interpubic flbro-cartilage

Fig. .313.

—

Fkoxtal Section of Pelvis.

This joint is formed between the contiguous auricular surfaces of the sacrum

and ilium. Each of these surfaces is more or less completely clothed with hyaline

articular cartilage. The joint cavity, which is httle more than a capillary interv'al,

may be crossed by filtrous bands.
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The cavum articulare (joint cavity) is surrounded by ligaments of varying
thickness and strength, which constitute the fibrous stratum of its articular capsule.

Thus, its anterior part is thin, and consists of short but strong fibres which pass
between adjoining surfaces on the ala of the sacrum and the iliac fossa of the
hip bone ; they form the anterior sacro-iliac ligament. On the posterior aspect
there are three ligaments. The interosseous sacro-iliac ligament (Fig. 313) con-
sists of numerous strong fasciculi, which pass from the rough area on the medial
aspect of the ilium, above and behind its auricular surface, downwards and medially
to the tubercles of the transverse processes and the depressions behind the first and
second segments of the sacrum. This ligament is of great strength, and with its

^-^Jln
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Fig. 314.

—

Posterior View ok the Pelvic Ligaments and of the Hip-Joint.

fellow it is responsible for suspending the sacrum and the weight of the super-

imposed trunk from the hip bones.

The long posterior sacro-iliac ligament (Fig. 314) is a superficial thickened portion

of the interosseous ligament. It consists of a definite band of fibres passing from

the posterior superior iliac spine to the tubercles of the transverse processes of the

third and fourth segments of the sacrum.

.

The short posterior sacro-iliac ligament consists of superficial fibres of the

interosseous ligament passing from the posterior superior iliac spine to the tubercles

of the first and second transverse processes of the sacrum.

The articular cavity of this joint is very imperfect and rudimentary.

Several accessory ligaments are associated with the articulation of the hip. bone

to the sacral section of the vertebral column.
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Lig. Iliolumbale.—The ilio-lumbar ligament (Fig. 314), which is merely Ihe

thickened anterior lamina of the lumbo-dorsal fascia, extends from the tip of the

transverse process of the last lumbar vertebra, almost horizontally laterally, to

the inner lip of the iliac crest at a point a short distance behind its highest level.

A proportion of these fibres is attached to the medial rough surface of the ilium
between the iliac crest and the auricular impression. To these the name of the
lig. iliolumbale inferius is applied.

Lig. Sacrotuberosum.—The sacro-tuberovis ligament (O.T. great sacro sciatic

lig.) (Fig. 314) is somewhat triangular in outline. It occupies the interval Vjetween

the sacrum and the hip ])one, and is attached medially to the posterior inferior

spine of the ilium ; to the posterior aspects of the tuVjercles of the transverse processes

and lateral margins of the third, fourth, and tifth segments of the sacrum, as well as

to the side of the.lirst segment of the coccyx. It passes downwards and laterally,

becoming narrower as it approaches the ischium, near to which, however, it again
expands, to be attached to the medial side of the tuber ischiadicum, immediately
below the groove for the tendon of the obturator internus muscle, i.e. the lesser

sciatic notch. A continuation of the medial border of the ligament—the processus

falciformis (Fig. 314)—runs upwards and forwards on the medial aspect of the
ramus of the ischium.

The ligamentum sacrotuberosum is believed by many to represent the original

or proximal end of the long or ischial head of the biceps femoris muscle.

Ligamentum Sacrospinosum.—The sacro-spinous ligament (O.T. small sacro-

sciatic lig.) (Figs. 314 and 313) is situated in front, and in a measure under cover
of the sacro-tuberous ligament. Triangular in form, it is attached by its base to

the last two segments of the sacrum and the first segment of the coccyx, and by its

pointed apex to the tip and superior aspect of the spina ischiadica. This ligament
is intimately associated with the coccygeus muscle, and by some it is regarded as
l)eing derived from it by fibrous transformation of the muscle fasciculi.

By the sacro-tuberous and sacro-spinous ligaments the two sciatic notches of
the hip bone are converted into foramina. Thus the sacro-spinous ligament (licr.

sacrospinosum) completes the boundaries of the greater sciatic foramen (foramen
ischiadicum majiis); while the sacro-tuberous ligament (lig. sacrotuberosum),'
assisted by the sacro-spinous ligament (lig. sacrospinosum), closes the lesser sciatic

foramen (foramen ischiadicum minus).

SYMPHYSIS OSSIUM PUBIS.

The anterior wall of the osseous pelvis is completed by the articulation of the
bodies of the two pubic bones, which constitutes the symphysis pubis. This joint
conforms in its construction to the general plan of an amphiarthrosis. Thus it is

median in position ; each pubic bone is covered by a layer of hyaline cartilat^e,

which closely adapts itself to the rough tuberculated surface of the pubic bone

;

while between these two hyaline plates there is an interposed fibro -cartilage
called the lamina Jihrocartilaginea interpubica, in the interior of which there is

usually a vertical antero-posterior cleft. This cavity, which is placed nearer the
posterior than the anterior aspect of the joint, does not appear until between the
seventh and tenth years, and as it is not lined by a synovial stratum, it is supposed
to result from the breaking down of the interpubic lamina.

Lig. Pubicum Anterius.—The anterior pubic ligament (Fig. 313) is a structure
of considerable thickness and strength. Its superficial fibres, which are derived
very largely from the tendons and aponeuroses of adjoining muscles, are oblique,
and form an interlaced decussation. The deeper fibres are short, and extend
transversely from one pubic bone to the other.

Lig. Pubicum Posterius.—The posterior pubic ligament (Fig. 313) is very
weak and consists of scattered fibres which extend transversely between contic'uous
pubic surfaces posterior to the articulation.

Lig. Pubicum Superius.—The superior pubic ligament also is weak ; it consists
of transverse fibres passing between the two pubic crests.

22
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Lig. Arcuatum Pubis.—The arcuate ligament of the pubis (O.T. inferior or

subpubic ligament) occupies the arch of the pubis, and is of considerable strength.

It gives roundness to the pubic arch and forms part of the inferior aperture of

the pelvis. It has considerable vertical thickness immediately below the interpubic

fibro-cartilage, to wliich it is attached. Laterally it is attached to adjacent sides

of the inferior rami of the pvibis. Its inferior border is free, and separated from the

upper border of the fascia of the urogenital diaphragm by a transverse oval

interval, through which the dorsal vein of the penis passes backwards to the

interior of the pelvis.

Fascia Diapheagmatis Urogenitalis Inferior.

The inferior fascia of the urogenital diaphragm (O.T. superficial layer of the

triangular ligament) is a membranous structure which occupies the pubic arch below

and distinct from the arcuate ligament of the pubis. It assists in completing the

pelvic walls anteriorly in the same manner that the obturator membrane does

laterally. Indeed, these two structures occupy the same morphological plane. The
fascia presents two surfaces—one superficial or perineal, the other deep or pelvic

—

and both of these surfaces are associated with muscles. Its lateral borders are

attached to the sides of the pubic arch, while its base is somewhat ill-defined, by
reason of its fusion with the fascia of Colles in the urethral region of the perineum.

The apex of the fascia is truncated, free, and well defined, constituting the

transverse perineal ligament, above which there is the interval for the dorsal vein of

the penis. It is pierced by a number of vessels and nerves, but the principal

opening is situated in the median plane one inch below the pubic arch, and trans-

mits the urethra.

Membrana Obturatoria.

The obturator membrane (Fig. 316) occupies the obturator foramen. It is

attached to the pelvic aspect of the circumference of this foramen. It consists

of fibres irregularly arranged and of varying strength, so that sometimes it almost

appears fenestrated. At the highest part of the foramen it is incomplete and forms

a U-shaped border, between which and the bony circumference of the foramen

the obturator canal is formed. In this position the membrane is continuous with

the parietal pelvic fascia which clothes the medial side of the obturator internus

muscle, above the superior free margin of the muscle. From the lateral or femoral

aspect of the membrane some of its fibres are prolonged to the antero-inferior

aspect of the capsule of the hip-joint.

Mechanism and Movements of the Pelvis.—The human pelvis presents a mechanism the

principal requirement of which is stability and not movement, for, through the pelvis, the weight
of the trunk, superimposed upon the sacrum, is transmitted to the lower limbs. Moreover, its

stability is largely concerned in the maintenance of the erect attitude. The movements of its

various parts are therefore merely such as are consistent with stability, without producing absolute

rigidity.

The two hip bones, being bound together by powerful ligaments at the pubic articulation,

constitute an inverted arch, of which the convexity is directed downwards and forwards, while
its piers are turned upwards and backwards, and considerably expanded in relation to the

posterior parts of the iliac bones. Between the piers of this inverted arch the sacrum is situated.

This bone is in no sense a key-stone to an arch, because, as may readily be seen in antero-posterior

transverse section, the sacrum is wider in front than behind, and the superposed weight naturally

tends to make the sacrum fall towards the pelvic cavity, and so fit less closely between the

hip bones. The sacrum is in reality an oblique platform, in contact with each hip bone through
its articular auricular surfaces, and in this position it is suspended by the interosseous and
posterior sacro-iliac ligaments, and kept securely in place by the " grip " due to the irregularity

of the opposed surfaces of the two sacro-iliac articulations. Since the weight of the trunk is

transmitted to the anterior and superior end of this sacral j^latform, there is a natural tendency
for the sacrum to revolve upon the transverse axis which passes through its sacro-iliac joints.

If this were permitted, the promontory of the sacrum would rotate downwards and forwards

towards the pelvic cavity, as really does occur in certain deformities. This revolution or tilting

downwards of the anterior part of the sacrum is j^revented by the action of the sacro-

tuberous and sacro-spinous ligaments, extending from the ischial tuberosity to the posterior

and inferior end of the suspended platform of the sacrum. Not only so, but these ligaments,

acting on a rigid sacrum, tend to hold up the weight upon the sacral promontory.
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The various ligaments passing between the last lumbar vertebra and the sacrum and ilium

retain the weight ol' the trunk in position upon the ant<.'rior end of the sacrum, and resist ita

tendency to slip lV)r\vards and downwards t(jwards the jjelvic cavity. The entire weight of the

trunk and pelvis is transmitted to the heads of the thigh )jones in the most advantageous

position, both for elfectiveness and the strengthening of the inverted back of the hip bones, for it

will be evident that the heads of the femora thrust inwards upon the convex side of the arch,

very much at the place where the arches are weakest, viz., at the springing of the arch from its

piers. The forces which tend to cause movement of the pelvic bones during parturition act from
within the pelvis, and have for their object the increase of the various pelvic diametei-s, in

order that tue fcetal head may more readily be transmitted. For this puipose the wedge-like

doi-sal surface of the sacrum is driven backwards, and a certain amount of extra space may there-

by be obtained. An important factor, however, in the increase of the pelvic capacity at this

period is found in the relaxation of its various ligaments.

ARTIOULATIONES EXTREMITATIS INFERIORIS.

Ischial spiae

ARTICULATIO COX^.

The Hip-Joint.—The human body provides no more perfect example of an
enarthrodial diarthrosis than the hip-joint. Combined with all that variety of

movement which characterises a multi-axial joint, it nevertheless presents great

stability, which has been obtained by simple arrangements, for restricting the range

of its natural movements. This stability is of paramount importance for the

maintenance of the erect attitude, and the mechanical adaptations whereby this

result is obtained are such that the erect attitude may be preserved without any
great degree of sustained muscular effort.

Articular Surfaces.—The head of the femur is globular in shape, and consider-

ably exceeds a hemisphere.

It is clothed with hyaline

articular cartilage on those

parts which come into direct

contact with the acetabulum.

There is frequently more or

less of extension of the

articular cartilage from the

head to the adjoininganterior

part of tlie neck, an extension

which is accounted for by the

close and constant apposition

of this portion of the neck
with the posterior aspect of

the ilio - femoral ligament.

The limit of the articular

cartilage covering the head
is indicated by a sinuous
border. Further, there is an
absence of articular cartilage

from the fovea or pit on
the head of the femur.

The acetabulum is a deep
cup-shaped cavity which pre-

sents a notch on its antero-

inferior margin. The interior

of the cup is lined with a
ribbon -like band of articular

cartilage which extends to

the brim of the cavity, but
does not cover its floor. This articular ribbon-shaped band is widest on its supero-

posterior aspect, and narrowest at the anterior margin of the acetabular notch.

Lig. Transversum Acetabuli.—The transverse ligament (Fig. 315) bridges the

acetabular notch, and consists of strong transverse fibres which are attached to

Transverse acetabular ligament

Retinacula

Fig. 315.

—

Dissection of the Hip-Joist.

Bottom of the acetabulum removed, and capsule of the joint thrown
laterally towards the trochanters.
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both of its margins, but more extensively to the postero-inferior. This ligament

does not entirely fill the notch, but leaves an open interval between its inferior

border and the bottom of the notch through which vessels and nerves enter the

cup. The acetabular aspect of this ligament constitutes an articular surface.

The acetabulum is deepened by the labrum glenoidale (O.T. cotyloid ligament)

(Figs. 315 and 316), which consists of a strong ring of fibro-cartilaginous tissue

attached to the entire rim of the cup. The attached surface of the ring is broader

than its free edge, and, moreover, the latter is somewhat contracted, so that the

ligament grasps the head of the femur which it encircles. Its fibres are partly

oblique and partly circular in their direction. By the former it is firmly implanted

on the rim of the acetabulum and the lig. transversum acetabuli ; by the latter

the depth of the cup is increased through the elevation of its edge, and its

mouth slightly narrowed. By one surface this ligament is also articular.

Capsula Articularis.—An articular capsule (Figs. 315 and 316) completely

invests the joint cavity. Its fibrous stratum is of great strength, although it is not

of equal thickness throughout, being considerably thicker on the supero-anterior

aspect than at any other part. Unlike the corresponding structure of the shoulder-

joint, it does not permit of the withdrawal of the head of the femur from contact

with the acetabular articular surfaces, except to a very limited extent. Its fibres

are arranged both in the circular and in the longitudinal direction, the former,

known as the zona orbicularis, being best marked posteriorly, while the longitudinal

fibres stand out more distinctly in front, where they constitute special ligaments.

Looked at as a whole, the fibrous stratum of the capsule has the following

attachments : proximally it surrounds the acetabulum, on the superior and posterior

aspects of which it is attached directly to the hip bone, while on the anterior and
inferior aspects it is attached to the non- articular surfaces of the labrum
glenoidale and transverse ligaments of the acetabulum ; distally it encircles the neck
of the femur, where it is attached in front to the intertrochanteric line ; above, to

the medial aspect of the root of the greater trochanter ; below, to the lower part

of the neck of the femur, in close proximity to the lesser trochanter ; behind, to

the line of junction of the lateral and middle thirds of the neck of the femur.

It is a matter of some importance to note that only part of the posterior surface

of the neck of the femur is enclosed within the articular capsule. The femoral

attachments of the fibrous stratum of the capsule vary considerably in their

strength, being particularly firm above and in front, but much weaker below and
posteriorly, where the orbicular fibres are well seen. Many fibres of the fibrous

stratum, are reflected from its deep aspect proximally upon the neck of the femur,

where they form ridges, and to these the term retinacula (Fig. 315) is applied.

The epiphyseal line of the head of the femur is intra-capsular ; the epiphyseal

lines of the two trochanters are extra-capsular.

The longitudinal fibres of the fibrous stratum of the capsule are arranged so as to

form certain definite bands, viz. :

—

(1) Lig. Iliofemorale.—The ilio-femoral ligament (Fig. 316) consists of a

triangular set of fibres attached proximally, by their apex, to the inferior part of

the anterior inferior iliac spine and the immediately adjoining part of the rim of

the acetabulum, and distally, by their base, to the intertrochanteric line of the

femur. This ligament is the thickest part of the fibrous stratum, but its sides are

more pronounced than its centre, especially towards its base. Consequently the

ilio-femoral ligament presents some resemblance to an inverted Y (A), and therefore

was formerly named the Y-shaped ligament of Bigelow.

The lateral or iipjjer limb of the ilio-femoral ligament maj' be somewliat extended by the

inclu.sion of additional longitudinal fibres, and described as the ilio-trochanteric ligament. This
band arise.s from the anterior part of the dorsum of the acetabulum, and extends to the femoral

neck, clo.se to the anterior end of the medial surface of the greater trochanter.

(2) Lig. Pubocapsulare.—The pubo-capsular ligament (Fig. 316) is composed of

some bands of fibres of no great strength, which extend from the lateral end of the

superior ramus of the pubis, the ilio-pectineal eminence, the obturator crest and the

obturator membrane, to lose themselves, for the most part, in the capsule, although
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Anterior inferior

iliac spine

a certain proportion of them miiy be traced to the inferior aspect of the femoral

neck, where they adjoin the distal attachment of the ilio-femoral ligament.

(3) Lig. Ischiocapsulare.—Thi; ischio-capsular ligament consists of a broad

band of shnrL, fairly sLn^ig IdugiLudinal lil^res, which, by their proximal ends,

are attached to the iscliium l)etween the lesser sciatic notch and the oljturator

foramen, while their distal ends become merged in the zona orbicularis of the general

capsule.

Within the capsule, and quite distinct from it, there are the ligumentum teres

and the Haversian gland.

Lig. Teres Femoris. —The round ligament (Fig. 315) is a strong, somewhat
flattened l»and of libruus tissue, attached by one end to the superior half of the pit

or depression on the

head of the feiaur. ."v

By its medial end it

is attached to the

lower edge of the

articular surface of

the transverse liga-

ment, with exten-

sions to the opposite

borders of the
acetabular notch,
but chiefly to the

posterior or ischial

border. This liga-

ment varies very

greatly in its

strength and de-

velopment in differ-

ent subjects, and in

certain rare cases it

is absent.

The so-called

Haversian gland
occupies the bottom
or non-articular area

of the acetabulum.

It consists of a mass
of fat covered by the

synovial stratum of

the joint. This pad of fat is continuous with the extra-capsular fat through the

passage subjacent to the transverse ligament of the acetabulum.

A synovial stratum lines the fibrous stratum of the capsule from which it is

reflected to tlie neck of the femur along a line which corresponds to the femoral

attachments of the fibrous stratum. Thus the synovial stratum.clothes more of the

femoral neck anteriorly than in any other position. Posteriorly, where the fibrous

stratum is feebly attached to the neck of the femur, the synovial stratum may be

seen from the outside of the capsule. The synovial stratum extends close up to

the articular margin of the head of the femur, and on the superior and inferior

aspects of the neck it is gathered into loose folds upon the retinacula. These

folds or plicae synoviales are best marked along the line of synovial reflection, and
do not reach as far as the femoral head. At its acetabular end the synovial

stratum is prolonged from the inside of the capsule to the outer non-articular

surface of the labrum glenoidale and transverse ligament, upon which it is

continued as a lining for their acetabular or articular surfaces, and further, it pro-

vides a covering for the fat at the bottom of the acetabular fossa, as well as a

complete tubular investment for the ligamentum teres femoris.

Occasionally the synovial bursa, which is subjacent to the tendon of the ilio-

psoas muscle, communicates with the interior of the hip-joint through an opening

Piibo-caiLsular ligament

Fig. 316.

—

Dissection of the Hip-Joint from the front.
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in the anterior wall of the capsule (Fig. 316), situated between the pubo-capsular

ligament and the medial or lower limb of the ilio-femoral ligament.

Movements at the Hip-Joint.—The movements -wliich occur at the hip-joint are those of

a multiaxial joint. These are flexion, extension, abduction, adduction, rotation, and circumduction.
The range of each of these movements is less extensive than in the case of the shoulder-joint, be-

cause, at the hip, the freedom of movement is subordinated to that stability which is essential alike

for the maintenance of the erect attitude and for locomotion. When standing at rest in the erect

attitude the hip-joint occupies the position of extension, and as the weight of the trunk is trans-

mitted in a perpendicular which falls behind the centres of the hip-joints, both the erect attitude
and the extended position are maintained to a large extent mechanically, by means of the tension

of the ilio-femoral ligament, without sustained muscular action. Moreover, the tension of this

ligament is sustained by the pressure of the front of the head and neck of the femur against its

synovial surface. In this association of parts it is important to note that the articular cartilage

of the femoral head may be, and in certain races is, prolonged to the front of the femoral neck

;

and further, that the constant friction does not destroy the synovial stratum of the capsule.

Again, the same mechanism which preserves the erect attitude prevents an excessive degree of

extension or dorsiflexion. In movement forwards, i.e. ventral flexion, the front of the thigh
is approximated to the anterior abdominal wall. The amount of this movement depends upon
the position of the knee-joint, because when the latter is flexed the thigh may be brought into

contact with the abdominal wall, whereas when the knee-joint is straightened {i.e. extended)
the tension of the hamstring muscles greatly restricts the amount of flexion at the hip-joint.

Abduction and adduction are likewise much more restricted than at the shoulder-joint. Abduc-
tion is brought to a close by the tension of the pubo-capsular band and the lower part of the
capsule, and, in addition, the ujDper aspect of the neck of the femur locks against the margin
of the acetabulum. Excessive adduction is prevented by the tension of the upjDer band of the
ilio-femoral ligament and the upper part of the capsule. Eotation or movement in a longi-

tudinal axLs may be either medially, i.e. towards the front, or laterally, i.e. toward the back.

In the former the movement is brought to a close by the tension of the ischio-capsular ligament
and posterior part of the capsule, aided by the muscles on the back of the joint ; in the latter

—

rotation laterally—the chief restraining factor is the lateral or upper limb of the ilio-femoral

ligament. The total amount of rotation is probably less than 60^.

Circumduction is only slightly less free than at the shoulder, but it is complicated by the
preservation of the balance upon one foot.

The value and influence of the ligamentum teres femoris are not easily estimated, because it

may be absent without causing any known interference with the usefulness of the joint. In the
erect attitude this ligament lies lax between the lower part of the femoral head and the acetabular

fat. In the act of walking it is rendered tense at the moment when the pelvis is balanced on the

summit of the supporting femur. Analysis of this position shows the femur to be adducted,

with probably, in addition, a small amount of flexion {i.e. bending forwards) and medial
rotation. Again, this ligament is said to be tense when the thigh is rotated laterally. The
equivalent of this movement is doubtless found in the rotation of the pelvis, which occurs in

the act of walking at the moment of transition from the toe of the supporting foot to the heel of

the advancing foot. The interest connected with this ligament is perhaps rather morphological
than physiological It is believed by some to represent the tendon of a muscle which in birds

occupies a position external to the joint capsule.

ARTICULATIO GENU.

The knee-joint is the largest articulation in the body, and its structure is

of a very elaborate nature. The part it plays in maintaining the erect attitude

materially influences its construction, and special arrangements are provided for the

mechanical retention of the joint in the extended position in view of the fact that

the line of gravity falls in front of the centre of the articulation. Its principal

axis of movement is in the transverse direction, consequently it belongs to the

ginglymus or hinge variety of the diarthroses. At the same time a slight amount
of rotation of the tibia in its long axis is permitted during flexion ; but while this

fact is of considerable importance in the study of certain accidents to which the

joint is liable, as well as in the study of its comparative morphology, it is not

sufficiently pronounced to interfere with its classification as a hinge-joint.

Articular surfaces pertaining to the femur, tibia, and patella enter into the

formation of the knee-joint. The articular surface of the femur extends over a

large part of both condyles, and may be divided into patellar and tibial portions

by faintly -marked, almost transverse grooves, which pass across the articular

surface immediately in front of the intercondylar notch. As a rule marginal

indentations of the articular surface render the positions of these transverse

grooves more distinct.
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The patellar portion (Fig. 317) is situated anteriorly, and is common to both

condyles, althougli developed to a larger extent in association with the lateral condyle,

on which it ascends to a more proximal level than on the medial condyle. This

surface is trochlear, and iorms a vertical groove bordered by prominent b(;rder8.

The tibial portion of the articular surface of the femur is divided into two

articular areas, in relation to the distal aspects of the two condyles, by the wide

non- articular intercondyloid notch. These two surfaces are for the most part

parallel, but in front the medial tibial surface turns obliquely laterally as it

passes into continuity with the patellar trochlea, while posteriorly, under certain

circumstances, ejj. the squatting posture, the articular surface of the medial condyle

may extend to the adjoining portion of the popliteal area of the bone.'
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Fig. 317.

—

Dissection of the Knee-Joint from the front : Patella thrown distallt.

When the joint is in the position of extreme flexion, the patella is brought into

direct contact with that part of the articular surface on the medial condyle which

bounds the intercondyloid notch upon its medial and anterior aspects. This relation-

ship is indicated by the presence of a distinct semilunar facet on the cartilage in

that situation (Fig. 317). The articular surface of the femur may therefore be

regarded as presenting femoro-patellar and femoro-tibial areas.

The patella presents on its posterior aspect a transversely elongated oval

articular facet and a distal rough, triangular, non-articular area. The articular

facet is divided into two principal portions by a prominent rounded vertical ridge.

Of these the lateral is the wider. A less pronounced and nearly vertical ridge

marks off an additional facet called the medial perpendicular facet, close to the

medial margin of the articular surface. Two faint transverse ridges cut off narrow

proximal and distal facets from the general articular surface without encroaching

on the narrow, most medial vertical facet (Goodsir) (Fig. 317).

The head of the tibia presents on its superior aspect two condylar articular

surfaces, separated from each other by a non-articular antero-posterior area, which

is wider anteriorly and posteriorly than in the middle, where it is elevated to form

a bifid eminentia intercondyloidea.

The lateral condylar facet is slightly concavo-convex from before backwards
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and slightly concave transversely. This surface is almost circular, and extends

to the free lateral border of the tibial condyle, where it is somewhat flattened.

Posteriorly the articular surface is prolonged downwards on the condyle in

relation to the position occupied by the tendon of the popliteus. muscle. The

medial condylar facet is oval in outline, and distinctly concave both in its antero-

posterior and transverse diameters.

Ligaments.—Like all diarthroses, this joint is invested by an envelope or

capsula articularis, which does not, however, entirely surround the articular cavity,

for it is absent as a fibrous stratum proximal to the articular cavity, subjacent

to the tendon of the quadriceps extensor muscle. Its specially named bands are not
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Fig. 318.—The Knee-Joint. Posterior View.

of themselves sufficient to form a complete investment, and the fibrous stratum

which largely consists of augmentations from the fascia lata and the tendons ot

surrounding muscles, supplies tlie defective areas. Thus, anteriorly, on each side

of the patella and the ligamentum patelke, expansions of the vasti tendons an(l

fascia lata, constituting the collateral patellar ligaments, are evident. On the lateral

side of the joint the fibular collateral ligament is hidden withm a covering derived

from the ilio-tibial tract of the fascia lata. On the medial side expansions from the

tendons of the sartorius and semi-meuibranosus muscles augment the articular

capsule, which here becomes continuous with the ligamentum collaterale tibiale

Posteriorly the articular capsule also receives augmentation from the tendon ol

the semi-membranosus muscle, but it is very thin subjacent to the origins of the

gastrocnemius muscle, where it covers the posterior parts of the condyles. Not

unfrequently the articular capsule presents an opening of communication between
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the interior of the articular cavity and a bursa wliicli lies under cover ot" the medial

head of the gastrocnemius muscle.

The epiphyseal line of the distal end of the fenuir is partly intra-capsular and

j)artly extra-capsular ; that of the pro.ximal end of the tibia is extra-eapsular.

Ligamentum Patellae. -The ligamentum patellae or anterior ligament (Fig.

ol8j is a powerful llaUencd Ijaud, {ittacliL'd proximully tu tlie apex and adjoining

nuirgins of the patella, and distally to the rough anterior tuberosity at the proximal

end of the shaft of the tibia. This ligament also serves as a tendon of insertion for

the quadriceps extensor nmscle, and a certain number of the fibres of the tendon

may be observed to run distuUy as a thin fibrous covering for the anterior surface

of the patella. Tlie deep surface of the teudon is separated from the front of the

head of the tibia by a synovial bursa, and proximal t<j this it rests upon the

infra-patellar pad -of fat, which is placed between the tendon and the synovial

stratum of the joint.

The ligamentum posterius posterior (ligament) (Fig. 318) is a compound structure

of unequal strength, and those portions l)y which it establishes continuity with

the lateral parts of the articular capsule are remarkably thin. It is attached

proximally to the popliteal surface of the femur, close to the intercondyloid notch,

with lateral extensions to the non-articular areas immediately proximal to the

posterior articular margins of the two condyles, where it is closely associated with

the origins of the gastrocnemius muscle.

Distally it is attached to the rough non-articular posterior border of the head

of the tibia, where, to its fibular side, it presents an opening of exit for the tendon

of the popliteus muscle (Fig. 318).

The tendon of insertion of the semi-membranosus muscle contributes an

important expansion which augments the posterior ligament on its superficial

aspect. This expansion—lig. popliteum obliquum—passes obhquely proximally and

laterally to lose itself in the general ligament, but it is most distinct in the region

between the femoral condyles, where it may present proximal and distal arcuate

borders (lig. popliteum arcuatum). A number of vessels and nerves perforate

this ligament, and hence it presents a number of apertures.

Lig. Collaterale Tibiale.—The tibial collateral ligament (O.T. internal lateral)

(Figs. 317 and 318) is a well-defined, strong, flat band which is apphed to the

medial side of the knee-joint, and is rather wider in the middle than at either end.

It is frequently regarded as consisting of two portions—an anterior or long portion,

and a posterior or short one. The two parts arise close together from the medial

epicondyle, immediately distal to the adductor tubercle. The short or posterior

portion passes distally and slightly backwards, to be attached to the postero-medial

aspect of the medial part of the tibia proximal to the groove for the semi-

membranosus tendon. The long or anterior portion inclines somewhat forwards,

and extending distally superficial to the tendon of the semi-membranosus, it is

attached to the proximal part of the medial surface of the shaft of the tibia distal

to the level of the tuberosity.

On its superficial aspect the tibial collateral ligament is augmented by pro-

longations from the tendons of the semi-membranosus and sartorius muscles,

but is separated by a bursa from the tendons of the gracihs, semi-tendinosus,

and sartorius. Its deep surface is adherent to the convex edge of the meniscus

medialis, but more distally the distal and medial articular vessels intervene

l)etween the ligament and the shaft of the tibia.

Lig. Collaterale Fibulare.—The fibular collateral ligament (O.T. external lateral)

(Figs. 317 and 318) is a distinct rounded band which is under cover of the ordinary

capsule, and yet well separated from the articular cavity by intervening objects. It

is attached proximally to the lateral epicondyle, immediately proximal to the

groove occupied by the tendon of the popliteus muscle, superficial to W'hich the

ligament extends distally to be attached to the lateral side of the head of the

fibula, in front of the styloid process. In its course it spUts the tendon of

insertion of the biceps femoris (Fig. 317), the portions of which are fixed to the

head of the fibula on either side of the ligament, and a bursa may intervene

between the tendon and the ligament. The distal lateral articular vessels pass
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forwards subjacent to this ligament and proximal to the head of the fibula.

Unlike the tibial collateral ligament, it is not attached to the corresponding

meniscus.

The ligamentum laterale externum breve seu posterius (Fig. 317) is an inconstant structure

which is attached liy its proximal end immediately behind the preceding, and subjacent to

the lateral head of the gastrocnemius muscle. It likewise passes superficial to the popliteal

tendon, and is affixed distally to the apex capituli of the fibula.

The intra-articular structures of the knee-joint are more important and more

numerous than in any other joint of the body.

Ligamenta Cruciata Genu.—The cruciate ligaments (O.T. crucial ligaments)

are two strong,rounded, tendinous bands, which extend from the non-articular area
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Fig. 319.—The Knee-Joint opened from behind by the Removal of the Posterior Ligament.

on the proximal surface of the head of the tibia to the non-articular sides of the

intercondyloid notch of the femur. These interarticular ligaments are distinguished

from each other as the anterior or lateral and the posterior or medial. They

cross each other like the limbs of an X, yet they remain distinct throughout,

and each has its own partial synovial covering. They lie within the articular

capsule, and extend between non-articular surfaces in relation to the longitudinal

axis of the limb.

The ligamentum cruciatum anterius (Figs. 317, 319, and 320) is attached distally

to the medial part of the rough, depressed area in front of and close to the inter-

condyloid eminence of the tibia. It passes obliquely proximally, laterally, and

backwards to the medial non-articular surface of the lateral condyle, where it

finds attachment far back in the posterior part of the intercondyloid notch. This
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Anterior coniu of
Transverse ligani' lateral meniscus

Anterior cornu of medial ^\ /

meniscus

ligament is tense in the position of extension, and therefore it assists in maintaining
the erect attitude.

The ligamentum cruciatum posterius (Figs. 317, 319, and 320) is somewhat shorter
than the preceding. It is altached distally to the posterior part of the depressed
surface behind the intercoudyloid eminence of the tibia and close to the popliteal
notch. Its fibres pass obliquely proximally, forwards, and medially, to be inserted
into the lateral non-articular surface of the medial condyle, far forwards towards
the anterior margin of the intercondyloid notch. It is rendered tense in the
position of Hexion.

The semilunar menisci are two in number—a medial and a lateral— placed
horizontally between tlie articular surfaces of the femur and tibia. In general
outline they correspond to the circumferential portions of the tibial facets upon
which they rest. Each has a thick, convex, fixed border in relation to the periphery
of the joint, and a thin, concave, free border directed towards the interior of the
joint. Neither of them is sufficiently large to cover the whole of the tibial articular
surface upon
which it rests.

The proximal
and distal sur-

faces of each

meniscus are

smooth and
free, and each

terminates in

an anterior and
a posterior
fibrous horn or

cornu.

Meniscus
Me dial is.

—

The medial
meniscus (O.T.

internal semi-

lunar fibro-carti-

lage)(Figs. 319
and 320) forms
very nearly a semicircle. It is attached by its anterior horn to the non-articular
surface on the head of the tibia, in front of the tibial attachment of the anterior

cruciate ligament, and by its posterior horn to the non-articular surface imme-
diately in front of the tibial attachment of the posterior cruciate ligament. The
deep or posterior part of the tibial collateral ligament is attached to its periphery.

Meniscus Lateralis.—The lateral meniscus (O.T. external semilunar fibro-

cartilage) (Figs. 319 and 320) is attached by its anterior horn to the non-articular
surface of the tibia in front of the intercondyloid eminence, where it is placed to

the lateral side, and partly under cover of the tibial end of the anterior cruciate
ligament. By its posterior horn it is attached to the interval between the two
tubercles which surmount the intercondyloid eminence, i.e. in front of the attach-
ment of the posterior horn of the meniscus medialis. This fibro-cartilage, with its

two horns, therefore forms almost a complete circle. Posteriorly it is attached by
its periphery to the posterior ligament, but on the lateral side it is separated from
the fibular collateral ligament by the tendon of the popliteus muscle, and on this

aspect its periphery is free.

The two horns of the lateral meniscus are embraced by the two horns of the
medial meniscus, and, while the anterior cruciate ligament has its tibial attachment
almost between the anterior horns of the two menisci, the tibial attachment of the
posterior cruciate ligament is situated behind the posterior horns of the two menisci.

Both menisci possess certain accessory attachments. Thus the lateral meniscus
sends a large bundle of fibres from its convex posterior border to augment the
posterior aspect of the posterior cruciate Ligament by which these fibres are
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conducted to the femur. Again, the convex or peripheral margins of each meniscus

possess certain attachments to the deep surface of the fibrous stratum of the capsule

on its medial and posterior aspects, as has already been explained, but, in addition,

they are attached to the non-articular circumference of the tibial head by short

fibrous bands known as the ligamenta coronaria. Lastly, a rounded band which

varies in strength, the lig. transversum genu (transverse ligament) (Figs. 317 and 320),

stretches between the anterior convex margins of the two menisci, crossing the front

part of the non-articular area on the tibial head in its course.

The stratum synoviale of the knee-joint is not only the largest, but the most

elaborately arranged of its kind in the body. It not only lines the fibrous stratum

of the capsule articularis, but it forms a more or less extensive covering for the intra-

capsular ligaments and the free surface of the infra-patellar pad of fat. This pad

acts as a wedge which fits into the interval between the patella, tibia, and femoral

condyles, and the synovial stratum upon its surface forms a band or fold which

extends from the region distal to the level of the patellar articular surface to the

anterior part of the intercondyloid notch. It is named the plica synovialis patellaris.

At its femoral end it is narrow and attenuated, but at its patellar end it expands

on each side to form wing-like fringes or membranes—the plicae alares—medial

and lateral. These folds are more or less loaded with fat.

Apart from these special foldings, the synovial stratum lines the deep surface

of the conimon extensor tendon, and extends for a variable distance proximal to the

patella. This extension of the articular cavity almost always communicates with a

large bursa situated still more proximally on the front of the femur. Tracing the

synovial stratum distally, it will be found to cover both surfaces of the two menisci.

The peripheral or convex margins of these menisci are only covered by this membrane
where they are unattached to the capsule. A prolongation invests the intracapsular

portion of the tendon of the popliteus muscle, and separates this tendon from the

posterior part of the tibial head, besides intervening between the lateral meniscus

and the head of the tibia.

From the posterior part of the articular cavity the synovial stratum extends

forwards, and provides a partial covering for the cruciate ligaments between which a

bursa may be found.

This somewhat complicated arrangement of the synovial stratum may be

readily comprehended if it is borne in mind that it really represents the fusion of

three separate synovial cavities, which in some animals are permanently distinct.

These are indicated in the two femoro-tibial and the single femoro-patellar parts of

the articulation.

The articular cavity may communicate with bursse situated in relation to the

medial head of the gastrocnemius muscle and the tendon of the semi-membranosus

muscle, besides the large supra-patellar bursa already described. Lastly, there

may be intercommunication between this articular cavity and that of the proximal

tibio-fibular articulation.

Movements at the Knee-Joint.—In studying tlie movements which may occur at the

human knee-joint, it is necessary to bear in mind that the lower limb of man is primarily required

for purposes of support and locomotion. The princii^al requirement of the former function is

stability accompanied by rigidity, whereas in the latter function the special desideratum is regu-

lated and controlled mobility. Thiis, in the same joint, two entirely opposite conditions have

to be provided. The stable conditions of support are chiefly concerned in the maintenance
of the erect attitude, and the mechanism associated therewith does not call for the exertion of a

large degree of sustained muscular effort.

In standing erect the attitude of the limb is that of extension, which mainly concerns the

femoro-tilnal parts of the joint. In this position the force of gravity acts along a vertical line

which falls in front of the transverse axis of the joint, and therefore any tendency to flexion, i.e.

bending backward.s, is mechanically counteracted by the application of a force which tends to

produce bending forwards (so-called over-extension). This, however, is absolutely prohibited in

normal states of the joint, by the tension of tlie posterior and collateral ligaments aided by the

anterior cruciate ligament. The value of this fact may be seen by observing the efftect produced

by giving the joint a sudden push from behind, which causes an immediate reversal of the

positions of the transverse and vertical axes, whereby the body weight at once produces flexion

of the joint.

The menisci and the infra-patellar pad of fat also assist in maintaining extension,

by reason of their close adaptation to, and packing round the condyles as tliese rest upon the tibia.
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Tlie anterior margin of tlie intercondyloid fossa is also brought into contact with the front of

the anterior cruciate ligament.

In the position of e.xten.'^ion the patella is retained at such a proximal level in relation to the
trochlear surface of the femur, that the distal articular facets of the patella are in contact with
the trochlea.

During locomotion the movements of the knee-joint are somewhat intricate, for both the
femoro-tibial and the femoro-patellar sections of the joint are brought into action. Tlie principal
movement which results is flexion, with which there is associated, both at its beginning and
ending, a certain auiount of screw movement or rotation. Flexion and rotation occur at the
femoro-ti1)ial sections of the joint, whereas the movement at the femoro-jiatellar portion produces
a regulating and controlling intluonce upon flexion.

Taking these factors separately, we oljserve that each femoral condyle adapts itself to a

shallow cup formed by the corresi)onding tibial condyle and meniscus, and as the two femoral
condyles move siuiultaneously and jjarallel to each other, there is more than the characteristic

hinge-joint action, for each femoral condyle glides and rolls in its cup " like a wheel restrained

by a drag" (Goodsir)- when the movement of bending occui-s. Thus the different parts of

the condyles are successively brought into relation with the transverse axis of the joint while it

passes from extension to flexion and vice versa. From -the fact that the medial femoral condyle
is longer than the lateral, it is believed that extension is completed by a movement of rotation

whereby the joint becomes locked, and the anterior cruciate, the posterior and the collateral

ligament.*, become tense. A similar rotation initiates the movement of flexion, and unlocks the
joint by relaxing the ligaments just mentioned.

Since the tiliia and foot are fixed in the act of walking, it is the femur which rotates upon
the tibia in passing from extension to flexion and vice versa ; and as relaxation of the ilio-femoral

ligament is essential for this rotation, some observers are of opinion that the body weight falls

behind the transverse axis of the knee-joint, as in the case of the hip-joint, and consequently that
extension of the knee-joint is maintained by the ilio-femoral ligament, as it is not possible to

bend the knee without first having bent the hip-joint.

During flexion and extension the menisci glide along with the condyles, so as to maintain
their close adaptation ajid preserve their value as packing agents. When the movement of flexion

is completed, the condyles are retained upon the tibia, and prevented from slipj^ing off by the
tension of the posterior cruciate ligament. In this position a small degree of rotation of the
tibia, both medially and laterally, is also permissible.

The regulating and controlling influence of the femoro-patellar portion of the articulation is

brought into play during the movements of flexion and extension. In the latter position the
distal pair of patellar facets is in apposition ^vith the proximal part of the femoral trochlea. As
flexion advances, the middle pair of facets adapt themselves to a deeper area of the trochlea, into
which the patellar keel fits. When flexion is still further advanced, the proximal pair of patellar

facets will be found fitting into that part of the trochlea adjoining the intercondyloid notch
;

and finally, when flexion is complete, the j^atella lies opposite the intercondyloid notch, while
the forward thrust of the longer medial femoral condyle brings its semilunar facet (Goodsir) into
apposition with the somewhat vertical facet at the medial border of the jiatella. The wedge-like
influence of the patella is most marked, for it is only in the position of extension that it can be
moved from side to side. The movements of the patella may be described as gliding and
co-aptation, as it slips or rocks from one pair of facets to another in its progress along the trough
of the femoral trochlea.

ARTICULATIONES TIBIOFIBULARES.

The Tibio-Fibular Joints.—The proximal and distal ends of the fibula articulate

with the tibia. Primarily, the fibula is required to form a strong lateral support
for the ankle-joint; and therefore its articulations are so arranged as to provide
a certain amount of elasticity without any sacrifice of the rigidity necessary
for security. Hence the amount of movement is very small, but what there is

enables these joints to be classified as arthrodial diarthroses.

Articulatio Tibiofibularis.—The proximal tibio-fibular joint is formed, on the

one hand, ))y a fiat oval or circular facet which is situated upon the postero-lateral

aspect of the lateral condyle of the tibia, and is directed distally and posteriorly

;

on the other hand, by a similar facet on the proximal surface of the head of the

fibula in front of the apex capituli.

An articular capsule (Fig. 317) invests the joint, and it may be regarded
as holding the articular surl'aces in apposition, although certain special bands
receive separate designations. Occasionally there is an opening in the stratum
tibrosum by which communication is established between tlie articular cavity and
the knee-joint, through the intermediation of the synovial prolongation, subjacent
to the tendon of the popliteus muscle.

The proximal epiphyseal line of the fibula is extra-capsular.
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Lig. Capituli Fibulae Anterius.—The anterior ligament of the head of the fibula

(Fig. 317) is a strong Hat band whose jfibres extend from the anterior aspect of

the fibular head, proximallj and medially, to the adjoining part of the lateral

condyle of the tibia.

Lig. Capituli Fibulae Posterius.—The posterior ligament of the head of the fibula

(Fig. 319) is a similar, but weaker band, passing, proximally and medially, from the

posterior aspect of the fibular head to the posterior aspect of the lateral condyle

of the tibia, where it is attached immediately distal to the opening in the

capsule of the knee-joint, from which the tendon of the popliteus muscle escapes.

Equally strong but much shorter bands are found on the lateral and medial

aspects of the joint. The former is intimately associated with the tendon of the
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—

Ankle-Joint dissectkd from behind with Part of the Articular Capsule removed.

biceps flexor cruris muscle which strengthens the lateral aspect of the joint, and

here also is found the occasional opening by which it communicates with the knee-

joint.

The synovial stratum is in certain cases continuous with that of the knee-

joint in the manner already described.

Membrana Interossea Cruris.—The interosseous membrane (Figs. 317 and 321)

plays the part of an accessory ligament both for the proximal and the distal tibio-

fibular joints. It is attached to the interosseous borders on the shafts of the tibia

and fibula, and binds them together. The general direction of its fibres is from the

tibia distally and laterally to the fibula, but many fibres pass in the opposite

direction. The membrane may extend upwards until it comes into contact with

the ligaments of the proximal tibio-fibular joint, but there is always a vertical oval

aperture in its proximal part for the forward passage of the anterior tibial vessels.
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This aperture (Fig. 317), which is .about oue inch long, adjoins the shaft of the
fibula at a point rather less than one inch distal to its head. Towards the distal

end of the leg the distance between the tibia and the fibula rapidly diminishes, and
consequently the width of the interosseous membrane is correspondingly reduced,

and it is tense throughout its entire length. In the distal part of the membrane
there is a small optming for the passiige of the ])erfurating peroneal vessels. There
is no sharply marketl demarcation between the interosseous membrane and the
interosseous ligament which connects the distal ends of the tibia and fibula—the
one, indeed, may be said to run into the other.

Syndesmosis Tibiofibularis.—The distal tibio-fibular joint is not on all occasions

provided with ariieular carliluge, so that it may either be a separate articulation, or

it may merely present a series of ligaments which are accessory to the (ankle-joint),

because it is clear that, under any circumstances, the object aimed at in this articu-

lation is to obtain additional .security for the ankle-joint. The articular surface on
the tibia, when present, constitutes a narrow articular strip on the lateral side of

the distal end of the bone, and the joint-cavity is practically an upward extension
of the ankle-joint. The corresponding fibular facet is continuous with the ex-

tensive articular area, by means of which the fibula articulates with the talus.

By far tlie greater part of the opposing surfaces of tibia and fibula are, however,
non-articular and rough.

The supporting ligaments are of great strength.

Lig. Malleoli Lateralis Anterius.—^The anterior ligament of the lateral malleolus

(O.T. anterior inferior tibio-fibular ligament) (Fig. o22) consists of strong fil)res which
pass obliquely distally and laterally from the front of the distal end of the tibia to

the front of the lateral malleolus.

Lig. Malleoli Lateralis Posterius.— The posterior ligament of the lateral

malleolus (O.T. posterior inferior tibio-fibular ligament) (Figs. 321 and 322) is equally
strong, and passes in a similar direction between corresponding posterior surfaces.

Lig. Malleoli Lateralis Distale.—The distal ligament of the lateral malleolus

(O.T. transverse inferior tibio-fibular ligament) (Figs. 321 and 322) stretches between
the posterior border of the distal end of the tibia and the proximal end of the
pit on the medial and posterior aspect of the lateral malleolus.

Ligamentum Interosseum.—An interosseous ligament, powerful and some-
what extensive, connects the contiguous rough non-articular surfaces. Proximally,
as already mentioned, it is continuous with the interosseous membrane. Anteriorly
and posteriorly it comes into contact with the more superficial ligaments. Distally
it descends until it comes into intimate association with the articular cavity.

A ssmovial stratum is found lining the small articular cavity, but it is always
a direct prolongation from that which lines the ankle-joint.

AETICULATIONES PEDIS.

ARTICULATIO TALOCRURALIS.

The ankle-joint is a ginglymus variety of a diarthrosis. The bones which enter

into its formation are the distal ends of the tibia and fibula, with the articular

areas on the superior, lateral, and medial surfaces of the talus. The tibia and
fibula, aided by the distal ligament of the lateral malleolus, form a three-sided socket

within which the talus is accommodated. The roof or most proximal part of the
socket, which is wider in front than behind, is formed, chiefly, by the quadri-

lateral articular surface on the distal end of the tibia, but towards its postero-

lateral margin the distal ligament of the lateral malleolus assists in its formation.

There also the tibial articular surface is continuous with the narrow articular

facet already described as forming part of the tibio-fibular syndesmosis. The
medial wall of the socket is formed by the articular facet on the lateral side of the

media] malleolus, and there is no interruption of the articular cartilage between
the roof and medial wall. The lateral wall of the socket is quite separate from
the foregoing parts, and consists of a large triangular facet upon the medial side
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of the lateral malleolus. This facet is situated immediately in front of the deep

pit which characterises the posterior part of this surface of the fibula.

A small lunated facet is frequently found upon the anterior surface of the distal end of the

tibia, particularly among those races characterised by the adoption of the " squatting " posture.

"When this facet exists it is continuous with the anterior margin of the roof of the socket, and it

articulates with a similar facet upon the superior surface of the neck of the talus in the

extreme flexion of the ankle-joint which "squatting" entails.

The articular surface upon the body of the talus adapts itself to the tibio-

fibular socket, and presents articular facets corresponding to the roof and sides of

the socket. Thus the superior surface of the talus possesses a quadrilateral

articular area, wider in front than behind, distinctly convex in the antero-posterior

direction, and slightly concave transversely. In addition, towards its postero-

lateral margin, there is also a narrow antero-posterior facet corresponding to the

distal ligament of the lateral malleolus. The articular cartilage of this superior

surface is continued without interruption to the tibial and fibular sides of the bone,

although the margins of the superior area are sharply defined from the facets on
the sides, the lateral of which

Anterior ligament of lateral malleolus
Anterior talo-

fibular ligament /aL;^^^,^i^~-^-^^^S^ Deltoi.l
Articular facet on X/a^^^tL^?^: - ^i«.v\^W ligament of
lateral malleolus\ y /w«,a^uamiu.,. ^mma^^^'^^^ /ankle-joint

Lateral
malleolus

CalcaneOrfibular
ligament

Posterior ligament
of lateral malleolus

Posterior talo-fibular

ligament

Medial
malleolus

Distal ligament of

lateral malleolus
Synovial pad of fat

Fig. 322.- -Articular Surfaces of Tibia and Fibula which
ARE OPPOSED TO THE TaLUS.

of

is triangular in outline,while

the medial is piriform, but

in each case the surface is

vertical.

Ligaments.— The liga-

ments form a complete in-

vestment for the joint, i.e.

a fibrous stratum of an
articular capsule in which
the individual parts vary

considerably in strength,

. and are described under

separate names. Their
proximal attachments are

the tibia and fibula, andrestricted to the epiphyses of the distal ends

epiphyseal lines are therefore extra-capsular.

The anterior ligament is an extremely thin membrane, containing very

lono-itudinal fibres. It extends from the distal border of the tibia to

the

few

the

dorsal border of the head of the talus, passing in front of a pad of fat which

fills up the hollow above the neck of that bone.

The posterior ligament is attached to contiguous non-articular borders of the tibia

and talus. Many of its fibres radiate medially from the lateral malleolus. This

aspect of the joint is strengthened by the strong, well-defined, distal ligament of the

lateral malleolus already described in connexion with the tibio-fibular syndesmosis.

The lateral ligament (Figs. 321, .322, and 324) is very powerful, and is divisible

into three fasciculi, which are distinguished from each other by names, descriptive

of their chief points of attachment.

Lig. Talofibulare Anterius.—The anterior fasciculus is the shortest. It

extends from the anterior border of the lateral malleolus to the talus immediately

in front of its lateral articular surface.

Lig. Calcaneofibulare.—The middle fasciculus is a strong and rounded cord.

It is attached by one end to the front of the tip of the lateral malleolus, and by

the other to the lateral side of the calcaneus immediately proximal and posterior

to the groove for the peroneal tendons.

Lig. Talofibulare Posterius.—The posterior fasciculus is the strongest. It

runs transversely between the distal part of the ibssa on the medial aspect

of the fibular malleolus and the posterior surface of the talus, where it is attached

to the posterior X)rocess and the adjoining rough surface. Sometimes this process

is detached from the talus, and represents a separate bone—the os trigonum.

Lig. Deltoideum.—'I'lie deltoid ligament is the medial ligament of the ankle-joint

(Figs. 322 and 323). It has the general shape of a delta, and is even stronger
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than the lattiral ligamuut. It ist attached proximally to a marked impression on

the distal part of the medial malleolus, and below, in a continuous layer, to the

navicular, talus and calcaneus. In it we may recognise the following special

bands - (rt) the Ivj. talotihiale anterms, whicli extends from tlie front of the medial

malleolus to the neck of the talus
; (&) the lig. talotihiale posterius, strtitching

between the back of the medial malleolus and the postero-medial rough surface

of the talus
;

(c) the lig. tibionaviculare, which extends from the tip of the medial

malleolus to the medial side of the navicular body
;
(d) the lig. calcaneotihiale,

vrhich extends between the tip of the medial malleolus and the medial side of

the sustentaculum tali
;

(e) lig. talotihiale profundum, which consists of deeper

fibres extending from the tip of the medial malleolus to the medial side of the

talus.

'

"^

A synovial stratum lines the fibrous stratum of the articular capsule and, as

) (A/ MiMli.'il surface of tibia

Deltoid ligament of tlie ankle

Tioehlear surfaoe of talus

Groove for tenilou of tibialis

posterior muscle on plantar
'i(^ calcaneo-naviciilar ligamentV ^ Groove and tunnel for the

tendon of flexor ballucis
loiigus muscle

^Calcaneus

Fig. 323.

liOng plantar ligaiaenl

Tendon of tibialis posterior muscle (cut)

Sustentaculum tali

-Anki.e and Tahsal-.Ji)ints from the Tibial Aspect.

already described, the articular cavity extends into the interval between the tibia

and tibubi distal to the tibio-fibular interosseous ligament. Both at the front

and back of the ankle-joint, as well as proximally in the angle formed by the

three bones, the synovial membrane covers pads of fat.

Movements at the Ankle -Joint.—In the erect attitude the foot is placed at right angles to

the leg ; in oilier words, llie noriiuil position of the ankle-joint is flexion. Those movements
which tend to diminish the angle so formed by the dor.snm of the foot and the front of the

leg are called dorsiflexion, while those which tend to increase the angle, i.e. to straighten the

foot upon the leg, are called extension. As a matter of fact neither dorsiflexion nor extension

is ever completely carried out, and the range of movement of which the foot is capable is limited

to about 90°. These movements occur about an obliquely transverse axis, as is indicated by the

natural lateral pointing of the toes. The weight of the body falls slightly anterior to the ankle-

joint, so that a certain amount of muscular action is necessitated in order to maintain the foot at

right angles to the leg ; but additional stability is obtained from the obliquity above mentioned.
When the foot is raised from the ground, muscular action tends naturally to produce a certain

amount of extension. When the foot is extended, as in standing on the toes, the posterior narrow
part of the talus moves forwards into the wider part of the interval between the tibia and
hbula, whereas in dorsiflexion, as in raising the anterior part of the foot from the groiuid, the

widest part of the talus is forced back between the tibia and fibula ; but notwithstanding the

difference between these two movements, the fibula remains in close contact with the talus by
reason of the action of the ligamentum malleoli lateralis distale and the posterior talo-fibular

ligament, so that lateral movement is prevented.

23
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It is doubtful whether lateral movement at the ankle-joint can be obtained by any natural
movement of the loot, although it is generally believed that in the position of partial extension
a small amount of side-to-side movement may be produced by the application of external force.

" This apparent play " of the ankle-joint during extension " is really due to oscillation of the
small bones of the foot on each other, largely of the navicular on the talus, but also of the
cuboid on the calcaneus. Excessive mobility of these latter is restrained by an important
function of the jjosterior tubercle of the cuboid which locks into a notch in the calcaneus

"

(Blake).

ARTICULATIONES INTERTARSEyE.

The intertarsal joints are all diarthroses in which the gliding movement is

characteristic, as in the carpus. With the view of obtaining a proper conception

of the many beautiful mechanical principles involved in the construction of the foot,

it is necessary to study these articulations with considerable attention to detail.
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Articular surface of talu

Posterior talo-fibular

ligament of ankle

Calcaneo-fibular
ligament of ankle

Posterior talo-calcaneal
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Aiticular surface of talus
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-,^ .'lalo-naviculai joint
-A^^^_ Lit 1 il calcaneo-navicular ligament—— Doisal cuneo-navicular

^^ ,_& nA\ iculo-cuboid ligaments

V ^~~^^ 2nd cuneiform

3rd cuneiform

Dorsal calcaneo-cuboid ligament

Calcaneo-cuboid joint

Tendon of pei onaus longus

Interosseous talo-calcaneal ligament

Talo-calcaneal joint
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Fig. 324.—Ligaments on the Lateral Aspect of the Ankle-Joint and on the Doesum of the Tabsus.

Articulatio Talocalcanea.—The talus and calcaneus articulate with each

other in the talo-calcaneal joint.

This joint is situated between the inferior facet on the body of the talus and

a corresponding facet on the superior aspect of the posterior part of the calcaneus.

On each bone the articulation is hmited in front by a wide, deep groove which

runs obliquely across each bone from the medial to the lateral side and forwards.

The supporting and investing ligaments form the fibrous stratum of an articular

capsule, consisting for the most part of short fibres, but the joint derives additional

strength from the calcaneo-fibular ligaments of the ankle-joint. The fibrous

stratum of the capsule is subdivided into the following talo-calcaneal bands :

—

The ligamentum talocalcaneum anterius consists of a band of short fibres

placed immediately in relation to the anterior end of the deep groove which

bounds the articular facets. They are attached to the antero- lateral aspect of

the neck of the talus, from which they extend downwards to the adjacent superior

surface of the calcaneus.

The ligamentum talocalcaneum laterale (Fig. 324) is in continuity with the

posterior border of the preceding ligament, and it is placed parallel to, but on
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a deeper plane than, the calcaneo-fibular ligament of the ankle-joint. It con-

sists of short fibres passing between the adjacent rough lateral margins of the two
bones.

The ligamentum talocalcaneum posterius (Fig. 324) closes the joint-cavity on
its posterior aspect. It consists ctf tibres which radiate from the posterior aspect

of tlie posterior process of the talus to the superior surface of the calcaneus,

immediately behind the articular facet.

The ligamentum talocalcaneum mediale lies obliquely on the medial side of the

joint, and consists of fibres which extend from the medial posterior tubercle of the

talus to the posterior roughened border of the sustentaculum tali. Some of its

fibres become continuous with the plantar calcaneo-navicular ligament.

The ligamentimi talocalcaneum interosseum (Fig. 325) closes the antero-medial

aspect of the joint. It is the strongest of the series of ligaments entering into the

capsule. Compared with it the other bands are, comparatively speaking, insigni-

ficant. Its attachments

are to the bottom of each

groove, so that it occupies

the tarsal canal formed by
these opposing grooves.

A synovial stratum lines

the fibrous stratum, and it

is distinct from other tarsal

synovial membranes.
Articulatio Talocal-

caneonavicularis. — This

is one of the most import-

ant of the joints of the

foot, not only because the
^"'*'"***''^""su'^L:e toTau.'s^

talus is here situated in

relation to the summit of

the antero- posterior arch

of the foot, but because the

head of the talus is received

into a composite socket

made up of the susten-

taculum tali, the navicular,

and the plantar calcaneo-

navicular ligament.

The articular surface

on the head of the talus presents anteriorly a convex rounded facet for articulation

%\*ith the navicular, inferiorly a convex facet which rests upon the sustentaculum

tali, and intermediate between these two there is a triangular facet which
articulates with the plantar calcaneo-navicular ligament. All these facets are

in continuity with each other, and are in front of the tarsal groove on the inferior

surface of the talus. Occasionally a fourth narrow facet is found along the Literal

and posterior part of the articular surface of the head of the talus, whereby it

articulates with the calcaneo-navicular part of the bifurcate ligament.

The navicular bone presents a shallow, cup-shaped, articular cavity towards the

head of the talus.

The articular surface of the sustentaculum tali is concave, and is usually marked
off into two facets.

Two Ugaments play an important part in binding together the calcaneus and
the navicular, although these bones do not directly articulate ; and further, these

ligaments provide additional articular surfaces for the head of the talus. These

are the two following :
-

(a) The ligamentum calcaneonaviculare plantare (Figs. 325 and 326) is an

extremely powerful fibro- cartilaginous band. It extends between the anterior

margin of the sustentaculum tali and the plantar surface of the navicular. Certain

of its upper fibres radiate upwards on the medial surface of the navicular, and

Calcaneus

Fig. 325. -The Composite Articular Socket for the Head of

THE Talus.
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become coutiuuous with the tibio-navicular portion of the deltoid ligament of

the ankle-joint. The plantar aspect of this ligament is in contact with the tendon

of the tibialis posterior muscle, through which the head of the talus receives great

support. Superiorly it contributes an articular surface which forms a triangular

portion of the floor of the composite socket in which the head of the talus is

received.

(b) The calcaneo-navicular part of the bifurcate ligament (Fig. 325) lies deeply in

the front part of the sinus tarsi, i.e. the interval between the talus and calcaneus.

Its fibres are short, and extend from the dorsal surface of the front part of the
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Plantar Aspect of Tarsal and Tarso-metatarsal Joints.

calcaneus, immediately to the lateral side of the sustentacular facet, forwards to

the lateral side of the navicular bone. Frequently the ligament presents a surface

which articulates with the head of the talus, and in these cases it forms a part of

the composite socket.

The cavity of the talo-calcaneo-navicular joint is closed posteriorly by the

interosseous talo-calcaneal ligament already described. On its medial and lateral

inferior aspects it is closed by the calcaneo-navicular ligaments.

The superior and lateral aspects are covered by the ligamentum talonaviculare

dorsale. This ligament is thin, and extends from the proximal non-articular area

on the head of the talus to the dorsal surface of the navicular bone. It may be

subdivided into dor.sal, lateral, and medial talo-navicular bands (Fig. 324), which,

with the calcaneo-navicular and interosseous talo-calcaneal ligaments, complete

the capsular investment of the joint.
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A distinct synovial stratum lines all parts of the capsule of the joint.

Articulatio Calcaneocuboidea.—This is situated between tlie anterior con-

cavo-convex surt'acc of Llic calcaneus and the posterior similar surlace of the
culioid.

The ligaments which invest this joint constitute a calcaneo-cuboid capsule, wliose

parts are arranged in relation to the four non-articular sides of the cuboid bone,

and are especially strong upon the plantar aspect, in relation to their great import-
ance in resisting strains.

The medial calcaneo-cuboid ligament occupies part of the interval between
the talus and calcaneus—the sinus tarsi. It is the calcaneo-cuboid part of tlie lig.

bifurcatimi, and Ls a V-shaped structure, of which the single end is attached to

the calcaneus, and the double ends separate to reach contiguous areas on the

navicular and cul»oid res])ectively.

Tlie dorsal calcaneo-cuboid ligament (Fig. 324) is a broad portion of the fibrous

stratum of the ca})sule extending from the dorsal and lateral surfaces of tlie

calcaneus to the dorsal surface of cuboid.

The lateral calcaneo-cuboid ligament is another but narrower part of the

capsule which extends from the lateral aspect of the calcaneus to the lateral side

of the cuboid, immediately behind the facet on the tuberosity.

The inferior calcaneo-cuboid ligament consists of two parts—a superficial and
a deep. The superficial series of fibres, the long plantar ligament (Fig. 326), is

attached to the plantar surface of the calcaneus in front of the processes of the tuber
calcanei. It forms a long powerful structure which runs forwards to be fixed to

the plantar surface of the cuboid ridge, but many of its fibres pass superficial to the

tendon of the peronteus longus, and extend to the bases of the third, fourth, and
tifth metatarsal bones.

The deep series of fibres, the plantar calcaneo-cuboid ligament (O.T. short plantar

ligament) (Fig. 326), is distinctly separated from the long plantar ligament by a layer

of areolar tissue. It forms a broad but short band of great strength, which is

attached to the plantar surface of the distal end of the calcaneus, and extends
to the plantar surface of the cuboid just behind the ridge. Both of these hgaments
are of great importance in maintaining the longitudinal arch of the foot, and in this

respect are only second to the plantar calcaneo-navicular ligament.

A synovial stratum lines the capsule.

Articulatio Tarsi Transversa (Choparti).—This is a term sometimes applied

to the talo-navicular and calcaneo-cuboid joints. These articulations do not
communicate with each other ; and although there is an occasional direct articula-

tion between the navicular and cuboid, it does not constitute an extension of

the transverse tarsal joint, but is a prolongation from the series of cuneo-navicular
and cuneo-cuboid articulations.

Nevertheless there is always a set of ligaments which bind the navicular and
cuboid bones together, and these may be regarded as accessory to the various

transverse tarsal joints.

The dorsal cuboideo - navicular ligament (Fig. 324) consists of short oblique

fibres which attach the contiguous dorsal surfaces of the cuboid and navicular

bones.

The plantar cuboideo - navicular ligament is transverse in direction, and extends
between adjacent plantar areas of the cuboid and navicular bones.

The interosseous cuboideo - navicular ligament intervenes between contiguous
surfaces of the same bones. When there is an extension of the cuneo-navicular joint

backwards l)etween the navicular and cuboid, it is situated in front of the last-

mentioned ligament, and is called the articulatio cuboideonavicularis. Around
this joint the preceding ligaments are grouped. Since, however, the joint is

inconstant while the ligaments are always present, it is preferable to consider them
as above indicated.

Articulatio Cuneonavicularis. — The cuneo - navicular articulation joint is

sitiuited between the navicular and the three cuneiform bones. The anterior surface

of the navicular presents a facet for each of the cuneiform bones, but its articular

surface is not interrupted. These facets form a somewhat convex anterior surface
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which fits into the shallow articular concavity presented by the proximal ends of

the three cuneiform bones. This joint may be extended by the occasional

cuboideo-navicular articulation abeady referred to.

The fibrous stratum of the articular capsule is composed of short strong

bands which are distinctly visible on all sides except towards the cuboid bone,

where the joint may communicate with the cuneo-cuboid and cuboideo-navicular

joints. Anteriorly the joint communicates with the intercuneiform articulations.

The dorsal parts of the capsule are short longitudinal bands termed dorsal

cuneo- navicular ligaments (Figs. 323 and 324). These extend without interrup-

tion to the medial aspect of the joint. Inferiorly there are similar bands,

known as plantar cuneo - navicular ligaments, also longitudinal in direction,

but intimately associated with offsets from the tendon of the tibialis posterior

muscle.

The ssmovial stratum which lines the fibrous stratum sends prolongations

forwards on each side of the second cuneiform bone, and in addition it often

communicates with the cuneo-cuboid joint cavity, and it always communicates

with the cuboideo-navicular cavity when that joint exists.

Articulationes Intercuneiformeae.—These are two in number, and exist

between adjacent contiguous surfaces of the three cuneiform bones. These surfaces

are partly articular and partly non-articular. The small size of the second

cuneiform bone allows the first cuneiform as well as the third cuneiform to project

forwards beyond it, one on each side, and therefore the articular surfaces turned

towards the second cuneiform are not entirely occupied by that bone. They form

a recess facing the metatarsus, into which the base of the second metatarsal bone

is thrust.

Ligamenta intercuneiformea dorsalia constitute fairly strong transverse bands

which extend between adjacent dorsal surfaces and invest the joint cavities in this

direction.

The ligamenta intercuneiformea plantaria are two strong bands which pass

from the rough non-articular areas on opposite sides of the second cuneiform

to the opposing surfaces of the first and third cuneiform bones. These ligaments

shut in the joint cavities inferiorly, and also anteriorly in the case of the lateral

of the two joints.

The ligamenta intercuneiformea interossea are bonds which bind together adjacent

cuneiform bones.

The synovial stratum is an extension of that which lines the cuneo-navicular

joint ; but while it is restricted to the lateral of the two joints, in the case of the

medial one it is prolonged still farther forward to the tarso-metatarsal series of

joints.

Articulatio Cuneocuboidea.—This occurs between the rounded or oval facets

on the opposing surfaces of the cuboid and third cuneiform.

The ligamentum cuneocuboideum dorsale is a flat, somewhat transverse band

which closes the joint on its dorsal aspect, and extends between the dorsal

surfaces of the two bones.

The ligamentum cuneocuboideum plantare is difficult to determine. It is

situated deep to the long plantar ligament, and extends between adjacent rough

surfaces of the two bones.

The ligamentum cuneocuboideum interosseum is the strongest. It closes the

joint cavity anteriorly, and is attached to the contiguous non-articular surfaces

of the two bones.

The synovial stratum is frequently distinct, but at other times the joint

cavity communicates with those of the cuneo-navicular and cuboideo-navicular

articulations.

Synovial Strata of the Intertarsal Joints.—Four and sometimes five distinct

and separate synovial strata may thus be enumerated in connexion with

the tarsal articulations, viz. : (1) talo-calcaneal
; (2) talo-calcaneo-navicular ; (3)

calcaneo-cuboid
; (4) cuneo-navicular and its extensions

; (5) occasionally cuneo-

cuboid.
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ARTICULATIONES TARSOMETATARSE/E.

The tarsometatarsal joints are found between certain articular facets on the

cuboid and three cuneiform bones on the one hand, and others on the bases of the

five metatarsal bonus. These articulations are associated with three distinct

synovial cavities—namely, a medial, hiteral, and interme(Uate.

(1) The medial tarso-metatarsal articulation occurs between the anterior

convex reniform surface of the first cuneiform bone and the concavo-reniform surface

on the posterior aspect of the base of the first metatarsal bone.

Ligaments which form the fibrous stratum of the articular capsule surround the

articulation. In the capsule the ligamenta tarsometatarsea dorsalia et plantaria

are its strongest parts, but it is not deficient either on the niedial or on the lateral

aspects.

A separate synovial stratum line.s the filjrous stratum.

(2) The intermediate tarso-metatarsal articulation is an elaborate joint. It

involves the three cuneiform bones and the bases of the second, third, and part of

the fourth metatarsal bones.

The articulation presents the outline of an indented parapet both on its tarsal

and its metatarsal aspects. Thus, on its tarsal side, the first and the third cunei-

form bones project in front of the second cuneiform, so that the latter only presents

a distal surface to the articulation ; while the first cuneiform presents a portion of

its lateral surface, and the third cuneiform presents both its distal and portions of

its lateral and medial surfaces, since it projects in front of the cuboid bone. On its

metatarsal side the base of the second metatarsal bone fits into the indentation

between the third and first cuneiforms, to which it presents lateral and medial

articular facets, but its posterior facet rests upon the anterior facet of the second

cuneiform. The base of the third metatarsal bone rests its posterior facet upon the

third cuneiform. The fourth metatarsal base presents part of its medial facet to the

lateral side of the third cuneiform. In this way the indentations alternate on the

two sides of the articulation, and an extremely powerful interlocking of parts is

provided, which places any marked independent movement of these metatarsal bones

entirely out of the question.

The ligamenta tarsometatarsea dorsalia are broad, flat bands which represent the

most distinct part of the fibrous stratum of an investing articular capsule. They
pass from behind forwards, and while the second metatarsal bone receives three,

i.e. one from each cuneiform, the third metatarsal only receives one—from the third

cuneiform.

The ligamenta tarsometatarsea plantaria correspond with the foregoing in their

general arrangement, but they are weaker. That for the second metatarsal is the

strongest. Oblique bands extend from the first cuneiform bone to the second and
third metatarsals.

The ligamenta cuneometatarsea interossea are three in number. The medial

connects the lateral side of the first cuneiform with the medial side of the base of

the second metatarsal bone. The middle connects the medial side of the third

cuneiform with the lateral side of the base of the second metatarsal. The lateral

connects the adjacent lateral sides of the third cuneiform and third metatarsal.

The stratum sjmoviale, which lines this articulation, sends a prolongation back-

wards between the first and second cuneiform bones, where it opens into the cuneo-

navicular joint. It is likewise prolonged forwards upon both sides of each of the

bases of the second and third metatarsal bones.

(3) The lateral tarso-metatarsal articulation is found between the proximal

surfaces of the bases of the fourth and fifth metatarsal bones and the distal surface

of the cuboid.

The fibrous stratum of the investing articular capsule may be resolved into the

following ligaments :

—

The ligamenta tarsometatarsea dorsalia resemble those already described. The
base of the fourth metatarsal receives one from the third cuneiform and one from

the cuboid. The base of the fifth metatarsal receives one from the cuboid.
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The ligamenta taxsometatarsea plantaria are the weakest bands of the series, and
consist of scattered fibres passing from the cuboid to the bases of the two metatarsals.

Some fibres, which are ahiiost transverse, extend from the third cuneiform to the

fifth metatarsal, and additional fibres reach the fifth metatarsals from the long

plantar ligament.

Occasionally the tarsal end of the ligamentum cuneometatarseum interosseum

laterale is attached to the medial margin of the cuboid.

The synovial stratum is restricted to this articulation, and merely sends a pro-

longation forwards between the opposing articular surfaces of the fourth and fifth

metatarsal bases.

ARTICULATIONES INTERMETATARSE^.

The intermetatarsal articulations are found between adjacent lateral aspects

of the bases of the four lateral metatarsal bones. The articular facets are Small,

oval, or rounded surfaces which occupy only a limited portion of the flattened con-

tiguous surfaces of the bones. Each joint is provided with an articular capsule,

which, however, is not a complete investment, because the three joint cavities are in

free communication on their proximal aspects with the tarso-metatarsal joint cavities

—one with the lateral and two with the intermediate. The definite fibres of each

fibrous stratum are situated chiefly in the transverse direction

The ligamenta basium dorsalia are short bands which extend from one base to

the other.

The ligamenta basium plantaria and the ligamenta basium interossea are similarly

arranged, but the interosseous ligaments are the strongest and most important

members of this series.

The synovial stratum of each capsule is an extension from the lateral and inter-

mediate tarso-metatarsal joints.

Frequently a bursa is found between the bases of tbe first and second metatarsal bones. It

produces an appearance of indistinct facetting upon these bones, and it may communicate with
the first cuneo-metatarsal joint.

The ligamentum metatarsals transversum (transverse metatarsal ligament) lies upon,

and is attached to, the non-articular plantar aspects of the heads of all the meta-

tarsal bones. It differs from the corresponding ligament in the palm in the fact

that it binds all the metatarsal bones together, whereas in the palm the thumb is

left free. It is closely associated with the plantar fibrous plates of the metatarso-

phalangeal joints, to the plantar surfaces of which it contributes prolongations.

ARTICULATIONES METATARSOPHALANGE^.

Metatarso-phalangeal Joints.—Each of these joints is a modified ball-and-

socket in which a shallow cup upon the bases of the first phalanges receives the

somewhat globular head of a metatarsal bone.

Each joint retains a modified articular capsule which invests the joint. Its

only distinct bands of the fibrous stratum are the ligamenta collateralia. These are

strong cord-like bands which are situated on the medial and lateral sides of each

joint, where they extend between adjacent rough surfaces.

On the dorsal aspect, ligaments distinct from the dorsal expansion of the ex-

tensor tendons can hardly be said to exist. The plantar aspect of the capsule

consists of a thick fibrous plate strengthened by transverse fibres to form the plantar

accessory ligament, which in the case of the great toe presents developed within it

two large sesamoid bones. In the other toes this plate remains fibrous throughout,

and is grooved on its plantar aspect for the accommodation of the long flexor

tendons. It will thus be seen that the metatarso-phalangeal joints are constructed

upon a plan very similar to that of the corresponding joints in the hand.

A synovial stratum lines the capsule of each articulation ; and the epiphyseal

lines of the metatarsals and phalanges are extra-capsular.
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ARTICULATIONES DIGITORUM PEDIS.

Interphalangeal Joints.- Each toe possesses two interphalangeal joints except

the great toe, which has only one. Not infrequently in the little toe the distal

joint is obliterated through ankylosis. All the joints of this series are uniaxial or

hinge joints. The nature of the articular surfaces closely resembles the correspond-

ing joints in the fingers.

Each joint possesses an articular capsule which is either very thin or limited to

the synovial stratum on the dorsal aspect. The plantar surface of the capsule is

strengthened by a fibrous plate. The ligamenta collateralia are well-defined bands
similar to those already described in connexion with the metatarso-phalangeal

joints.

A synovial stratum lines each capsule in the series. The epiphyseal lines are

extra-capsular.

Mechanism of the Foot.—The bones of the foot are arranged in the form of a longitudinal
and a transverse arch. The longitudinal arch is built on a very remarkable j^lan. Po.steriorly

the mass of tlie calcaneus constitutes a rigid and stable pier of support, wliile anteriorly, by in-

creasing the number of component parts, the anterior pier acquires great flexibility and elasticity

witliout sacrificing strength or stability. The summit of the arch is formed by the talus, wliich
receives the weight of the body from the tibia, and tlie resilience of the arch is assured by the
calcaneo - navicular, calcaneo-cuboid, and long plantar ligaments, together with the plantar
aponeurosis, which act as powerful braces or tie-bands, preventing undue separation of the piers

ot the arcli, and consequent flattening of the foot. The weight of the body is distributed over
all the five digits, owing to the arrangement of the bones of the foot in two parallel columns, a
medial and a lateral. The former, consisting of the talus, navicular, and the three cuneiforms,
with the three medial metatarsal bones, distributes weight through the talo-navicular joint,

while the latter {i.e. the lateral column), comprising the calcaneus, cuboid, and the two lateral

metatarsal bones, acts in a similar manner through the talo-calcanean joint. The main line of
immobility of this arch passes from the heel forwards through the middle toe, but its anterior
section, which is slender, is supported on either side by two metatarsal bones, with their proximal
tarsal associations, in all of which greater freedom of movement is found. The transverse arch
is most marked at the level of tarso-metatarsal articulations. The intersection of these two
arches at right angles to each other introduces an architectural feature of great importance in

connexion with the support of heavy weights. These longitudinal and transverse arches of the
foot are in eff"ect " vaults " intersecting each other at right angles, and in relation to the area
which is common to both " vaults " the body weight is superposed exactly as the dome of a
cathedral is carried upon two intersecting vaults.

Movements at the Joints of the Tarsus, Metatarsus, and Phalanges.—Considered in

det<ail, the amount of movement which takes place between any two of these bones is extremely
small, and, so far as the tarsus and metatarsus are concerned, it is mostly of the nature of a
gliding motion.

At the metatarso-phalangeal and interphalangeal joints movement is much more free, and
is of the nature of flexion (bending of the toes towards the sole of the foot, i.e. plantar flexion)

and extension. The latter movement when continued so as to raise the toes from the ground,
and bend or approximate them towards the front of the leg, is termed dorsiflexion. Coincident
with dorsiflexion there is always a.ssociated a certain amount of spreading of the toes, which is

called abduction, and similarly with prolonged flexion there follows a diminution or narrowing
of the transverse diameter of the anterior part of the foot by drawing the toes together— a move-
ment termed adduction. In the foot the movements of abduction and adduction take place in

regard to a plane which Vnsects the foot antero-posteriorly through the second toe, for this toe

carries the first and second dorsal interosseous muscles.

Notwithstanding the small amount of possible movement in connexion with individual
tarsal and metatarsal joints, yet the sum total of these movements is considerable as regards the
entire foot. In this way the movements of inversion and eversion of the foot result. By
inversion we mean the raising of the medial border of the foot so that the sole looks medially,
while the toes are depressed towards the ground, and the lateral boi-der of the foot remains down-
wai-ds. This takes place chiefly at the talo-calcanean joint, but the transverse tarsal joints also

participate.

Eversion is chiefly the opposite of inversion, and the return of the foot to the normal position
of the erect attitude ; but under certain conditions it may be carried further, so that the lateral

border of the foot is raised from the ground, while the medial border is depressed. In both of these

movements there is rotation between the talus and calcaneus about an oblique axis which
passes from the medial side of the neck of the talus to the lateral and inferior part of the
calcaneus.

Of course, all the movements of the foot are subordinated to its primary functions as an organ
of support and progression. For these purposes its longitudinal and transverse arches are of
extreme importance. The longitudinal arch resting on the calcaneus behind and the heads of

24
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the metatarsal bones in front receives the weight of the body, as already explained, on the summit

of the talus in the line of the third toe. Hence it is that the medial malleolus appears to be

unduly prominent on the medial side of the ankle. The transverse arch buttresses the longitudinal

one, and therefore, whether the body weight fall to the lateral or the medial side of the longitudinal

arch, it is supported by a mechanism at once stable, flexible, and elastic, or resilient, and capable

of reducing to a minimum all jars that may be received by the fore part of the foot. As the heel

is raised in the act of walking, the weight is gradually transferred from the lateral to the medial

side of the foot, until the foot finally leaves the ground with a propulsive movement, which

results from flexion of the phalanges of the great toe. In this connexion it is worthy of note

that the longitudinal line of greatest strength is on the medial side of the longitudinal arch, i.e.

in relation to the great toe.



THE MUSCULAR SYSTEM.

IVIYOLOGY.

By A. M. Paterson.

TuE movements of the various parts and organs of the body are brought about by

the agency of muscle-cells, which are characterised by a special histological structure

and by the special function of contracting in length under the influence of a proper

stimulus.

There are three classes of muscle-cells : (1) the striated, and usually voluntary

muscle-cells, out of which the skeletal muscular system is constructed
; (2) the non-

striated, involuntary muscle-cells, occurring in the walls of vessels and hollow

viscera, etc. ; and (3) the cardiac muscle-cells, striated but involuntary, of which the

substance of the heart is composed.

The following section deals solely with the skeletal muscles, the structure,

arrangement, and mechanical action of which are based upon a common plan.

The cells of which the skeletal muscles are composed are long, narrow, and

characterised by a peculiar striation, which is different from the striation of

the muscle-cells of the heart ; they also differ both in structure and function

from the non-striated muscle-cells which occur in viscera and vessels.

A typical skeletal muscle consists of a fleshy mass enveloped in a membranous

aponeurosis or fascia, and provided at its extremities or borders with membranous

or tendinous attachments to bone, cartilage, or fascia.

Each muscle is made up of a number of fasciculi or bundles, arranged together

in different muscles in different ways, so as to give rise to the particular form of

the muscle in question. The fasciculi are clothed and connected together by a

delicate connective tissue, the perimysimn externum, continuous externally with the

fascia enclosing the muscle.

Each muscular bundle or fasciculus is composed of a number of narrow, elon-

gated muscle-cells or fibres, held together by a still more delicate connective tissue,

the perimysium internum. This tissue is connected on the one hand with the sarco-

lemma or cell-wall of the muscle-cell, and on the other hand with the coarser

tissue of the perimysium externum enclosing the muscular bundles.

By means of these connective tissue envelopes the musple-cells, the essential

agents of motor activity, are brought into firm and intimate relation with the

osseous or other attachments of the muscle. Through the agency of sarcolemma.

perimysium internum, perimysium externum, fascia, and tendon, the muscle-

cell when it contracts can produce a precise and definite effect upon the structure

to be moved.
Each muscle is supplied by one or more nerves, which, in their course

through the muscle, separate into smaller and smaller branches, ultimately, by

their terminal filaments (axons), forming special end-organs in relation to each

muscle-cell.

While a muscle may thus be looked upon as an organ endowed with particular

properties, and executing a definite movement in response to a stimulus by the

simultaneous contraction of its constituent cells, the various muscles may further

be considered in groups, associated together by mode of development, nerve-supply,

and co-ordination of action. For example, we speak of the hamstring muscles of

363
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the thigh, the muscles of the back, and the prevertebral rauscles,—groups in which
separate muscles are associated together by development, nerve-supply, and action.

In their development the separate muscles arise from the subdivision of a larger

stratum, as in the limbs, or from the fusion of segmental elements (myotomes), as in

the case of the axial muscles. The peripheral nerves supplying skeletal muscles are

distributed, through the plexuses or directly, so as to associate particular muscles
morphologically and physiologically, and to secure a co-ordinated movement by the
simultaneous contraction of several muscles.

FASCIiE.

Beneath the skin there are two (or in some regions three) layers of tissue which
require consideration in relation to the muscular system : the superficial fascia

(panniculus adiposus), the deep fascia, and, in animals, the panniculus carnosus
(rudimentary in man, and represented chiefly by the platysvia in the neck).

Fascia Superficialis (Superficial Eascia).—The superficial fascia is a continuous
sheet of areolar tissue which underlies the skin of the whole body. It is closely

adherent to the cutis vera, and is sometimes termed panniculus adiposus, from the
fact that, except beneath the skin of the eyelids, penis, and scrotum it is usually

more or less impregnated with fat. The cutaneous vessels and nerves ramify in

this fascia ; and its deep surface, membranous in character, is in loose connexion
with the subjacent deep fascia. It is in this layer that dropsical effusions chiefly

occur.

Fascia Profunda (Deep Fascia).—Underneath the skin and superficial fascia

is a fibrous membrane, bluish white in colour, devoid of fat, and |in closest relation

to skeleton, ligaments, and muscles. This is the deep fascia. It covers, invests,

and in some cases forms the means of attachment of the various muscles. It has a

special tendency to become attached to all subcutaneous bony prominences, and
to be continuous with the connecting ligaments. It forms septal laminae, which
separate groups of muscles and individual muscles ; enclose glands and viscera

;

and form sheaths for vessels and nerves. Around joints it gives rise to bands
which strengthen the capsule or Limit the mobility of the joint, or, as in the region

of the wrist and ankle, bind down the tendons passing over the joint. It not only
ensheathes vessels and nerves, but is perforated by those which pass between super-

ficial and deeper parts.

The term aponeurosis is used in relation to muscles. It is synonymous with deep
fascia, either as an investing fascia, or as a membranous layer which {e.g. vertebral

aponeurosis) performs at one and the same time the purpose of a deep fascia and
the expanded membranous attachment of a muscle.

The panniculus carnosus is a thin muscular layer enveloping the trunk of

animals with a hairy or furry coat. It is strongly developed in the hedgehog. In
man it is represented mainly by the (rudimentary) platysma. It is placed between
the superficial and the deep fascia.

Bursse.—Where a tendon passes over a bony surface, or where the superficial

fascia and skin cover a bony prominence, there is generally formed a mucous
(synovial) sac, or bursa, containing fluid, for the purpose of lubricating the surface

over which the tendon or fascia glides. Allied to these are the mucous or synovial

sheaths which envelop the tendons passing over the wrist and the ankle joints.

Description of Muscles.—In studying the muscular system it is necessary to

note the following characters in reference to each individual muscle : (1) The shape
of the muscle—flat, cylindrical, triangular, rhomboidal, etc. ; and the character of

its extremities—membranous, tendinous, or fleshy. (2) The attachments of the

muscle. The origin is the more fixed or central attachment : the insertion is the

more movable or peripheral attachment. (3) The relations of the surfaces and
borders of the muscle to bones, joints, muscles, and other important structures.

(4) Its vascular and nervous supply ; and (5) its action. It must be borne in mind
that hardly any single muscle acts ahjne. Each muscle, as a rule, forms one
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of a group acting more or less in harmony with, and antagonised by, other and

opposite groups.

DESCRIPTION OF THE MUSCLES.

The skeletal muscles may be divided into two series : axial and appendicular.

The axial muscles comprise the nmscles of the trunk, head, and face, including

the panniculus carnosus (platysma). These muscles are more or less segmental

in arrangement, and are grouped around the axial skeleton. The appendicular

muscles, tlie muscles of the limbs, are grouped around the appendicular skeleton.

They are not segmental in arrangement, they are morphologically separate from

the axial muscles, and they are arranged in definite strata in relation to the bones

of the limbs.

'appendicular muscles.

THE UPPER LIIVIB.

FASCI-a: AND SUPERFICIAL MUSCLES OF THE BACK.

Fasciae.

The superficial fascia of the back presents no peculiarity. It is usually

of considerable thickness, and contains a quantity of fat.

The deep fascia closely invests the muscles. It is attached in the median
plane of the back to the ligamentum nuchse, supraspinous ligaments, and vertebral

spines ; laterally it is attached to the spine of the scapula and to the clavicle, and
is continued over the deltoid region to the arm. In the neck it is attached,

above, to the superior nuchal line of the occipital bone, and is continuous, laterally,

with the deep cervical fascia. Below the level of the shoulder it is continuous,

round the border of the latissimus dorsi muscle, with the fascia of the axilla and
of the abdominal wall. In the back and loin it constitutes the fascia lumbodorsalis

or aponeurosis of the latissimus dorsi. This layer conceals the sacrospinalis

muscle, and is attached medially to the vertebral spines, and laterally to the angles

of the ribs, and to the iliac crest.

The Superficial Muscles of the Back.

The muscles of the back are arranged in four series according to their attach-

ments: (1) vertebro-scapularand vertebro-humeral; (2) vertebro-costal; (3)vertebro-

cranial ; and (4) vertebral. The first of this series consists of the posterior muscles

connecting the superior extremity to the trunk, and comprises the first two layers

of the muscles of the back—(1) trapezius and latissimus dorsi, and (2) levator

scapulae and rhomboidei (major and minor). The deeper (axial) muscles of the

back are dealt with later (p. 437).

M. Trapezius.—The trapezius is a large triangular muscle which lies in the

upper part of tlie back. It arises from the superior nuchal line of the occipital

bone in its medial third, from the external occipital protuberance (Fig. 396,

p. 444), from the ligamentum nuchse, from the spines of the seventh cervical and
all the thoracic vertebrae, and the intervening supraspinous ligaments. The origin

is by direct tieshy attachment, except in relation to the occipital bone, the lower

part of the neck, and the lower thoracic vertebrae, in which places the origins are

tendinous.

From their origins the muscular fibres converge towards the bones of the

shoulder, to be inserted continuously from before backwards as follows : (1) The
occipital and upper cervical fibres—into the posterior aspect of the clavicle in its

lateral third (Figs. 327, p. 366, and 329, p. 368) ; (2) the lower cervical and
upper thoracic fibres— into the medial border of the acromion, and the upper

border of the spine of the scapula ; and (3) the lower thoracic fibres, by a
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triangular flat tendon, beneath which a bursa is placed—into a rough tuberosity

at the base of the spine of the scapula (Fig. 328, p. 367). The fibres inserted

into the clavicle, acromion, and the upper border of the spine of the scapula spread

over the adjacent subcutaneous surfaces of those bones for a variable distance.

The occipital portion of the muscle may be in the form of a separate slip, or may
be entirely absent.

The trapezius is superficial in its whole extent. Its upper lateral border forms

the posterior limit of the posterior triangle of the neck. The inferior lateral border,

passes over the upper edge of the latissimus dorsi and the vertebral margin of the

scapula, and forms a boundary of the so-called triangle of auscultation, which is

completed, below, by the latissimus dorsi, and, laterally, by the vertebral margin of the

scapula. This space is partly filled up by the rhomboideus major. The muscle

overlaps the latissimus dorsi, and covers the levator scapulae, rhomboidei, and the

deeper axial muscles of the back, along with the ascending and the descending

branch of the transverse artery of the neck, the accessory nerve, and muscular
branches from the cervical plexus.

Nerve-Supply.—The trapezius lias a double nerve-supply : (1) from the terminal fibre^^of

the accessory nerve, and (2) from the cervical plexus (C. 3. and 4.). The cervical nerves communi-
cate with the accessory nerve in the posterior triangle of the neck and beneath the trajjezius.

Action.—The main action of the trapezius is to draw the scapula backwards and upwards.
The ujjper fibres of the muscle elevate the shoulder-girdle, while the lower fibres, pulling on the
base of the spine of the scapula, depress the vertebral margin ; the two movements result in a

rotation of the scapula, by which the glenoid cavity is tilted upwards, as in the movement of

raising the arm above the head in a forward direction.

M. Latissimus Dorsi.

—

The latissimus dorsi is a large triangular muscle
occupying the lower part of the back. It has a triple origin. The greater part

Pectoralis major (origin)

Trapezius (insertion)-

FiG. 327.

—

Muscle-Attachments to the Right Clavicle (Upper Surface).

of the muscle arises—(1) from the posterior layer of the lumbo-dorsal fascia. This

is a thick membrane which conceals the sacrospinalis muscle in the lower part of

the back. Through it the latissimus dorsi gains attachment to the spines of the

lower six thoracic vertebrae, the spines of the lumbar vertebrae, and the tendon of

the sacrospinalis, with which the fascia blends below. It also arises laterally

from the posterior part of the lateral lip of the iliac crest.

From its origin the muscle is directed upwards and laterally, its fibres

converging to the inferior angle of the scapula. In relation to its lateral and
upper borders additional fibres arise. (2) Along the lateral border muscular slips

arise from the lower three or four ribs, interdigitating with the slips of origin

of the obliquus al)dominis externus. (3) As the superior border of the muscle
passes, horizontally, over the inferior angle of the scapula, an additional fleshy

slip usually takes origin from that part of the bone and joins the muscle on its deep
surface (Fig. 329, p. 368).

Beyond the inferior angle of the scapula the latissimus dorsi, greatly narrowed,

curves spirally round the teres major muscle, and forms the prominence of the

posterior axillary fold. It ends in a ribbon-like tendon, which is closely adherent,

at first, to the teres major, and is inserted into the floor of the intertubercular sulcus

of the humerus, extending for about three inches distal to the distal and lateral

part of the lesser tubercle (Fig. 336, p. 376). It is placed behind the axillary

vessels and nerves, and in front of the insertion of the teres major, from which
it is separated by a bursa.
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In the back the latissimus -dorsi is superficial, except in its upper part,

which is concealed by the trapezius. It covers the luuibo-dorsal fascia, serratus

P08TKRIOR Trianuik

8terjjo-«;i.kido-mastoii,.

SKMI8I*I.VAI.IH ( APITIS

Fasoia infraspin ma

Dbltoid

'.Serratus posterior ikkerior

„LATissiMr8 dorsi (reflected)

Posterior layer of lunibo-
- dorsal fascia

Latissimus dorsi

ObLIQUCS abdominis ISTERNUS

Obliquus abdominis extebnus

GLUT.BaS MAXIMUS

Fig. 328.—Supbrficial Muscles of the Back, and Vebtkbbo-scapulak Muscles.

posterior inferior, the ribs, and inferior angle of the scapula, and at its borders

two triangular spaces are formed ; at the upper border is the so-called triangle of

auscultation ; at the lateral border is the lumbar triangle of Petit, a small space
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Deltoid (origin)

Triceps braehii
(origin of long head)

Teres minor (origin) with
gap for circumtlex scapular
arteiy

bounded by tbe iliac crest, the latissimus dorsi, and the obliquus abdominis

externus. This space is sometimes the site of a lumbar hernia.

Nerve -Supply. —The muscle has a single nerve—the thoraco-dorsal nerve—which supplies

it in its deep (axillary) surface. It is a branch from the posterior cord of the brachial

plexus (C. (6.) 7. 8.).
, . , . ,

Action. The main action of the latissimus dorsi muscle is to depress and rotate the

humerus medially, so lowering the arm as in swimming._ Acting from the humerus it elevates

the lower ribs, and is an extraordinary muscle of inspiration.

M. Levator Scapulae.—The levator scapulae is a strap-like muscle, arising by

tendinous slips from the posterior tubercles of the transverse processes of the first

three or four cervical vertebrae, between the attachments of the scalenus medius
in front and the splenius

cervicis behind.

It is directed down-
wards along the side of

the neck, to_be inserted

intoJihe-icertebraJjmargm

of^^^^ho-—Beapula__in_it8_

upper—fourth, from__the^

medialangleto the spine

It is concealed in its

upper third by the
sterno - mastoid muscle.

Its middle third forms

part of the floor of the

posterior triangle. In

its lower third it is

again hidden from view

by the trapezius. It

conceals the splenius

cervicis and iliocostalis

cervicis.

Teres major (origin) NcrVC - Supply. — The
levator scapulse has a double
nerve-supply :— (1) from the

dorsal scapular nerve from
the brachial plexus (C. 5.),

which either pierces or goes

beneath the muscle, and (2)

from the cervical plexus.

Small branches from the

anterior rami of the .third

and fourth cervical nerves enter the muscle on its superficial surface near its origin.

Action.—The levator scapulse raises the superior angle and vertebral margin of the scapula,

as in shrugging the shoulders.

M. Rhomboideus Minor.— The rhomboideus minor may be regarded as a

separated slip of the rhomboideus major, with which it is often continuous. It

arises from the ligamentum nuchce and the spines of the seventh cervical and first

thoracic vertebrae.

Passing obliquely downwards and laterally it is inserted into the vertebral

margin of the scapula below the levator scapulte muscle, and opposite to the

base of the spine (Fig. 329).

M. Rhomboideus Major.

—

The rhomboideus major arises from the spinous

processes of the thoracic vertebrae from the second to the fifth inclusive, and

from the corresponding supraspinous ligaments.

It also passes downwards and laterally and is inserted, below the rhomboideus

minor, into the vertebral margin of the scapula, between the spine and the inferior

angle (Fig. 329). The muscle is only inserted directly into the scapula by means

of its inferior fibres. Its superior part is attached to a membranous band, which,

Latissimus dorsi (origin)

Fig. 329.

—

Muscle-Attachments to the Right Scapula
(Dorsal Surface).
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connected to the vertebral margin of the scapula, for the most part, by loose

areolar tissue, and is fixed to the bone at its extreuiities, above near the base of

the spine, and below at the inferior angle.

The rhomboid muscles are concealed to a large extent by the trapezius. The
lower part of the rhomboideus major is superficial in the triangle of auscultation.

The muscles cover the serratus posterior superior and vertebral aponeurosis.

Nerve-Supply.—The rhomboid muscles are supplied by the dorsal scapular nerve from the

brachial plexus (C. 5.), which supplies branches in the deep surface of the muscles.

Action.—The rhomboid muscles elevate and draw backwards the vertebral margin of the

scapula.

THE FASCIvC AND lYlUSCLES OF THE
PECTORAL REGION.

FASCIAE.

The superficial fascia of the chest usually contains a quantity of fat, in which

the mamma is embedded. The origin of the platysma muscle lies beneath its

superior part.

The deep fascia is attached above to the clavicle, and in the median plane to

the sternum. Below it is continuous with the fascia of the abdominal wall. It

gives origin to the platysma and invests the pectoralis major. At the lateral

border of the great pectoral muscle it is thickened, and forms the floor of the

axillary space (axillary fascia), continued posteriorly on to the posterior fold of

the axilla and laterally into connexion with the deep fascia of the arm.

Costo-Coracoid Membrane.—Beneath the pectoralis major a deeper stratum of

fascia invests the pectoralis minor muscle. At the superior border of this muscle

it forms the costo-coracoid membrane, which passes upwards to the inferior border

of tlje subclavius muscle, where it splits into two layers, attached in front of and
behind that muscle to the borders of the inferior surface of the clavicle. The
membrane traced medially along the subclavius muscle is attached to the first

costal cartilage
;

passing laterally along the upper border of the pectoralis

minor it reaches the coracoid process. The part of the membrane extending

directly between the first costal cartilage and the coracoid process is thickened

and forms the costo-coracoid ligament. The costo-coracoid membrane is otherwise

thin and of comparatively small importance. It is pierced by the cephalic vein,

thoraco-acromial artery and vein, and branches of the lateral anterior thoracic

nerve. By its deep surface it is connected to the sheath of the axillary vessels.

At the inferior border of the pectoralis minor there is a further extension of the

deep fascia beneath the pectoralis major. It passes downwards to join the fascia

forming the floor of the axilla, and is continued laterally into the fascia covering

the biceps and coracobrachialis muscles.

MUSCLES OF THE PECTORAL REGION.

The anterior muscles connecting the upper limb to the axial skeleton comprise

the pectoralis major, pectoralis minor, subclavius, serratus anterior, and sterno-

cleido-mastoid. The last is described in a later section (p. 458).

M. Pectoralis Major.—The pectoralis major is a large fan-shaped muscle

arising in three parts : (1) a pars clavicularis arising from the anterior aspect

of the clavicle in its medial half or two-thirds (Figs. 327, p. 366, and 331, p. 371)

;

(2) a pars sternocostalis, the largest part of the muscle, arising from the anterior

surface of the manubrium and body of the sternum by tendinous fibres decussat-

ing with those of the opposite muscle (Fig. 330, p. 370), and, more deeply, from

the cartilages of the first six ribs; (3) a pars abdominalis, a small and separate

slip, arising from the aponeurosis of the obliquus abdominis externus muscle. The
abdominal slip, at first separate, soon merges with the sterno-costal portion, but a

distinct interval usually remains between the two first-named parts of the muscle.

y 25
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Sterno-cleido-iuastoid (origin)

The fibres converge towards the proximal part of the arm, and are inseparably-

blended at a point half an inch from their insertion into the humerus. The
muscle is inserted into (1) the lateral border of the sulcus intertubercularis of
the humerus, extending proximally to the greater tubercle and blending, laterally,

with the insertion of the deltoid, and medially, with the insertion of the latissimus
dorsi (Fig. 336, p. 376); (2) from the proximal border of the insertion a
membranous band extends proximally to the capsule of the shoulder-joint, en-
veloping at the same time the tendon of the biceps ; and (3) from the distal border
a band of fascia passes distally to join the fascia of the arm.

The arrangement of the fibres of the muscle at its insertion is peculiar. The
muscle is twisted on itself, so that the lower (sterno-costal) fibres are directed

upwards and laterally behind the upper (clavicular)

part of the muscle ; in consequence the clavicular part
is attached- to the humerus more distally than the

sterno-costal portion, and is inserted also into the

fascia of the arm. The twisting of the fibres is specially

found in the inferior sterno-costal fibres of the muscle
and the abdominal fibres. These curve upwards
behind the superior sterno-costal fibres, and have the
highest attachment to the shaft of the humerus,
helping to form the fascial expansion which extends
upwards over the biceps tendon to the capsule of

the shoulder-joint. In this way a bilaminar tendon
is produced united along its inferior border; consisting

of a superficial lamina formed by the superior sterno-

costal fibres, blending for the most part with the

tendon of the clavicular portion ; and a deep lamina,

composed of the twisted lower sterno-costal and
abdominal fibres. The disposition of the muscular
fibres at their insertions is the reason for the applica-

tion of the terms " portio attollens " to the clavicular

portion, and "portio deprimens" to the sterno-costal

and abdominal portions of the muscle.

Placed superficially, the pectoralis major forms

the anterior wall and anterior fold of the axilla. Its

superior border is separated from the edge of the

deltoid muscle by an interval in which lie the cephalic

vein and deltoid branches of the a. thoracoacromialis.

Its deep surface is in relation with the ribs and inter-

costal muscles, the costo-coracoid membrane and the

structures piercing it, the pectoralis minor, the

axillary vessels, and the nerves of the brachial plexus.

-Nerve-Supply.—The pectoralis major has a double nerve-

supply, from both anterior thoracic nerves. The lateral anterior

thoracic nerve, derived from the lateral cord of the brachial

plexus (C. 5. 6. 7.), divides into two trunks. One pierces the costo-cotacoid membrane, and supplies

the clavicular part, and superior portion of the sterno-costal part of the muscle. The other branch

communicates over the axillary artery with the medial anterior thoracic nerve, a derivative of

the medial cord of the brachial plexus (C. 8. T. 1.). They then sujiijly the pectoralis minor and,

piercing that muscle, terminate in the lower part of the pectoralis major.

Action.—The pectoralis major draws the arm to the side. 'The clavicular fibres flex the

shoulder-joint and raise the arm besides drawing it forwards. The sterno-costal and abdominal

portions, on the other hand, depress the arm, while drawing it forwards.

Stemalis Muscle.—The sternalis is an occasional muscle placed, when present, parallel to

the sternum upon the sterno-costal origin of the pectoralis major. It has attachments which

are very variable both above and below, to the costal cartilages, sternum, rectus sheath, stemo-

mastoid, and pectoralis major. Its nerve-supply is from one or both of the anterior thoracic

nerves. In certain rare cases it has been said to be irmervated by intercostal nerves. It is

present in 4-4 cases out of 100, and it is slightly more frequent in the male than in the female.

It has been regarded by different observers as (1) a vestige of the panniculus carnosus, (2) a

horaologue of the stemo-mastoid, or (3) a displaced slip of the pectoralis major.

Chondroepitrochlearis, Dorsoepitrochlearis, Axillary Arches, Costocoracoideus.-One

abdominis
(insertion)

Fio. 330.

—

Muscle-Attachments to

THE FeONT of the StERNUM.
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or other of the above-named slips is occasionally present, crossing tlie floor of the axilla in the

interval between the latissinius dorei and the pectoralis major. They take origin from the costal

cartilages, ribs, or borders of the jjectoialis major (chondroepitrochlearis, axillary arches, costo-

coracoideiis), or from the border of the latissimns dorsi {dorsoejntrochlearis, axillary arches, costo-

coracoideiis). Their insertion i.s variable. Tiie chondroepitrochlearis and dorsoejntrochlearis are

inserted into the fascia of tlie arm, the medial intermuscular septum, or the medial epicondyle

of the humerus. The axillary arches are inserted into the Ijorder of the ])ectoralis major, the

fascia of tiie arm, or the coracobraoliialis or bice])8 muscle. The costocoracoideus, ari-sing

from the ribs or the aponeurosis of the obliquus externus, or detaching itself from the Ijorder

of the pectoralis major or latissimus dorai, is attached to the coracoid process, alone or along

with one of the muscles attached to tliat bone. These variable slips of muscle are supplied

by the medial anterior thoracic nerve, the medial cutaneous nerve of the arm, or the intercosto-

brachial.

M. Pectoralis Minor.—The pectoralis minor is a narrow, flat, triangular

muscle. It arises, under cover of the pectoralis major, from (1) the surfaces

and superior borders of the third, fourth, and fifth ribs near their anterior ends,

and (2) from the fascia covering the third and fourth intercostal spaces between

those ribs. It may have an additional origin from the second rib (Fig. 414, p. 468)

;

and that from the hfth rib is often absent.

Directed obliquely upwards and laterally, it is inserted by a short, flat tendon

into the lateral half of the anterior border and upper surface of the coracoid

process (Fig. 333, p. 372), and usually also into the conjoint origin of the biceps

brachii and coracobraoliialis.

It enters into the formation of the anterior wall of the axilla, and gives attach-

ment along its superior border to the costo-coracoid membrane. It crosses the

axillary vessels and the cords of the brachial plexus, and is pierced by the medial

anterior thoracic nerve.

Either in part or wholly the pectoralis minor may pass over the coracoid process of the

scapula, separated from it by a bursa, to be inserted into the coraco-acromial ligament, or the

acromion process ; or piercing the coraco-acromial ligament, it may be attached to the capsule of

the shoulder-joint (coraco-hiimeral ligament).

Pectoralis Minimus.—This is a slender slip, rarely present, which extends between the first

costal cartilage and the coracoid process.

Nerve-Supply.—The i)ectoralis minor is innervated like the pectoralis major by both anterior

thoracic nerves. The lower division of the lateral nerve (C. 5. 6. 7.) communicates with the

medial anterior thoracic nerve (C 8. T. 1.) over the axillary artery. Both nerves pierce and
sup])ly the pectoralis minor, and end in the pectoralis major.

Action.—The main use of the jiectoralis minor is to draw the shoulder forwards. It is thus

a chief assistant of the serratus anterior muscle.

M. Subclavius.

—

The subclavius muscle arises from the superior surface of the

Pectoralis major (origin)

Trapezius
(insertion)

ibclavius (insertion)

Connid lifjamt'iit

Fig. 331.

—

Muscle-Attachments to the Right Clavicle (Inferior Surface).

first costal cartilage in front of the costo-clavicular ligament, and from the upper

surface of the sternal end of the first rib (Fig. 414, p. 468).

It is inserted into a groove in the middle third of the inferior surface of the

clavicle (Fig. 3M1).

The muscle is invested by the fascia which forms the costo-coracoid membrane,

and is concealed by the clavicle and the clavicular origin of the pectoralis major.

Nerve-Supply.—The nerve to the subclavius is a fine branch of the brachial plexus

(C. 5. 6.), which arises above the clavicle, and passes anterior to the subclavian artery to reach

the muscle.

Action.— It acts as a depressor of the clavicle; or, the shoulder girdle being fixed, it is

capable of raising and fixing the first rib, in inspiration.
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Fig. 332.

—

The Left Sekeatus Anterior
Muscle.

The sternoclavicularis is a small separate
slip, rarely present, extending beneath the pector-
alis major from the upper part of the sternum to

the clavicle.

M. Serratus Anterior.

—

The serratus
anterior (O.T. serratus magnus) is a large

curved quadrilateral muscle occupying the

side of the chest and medial wall of the
axilla. It arises by fleshy slips from the

lateral aspect of the upper eight and occa-

sionally (as in the figure) from nine ribs.

The first slip is a double one, arising from
the first two ribs and the fascia covering

the intervening space (Eig. 332).

The insertion of the muscle is threefold.

(1) The first portion of the muscle (from

the first and second ribs) is directed pos-

teriorly to be inserted into the costal aspect

of the medial angle of the scapula. (2) The
next three slips of the muscle (from the

second, third, and fourth ribs) are inserted

into the vertebral margin of the scapula.

(3) The last four slips (from the fifth, sixth,

seventh, and eighth ribs) are directed ob-

liquely upwards and posteriorly, to be in-

serted on the costal aspect of the inferior

angle of the scapula (Fig. 333).

Triceps brachi
(origin of long

head)

The lateral surface of the

muscle is partly superficial below
the axillary space, on the side wall

of the chest, where its slips of

origin are seen inter-digitating

with those of the obhquus externus

abdominis. Higher up it forms
the medial wall of the axilla, and
is in contact with the pectoral

muscles anteriorly and the sub-

scapularis posteriorly. Its superior

border appears in the floor of the

posterior triangle, and over it the

axillary artery and the cords of

the brachial plexus pass in their

course through the axilla. The
inferior border is oblique, and is

in contact with the latissimus dorsi muscle.

The muscle may extend higher than usual, so

as to be continuous in the neck with the

levator scapulae.

Nerve - Supply. — The serratus anterior muscle
receives its nerve from the long thoracic nerve, a branch
from the anterior trunks of the fifth, sixth, and seventh
cervical nerves. After piercing the scalenus medius,
the nerve enters the axilla, and supplies branches to the
several digitations of the muscle on their superficial

surface. The highest fiVjres of the muscle are supplied
by the fifth, the lowest fibres by the seventh, and the
intermediate part of the muscle by the sixth cervical

nerve.

Action.—The primary action of the muscle is to

draw the base of the scapula forwards. This causes

Deltoid (origin)

Biceps and coracobrachialis (origin)

I

Pectoralis minor (insertion)

Oino-hyoid (origin)

Fig. 333.

—

Muscle-Attachments to the
Right Scapula (Anterior Aspect).
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the whole shoulder to be brought forward by a movement at the stemo-clavicular joint. The
movement of stretching forwanl the arm as in fencing is due to this action of the muscle.

Further, by its relation to tlw inferior angle of the scapula, the serratus anterior causes (along

with the trapezius) a rotiition of the scapula, resulting in a tilting upwards of the glenoid

cavity, and so facilitating the upwaitl movement of tlio arm aljove the head. Acting from the

shoulder on the ribs the serratus Iteromcs a j)owcrful iimscjc of iiisi)iiatioTi.

Action of Muscles on the Stemo- Clavicular and Acromio - Clavicular Joints. — The
muscles Just considt-Tcd (along with the stornu-cleido-mastoid and umo-hyoid muscles) act for

the most part in the sterno-clavicular and acromio-claviciilar joints.

A. Stemo-Clavicular Joint.—The movements at this articulation are vertical, horizontal,

and rotatory, and the muscles concerned may be tabulated as follows :

—

Sterno-Clavicular Joint.

a. Movement in a Vertical Plane.
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Levator scapul/e

Rhomboideus minor

Spine of scapula ..

Infra
SPINATli

humerus, to be inserted into a well-marked V-shaped impression above the radial

groove (Fig. 336, p. 376). The insertion is partly united with the tendon of the

pectoralis major.

The most anterior part of the deltoid muscle is formed of parallel fibres, not
uncommonly separ-

ate from the rest of

the muscle at their

origin from the cla-

^^^^^^^ ^^^^^„^^^ vicle. These fibres
supRASPiN-ATus-;^^^^^^'^^^^^^^^^

jjj^y ]3g continuous

with the trapezius

over the clavicle.

The most posterior

part arises by a

fascial origin from
the spine of the

scapula and the

fascia over the in-

fraspinatus muscle.

These portions are

attached respect-

ively to the front

and back of the

main tendon of in-

sertion. The inter-

mediate fibres are

multi-pennate, attached above and
below to three or four septaltendons,

which extend for a variable distance

downwards and upwards from the

origin and insertion of the muscle.

The deltoid is superficial in its

whole extent, and forms the pro-

minence of the shoulder. Its an-

terior border is separated from the

pectoralis major by a narrow in-

terval, in which the cephalic vein

and deltoid branch of the thoraco-

acromial artery are placed. The deep
surface of the muscle, separated from

the capsule of the shoulder-joint

by a large bursa, is related to (1)

the coracoid process, associated with

which are the coraco-acromial liga-

ment, and the attachments of the

pectoralis minor, the coracobrachi-

alis, and the short head of the

biceps brachii
; (2) the capsule of

the shoulder-joint covering the

head of the humerus, associated with

which are the long head of the

biceps, and the attachments of the

subscapularis, supraspinatus, infra-

spinatus, and teres minor ; and (3)

the proximal part of the lateral surface of the hod;/ of the humerus, associated with

which are the posterior circumflex vessels of the humerus and the axillary nerve.

Nerve-Supply.—The deltoir] muscle is supplied by the terminal branches of the axillary

(O.T. circumHex) nerve from the fifth and sixth cervical nerves.

Action.—The main action of the deltoid is to abduct the arm, and bring the humerus mto

Triceps brachii
(tendon of insertion)

KXTENSOR CARPI
I'.AI.IALIS BKEVIS

Fio. 3.34.—Left Scapular Muscles and Triceps.
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, Skiuiatih anterior

St;im(AlMi.ARl«

•IIAHI'INATUS

I'KCTORAI.IH

INOK

Coracoid
prOCPHH

Triceps brachii

oiiK head)

the horizontal position. In this movement it is aided by the supraspinatus and infraspinatus.

The anterior (clavicular) portion of thfe muscle assists the pectoralis major in drawinf,' the arm
forwards, while the posterior portion draws it backwards.

M. Supraspinatus.—The supraspinatus arises by fleshy fibres ironi the supra-

spinous t'o.ssa (except near

the neck of the bone) and
from the deep fascia over

it (Fig. 329, p. 368).

It is directed laterally

under the trapezius muscle,
the acromion and coraco-

acromial ligament, to be

inserted by a broad thick

tendon into tfie most
proximal facet on the

larger tul^ercle of the

humerus, and into the

capsule of the shoulder-

joint (Fig. 336, p. 376).

Nerve-Supply. — The
muscle is supplied by the

supra-scapular nerve (C. 5. 6.).

Action.—The supraspin-

atus assists the deltoid in ab-

ducting the arm from the side.

Skr
RATUrf ANTERIOR

LaTISSIMI'S DORSI
TkRES MAJOR

CoRACOBRACHtALlS

Biceps (short head)
Teres major

M. Infraspinatus.

—

The infraspin-

atus arises from the infra-spinous fossa

of the scapula (excepting near the neck

of the bone and the flat surface along

the axillary margin) and from the thick

fascia over it (Fig. 337, p. 376).

The fibres of the muscle converge to

the neck of the scapula ; and are inserted

by tendon into the middle facet on the

larger tubercle of the humerus, and into

the capsule of the shoulder-joint (Fig.

336, p. 376). A bursa separates the

muscle from the neck of the scapula, and

in a minority of cases communicates with

the synovial cavity of the shoulder-joint.

The supraspinatus and the upper part

of the infraspinatus muscles are concealed

by the trapezius, acromion, and deltoid.

They cover the neck of the scapula, the

transverse scapular artery, and supra-

scapular nerve, and the capsule of the

shoulder-joint.

Nerve-Supply.—Supra-scapular nerve.

Action. -The muscle assists the deltoid in

abducting and drawing back the arm at the-

shoulder-joint.

M. Teres Minor.—The teres minor
is a small muscle, arising by fleshy fibres

from the proximal two-thirds of the flat

surface on the dorsal aspect of the

axillary margin of the scapula, and from fascial septa separating it from the infra-

spinatus and teres major muscles (Fig. 337, p. 376).

Lying alongside the lateral border of the infraspinatus, it is inserted, under cover

of the deltoid, by a thick flat tendon, into the most distal of the three facets on the

Biceps ten

Brachioradia

Ki.EXOR c\
RADIA

Pronator teres

Fig. 33.^.

—

Muscles ok Postekior Wai i

Lekt Axilla and Front of Arm.
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larger tubercle of the humerus and into the capsule of the shoulder-joint, and, by
fleshy fibres, into the posterior aspect of the surgical neck and body of the humerus
distal to the tubercle for about an inch (Fig. 341, p. 380).

It is separated from the teres major by the long or scapular head of the triceps

brachii, and by the posterior circumflex vessels of the humerus and the axillary

nerve. Its origin is pierced by the circumflex

scapular artery. The muscle is invested by the

deep fascia enclosing the infraspinatus, and is

diiserfion)'*"''
somctimcs inseparable from that muscle.

Nerve-Supply.—The teres minor is supplied by a branch

of the axillary nerve (C. 5. 6.). The nerve has a pseudo-

ganglion, a fibrous swelling on it in its course to the muscle.

Action.—The muscle is a lateral rotator of the humerus.

Supraspiiiatus
(iusertion)

Pectoialis major
' (insertion)

Latissinius dorsi
(insertion)

M. Teres Major.

—

The teres major is much
larger than the preceding muscle. It arises by
fleshy fibres from the lower third of the flat surface

on the dorsum of the scapula along its axillary

Coracobrachialis
(insertion)

Bracliialis

(origiiO

Bracliioradialis

(origin)^

Extensor carpi
radialis longiis

,

(origin)

Common tendon
for origin of
Ijronator
teres and Hexor
muscles of
forearm

Common tendon for origin of
extensor muscles of forearm

Fio. 336.— Muscle - Attachments to

THE Anterior Aspect of the Ricjht

Humerus.

Teres minor
(origin) with gap
for circumflex
scapular artery

Teres major (origin)

Latissimus dorsi (origin)

Fio. 337.

—

Muscle-Attachments to the Right Scapula
(Dorsal Surface).

margin (except for a small area at the inferior angle), and from fascial septa, which
separate it on the one side from the subscapularis, and on the other from the

infraspinatus and teres minor (Fig. 337).

The muscle is directed along the axillary margin of the scapula to the front

of the body of the humerus, where it is inserted, by a broad flat tendon, into the

medial border of the sulcus intertubercularis medial to the latissimus dorsi muscle

(Fig. 337). Just before its insertion it is closely adherent to the tendon of the

latissimus dorsi.

The teres major lies below the subscapularis muscle in the posterior wall of
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the axilla. The latissimus dorsi; muscle, sweeping round from the back, covers

its axillary surface on its way to its insertion. The muscle forms the inferior

boundary of a triangular space in the posterior wall of the axilla, of which the other

boundaries are, above, the borders of the subscapularis and teres minor muscles,

and laterally the surgical neck of the humerus. This space is subdivided by the

long head of the triceps brachii, which passes behind the teres major muscle, into

(a) a quadrilateral space above, for the passage of the axillary nerve and posterior

circumtle.\ artery of the humerus ; and (6) a smaller triangular space below, for

the circumflex scapulae artery.

Nerve-Supply.—The teres major is supplied, along with part of the subscapularis muscle,

hy the lower subscapular nerve (C. 5. 6.),

Action.—A medial rotator of the humerus.

M. Subscapularis.—The subscapularis is a large triangular muscle which

covers the costal surface of the scapula. It arises by fleshy fibres from the whole

of the subscapular fossa and the groove along the axillary margin, excepting the

surfaces at the angles of the bone (Fig. 333, p. 372). Springing from several

ridges in the fossa are fibrous septa projecting into the substance of the muscle,

which increase the extent of its attachment.

Converging to the head of the humerus, the muscular fibres are inserted by a

broad, thick tendon into the smaller tubercle of the humerus and into the capsule

of the shoulder-joint, and by fleshy fibres into the surgical neck and the body of

the humerus distal to the tubercle for about an inch, under cover of the coraco-

brachialis and short head of the biceps (Fig. 336, p. 376).

This muscle forms the greater part of the posterior wall of the axilla. Its

medial or anterior surface is in contact with the serratus anterior and the axillary

vessels and nerves. It is separated from the neck of the scapula by a bursa,

which is in direct communication with the synovial cavity of the shoulder-joint.

The subscapularis minor is an occasional muscle situated below the capsule of the shoulder-

joini. It arises from the axillary border of the scapula below the subscapularis, and is inserted

into the caj)sule of the joint or the proximal part of the body of the humerus.
Nerve-Supply.—There are two and often three nerves supplying the subscapularis, viz.,

the short subscapular (C. 5. 6.), which is often double ; and the lower subscapular (C. 5. 6.), which,
after supplying its lateral (lower) portion, ends in the teres major.

Actions. ^—The muscle aids in drawing the arm forward and medially rotating the humerus.

The principal action of the above group of muscles is on the shoulder-joint,

secondary actions in relation to movements of the trunk and limbs.

1. Movements at the Shoulder -Joint.

They have also

a. Abduction. Adduction. b. Flexion (Forwards). Extension (Backwards).

Deltoid
Supraspinatus

Teres major
Teres minor
Pectoralis majctr

Latissimus dorsi

Coracobrachialis

Biceps (short head)

Triceps brachii (long

head)
Weight of limb

Deltoid (anterior fibres)

Subscapularis
Pectoralis major
Coracobrachialis

Biceps brachii

Deltoid (posterior fibres)

Teres major
Infraspinatus

Latissimus dorsi

Triceps brachii

c. Rotation Laterally.

Deltoid (posterior fibres)

Infraspinatus

Teres minor

Rotation Medially.

Deltoid (anterior fibres)

Teres major
Pectoralis major
Latissimus doi-si

d. Circumduction—combination of previous muscles.

The various movements at the shoulder-joint are greatly aided by the muscles acting on the

shoulder girdle. In raising the arm above the head, for instance, the humerus is brought to the

horizontal position by the deltoid and supraspinatus, and the movement is continued by the
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elevators of the shoiilder girdle. Again, in forward and backward movements at the shoulder-

joint, great assistance is derived from muscles acting directly on the shoulder girdle—pectoralis

minor and serratus anterior ; trapezius and rhomboidei.

2. In relation to the trunk and limbs, the shoulder muscles, by fixing the humerus, have

auxiliary power on the one hand in movements of the trunk, such as forced inspiration ; on the

other hand, acting along with muscles fixing the elbow-joint, they stiffen the limb so as to

permit of the more refined movements of the wrist and fingers.

FASCIyE AND IVIUSCLES OF THE ARIVI.

FASCIJE.

The superficial fascia presents no features of iinportance. There is a bursa

beneath it over the olecranon, and occasionally another over the medial epicondyle

of the humerus.
The deep fascia forms a strong tubular investment for the muscles on the

anterior and posterior aspects of the humerus. It is continuous above with the

deep fascia of the shoulder and axilla, and is further strengthened by fibres derived

from the insertions of the pectoralis major, latissimus dorsi, and deltoid muscles.

At the elbow it becomes continuous with the deep fascia of the forearm, and

gains attachment to the epicondyles of the humerus and the olecranon of the ulna

;

it is strengthened also by important bands associated with the insertions of the

biceps anteriorly and the triceps posteriorly, to which reference will be made in

the account of these muscles.

About the middle of the arm on the medial side, the deep fascia is per-

forated for the passage of the basilic vein and the medial cutaneous nerve of the

forearm.

The intermusctilar septa are processes of the deep fascia attached to the

epicondylic ridges of the humerus. The medial and stronger septum is placed

between the brachialis muscle anteriorly and the medial head of the triceps

posteriorly, and gives origin to both. It extends proximally to the insertion

of the coracobrachialis (which is often continued into it), and the ulnar nerve

and superior ulnar collateral vessels pass distally over its medial edge. The lateral

septum is thinner. It separates the brachialis muscle and brachioradialis in front

from the medial and lateral heads of the triceps behind, and gives origin to

those muscles. It extends proximally to the insertion of the deltoid, and is

pierced by the radial nerve and profunda brachii vessels. ,

MUSCLES OF THE ARM.

The muscles of the arm comprise the biceps, coracobrachialis, and brachialis

on the anterior aspect, and the triceps brachii on the posterior aspect of the

humerus. Except at its extremities, the biceps brachii is superficial, and forms a

rounded fleshy mass on the anterior aspect of the arm. The coracobrachialis is

visible on its medial side in the proximal half of the arm, particularly when the

arm is raised. The brachialis is concealed by the biceps. The triceps brachii forms

the thick mass of muscle covering the posterior surface of the humerus.

M. Coracobrachialis.—The coracobrachialis is a rudimentary muscle. It

arises under cover of the deltoid from the tip of the coracoid process, by fleshy

fibres, in common with the short head of the biceps, and also frequently from

the tendon of insertion of the pectoralis mi^or muscle.

The fleshy belly is pierced by the musculo-cutaneous nerve, and ends in a flat

tendon which is inserted into a faint linear impression about an inch in length on

the middle of the medial border of the Viody of the humerus (Fig. 336, p. 376). It

is often continued into the medial intermuscular septum.

The coracobrachialis is the remains of a threefold muscle, of which only two elements are

usually present in man, but of which in anomalous cases all the parts may be more or less fully

developed. The passage of the musculo-cutaneous nerve through the muscle is an indication of

ita natural separation into two parts, which represent the persistent middle and distal elements.
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The commonest variety is one in which the more superficial (distal) part of the muscle extends

more distfilly than usual, so as to be inserted into the medial intermuscular septum, or even into

the medial epicondyle of the humerus. A third slip (coracobrachialis superior or brevis,

ISSKRTl
OK FKlTl

AI.IS MAJ
COKACDBRACin U I-

Short hkaii >n

Long head ok
BICEPS

Brachiai.is Triceps (medial head)

Mnsculo-cutaiieons
nerve

Radial tierve

Brachiorapialis

Extensor carpi
radialis lon(3ds

Radial artery (cut)

Abductor poi.licis

LONOUS

Radial artery (cut)

Transverse carpal
lij^ament

Insehtios ok
pectoralih
MINOR

-Axillary artery

MUDCUlO-
"cutaneous nerve

Median nerve
^(lateral head)

^ Median nerve
(medial heud)

Ulnar nerve

Trapezius

I.acertus tibrosus

Pronator teres

Deep fascia of forearm

Flexor carpi radialis

Palmaris loxous

Flexor carpi ulnaris

Flexor digitorum siiblimis

Flexor pollicis lonous

Pronator quadratus

Ulnar artery

Ulnar nerve

Fig. 338.

—

Superficial Miscles on the Anteriok Aspect of
THE Right Arm and Forear.m.

I.ATl.SSIMVB

DORSI

EXTK.V.SOR ( ARPI RADIALIS
LONi;l S

Extensor carpi radialis
bbevis

Deep fascia of forearm

Extensor dioitorum
commtnis

Extensor carpi ii.naris

ABDrcTOR pollicis LONT.I «

Extensor pollicis brkv js

Extensor dioiti
qcisti propriis

TeNDO.NS of RADIAL EXTENSO
OK CARPI'S

Dorsal carpal lij^ment

Extensor ihjllicis longcs

Extensor indicis proprius

Fio. 339.—The Musclf^ on the Posterior Sir

of the Left Arm, Forearm, and Hand.

rotator humeri) may more rarely be present, forming a short muscle arising from the root of the

coracoid process, and inserted into the medial side of the humerus just distal to the capsule of

the shoulder-joint
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Subscapularis
[(insertion)

Pectoralis major
(insertion)

Latissimus dorsi

(insertion)

Teres major
'(insertion)

Triceps : lateral head
(origin)

Coracobracliialis

(insertion)

Deltoid (insertion)

Nerve-Supply.—The nerve to the coracobrachialis comes from the 7th or 6th and 7th

cervical nerves. Incorporated with the musculo-cutaneous, the nerve sejjarates to supply the

muscle l)efore the latter nerve pierces it.

Action.—The muscle assists the biceps to raise the arm and draw it medially.

M. Biceps Brachii.

—

The biceps brachii arises by two tendinous heads. (1)

The short head (caput breve) is attached in common with the coracobrachialis to

supraspinatus the tip of the cora-
(insertion) Coid prOCCSS of the

scapula (Fig. 333,

p. 372). Concealed

by the deltoid and
tendinous at first,

this head forms a

separate fleshy

belly, which is

united to the long

head by an invest-

ment of the deep

fascia. (2) The
long head (caput

longum) arises by
a round tendon
from the supra-

glenoidal tuberos-

ity at the root of

the coracoid pro-

cess and from the

labrum glenoidale

on each side.

Its tendon passes

through the cavity

of the shoulder

-

joint, and, emerg-

ing from the cap-

sule beneath the

transverse humeral
ligament (invested

by a prolongation

of the synovial

membrane), it

occupies the inter-

tubercular groove

of the humerus
-extensormuscles ^yhgrC it )S COVCTCd
of forearm

Ancona;ns by a fascial pro-
(origin) longation of the

tendon of the pec-

FiG. 341.—Muscle- Attachments to toralis major. In
THE POSTEUIOR SURFACE OF THE

^^^ ^^.^ ^^ f^^^^^ g^

PaOHT HUMERUS.
^^^^^ ^^^j^ ^^.^.^^

to that derived from the short head by an envelope of deep fascia.

The insertion of the muscle is likewise twofold. (1) The two bellies become

connected to a strong tendon, attached deeply in the hollow of the elbow

to the rough dorsal x^ortion of the tubercle of the radius (Figs. 335, p. 375,

and 348, p. 389). A bursa separates the tendon from the volar portion of the

tuberosity. (2) From the medial and anterior part of the tendon, and partly

in continuity with the fleshy fibres of the muscle, a strong membranous hand

(the lacertus fibrosus) extends, distally and medially, over the hollow of the elbow

to join the deep fascia covering the origins of the flexor and pronator muscles

Bracliioradialis

"(origin)

Extensor carpi
- radialis longus
(origin)

Common tendon
for origin of

. ])ronator teres

and flexor

muscles of
forearm

Ckimmon tendon for origin of

extensor musclee of forearm

Fio, 340.

—

Muscle - Attachments to

THE Anterior Aspect of the
Right Humerus.

Common tendon
U)T origin of



MUSCLES OF THE AEM. 381

of the forearm. Its proximal psft-t is thickened and can be felt subcutaneously as

a crescentic border.

In the arm the biceps conceals the brachialis muscle and the musculo-cutaneous
nerve. Its medial border is the guide to the position of the brachial artery and
median nerve.

The biceps is an extremely varialtle muscle. Its chief .anomalies are due to an increase

or diminution in the number of origins. A third head of origin is common (10 per cent), and
usually arises from the humerus, between the insertions of the deltoid and coracobrachialis.

Two or even three additional heads may be present at the same time. The long head of the

muscle may be absent, or may take origin from the intertubercular groove. The muscle may
have an additional insertion into the medial epicondyle of the humerus, or into the fascia of

the forearm.

Nerve-Supply.—The biceps is supplied by the musculo-cutaneous nerve (C. 5. 6.).

Actions.—The"action8 of the biceps are complex, in that they affect three articulations

—

the shoulder, huniero-radial, and radio-ulnar joint. The muscle raises and draws forward the

humerus at the shoulder-joint, it flexe.s the elbow-joint, and it supinates the forearm. The
combination of these actions results in a simple movement like that of raising the hand to

the mouth.

M. Brachialis.—The brachialis (O.T. brachialis anticus) is a large muscle

arising from the distal two-thirds of the anterior aspect of the body of the

humerus and from the intermuscular septum on each side (Figs. 340 and 341,

p. 380).

Clasping the insertion of the deltoid proximally, it ends distally in a strong

tendon, which is inserted, deep in the hollow of the elbow, into the anterior ligament

of the elbow-joint, the distal surface of the coronoid process, and slightly into the

immediately adjacent part of the volar surface of the body of the ulna (Fig. 348,

p. 389). The lateral part of the muscle arising from the lateral epicondylic ridge

and lateral intermuscular septum forms a slip more or less separate, which may
be partially fused with the brachioradialis muscle.

It is concealed for the most part by the biceps muscle in the arm. It forms

the floor of the cubital fossa, and covers the anterior aspect of the elbow-joint.

Nerve-Supply.—It is supplied by the musculo-cutaneous nerve (C. 5. 6.) ; and also (in most
instances) at its lateral border by a fine branch of the radial nerve (C. (5.) 6.).

Action.—This muscle is a flexor of the elbow-joint.

M. Triceps Brachii.—The triceps brachii is the only muscle on the posterior

aspect of the arm. It arises by three heads : a lateral and a medial head, from

the humerus, and a long or middle head, from the scapula. (1) The long head

(caput longum) begins as a strong tendon attached to a rough triangular surface

on the axillary border of the scapula just below the glenoid cavity (infra-glenoidal

tuberosity) (Figs. 333, p. 372, and 337, p. 376). This gives rise to a fleshy belly

which, after passing between the teres major and teres minor muscles, occupies the

middle of the back of the arm. (2) The lateral head is attached by fibres, partly

tendinous and partly fleshy, to the curved lateral border of the humerus from the

insertion of the teres minor proximally to the radial groove distally, and receives

additional fibres from the posterior surface of the lateral intermuscular septum
(Fig. 341, p. 380). Its fibres are directed distally and medially over the radial

groove, concealing the radial (musculo-spiral) nerve, the profunda brachii artery,

and the medial head of the muscle, to the tendon of insertion. (3) The medial

head arises by fleshy fibres from an elongated triangular area on the posterior

surface of the humerus, extending proximally to the level of the insertion of the

teres major, and distally nearly to the margin of the olecranon fossa (Fig. 341,

p. 380). It also arises, on each side, from the intermuscular septum,—from the

whole length of the medial septum, and from the part of the lateral septum which
is below the passage of the radial nerve.

The three heads of origin are inserted, by a broad and membranous common
tendon, into an impression occupying the posterior part of the proximal end
of the olecranon of the ulna (Fig. 355, p. 397), and into the deep fascia of the

forearm on each side of it. The long and lateral heads join the borders of the

tendon of insertion, and the medial head is attached to its deep surface. A small
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thick-walled bursa separates the tendon of the triceps from the posterior ligament

of the elbow-joint and the proximal end of the olecranon.

The muscle is superficial in almost its whole extent. The long (scapular) head is concealed

at its origin by its relation to the teres muscles, between which it passes.

The subanconaeus is a small muscle occasionally present. It consists of scattered fibres

arising from the distal end of the posterior surface of the humerus, deep to the triceps, and
it is inserted into the posterior ligament of the elbow-joint.

Nerve-Supply.—The several heads of the muscle are supplied separately by branches of the

radial nerve. Tlie lateral head receives fibres from C. (6.) 7. 8. ; the long and medial head from

C. 7. 8. The medial head has a double supply. One nerve enters its proximal part, another (ulnar

collateral nerve of Krause) enters the distal part of the muscle.

Actions.—The triceps is the extensor muscle of the elbow-joint. The long head also acts as

an adductor of the humerus at the shoulder-joint.

The chief action of these muscles (excepting the coracobrachialis) is on the elbow -joint,

producing along with other muscles flexion and extension. The flexor muscles are much more
powerful than the extensors.

Table of Muscles acting on tlie Elbow-Joint.

Flexors.



FASCIA AND MUSCLES OF THE FOREAEM AND HAND. 383

hand. It is attached laterally ta the navicular and large multangular; medially

to the pisiform and os hamatum; and it forms a membranous arch binding down,

in the hollow of the carpus, the flexor tendons of the fingers, and the median nerve.

It is divided into hvo compartments, the larger accommodiiting the tendons of the

flexors of tlie digits and the median m-rve, the smaller (placed laterally) containing

the tendon of the flexor carpi radialis. There are three synovial membranes in

these compartments: one for the flexor carpi radialis tendon, and two others,

which often communicate together, enveloping the tendon of the flexor pollicis

longus and the flexor

tendons of the fingers

respectively. The
surface of the liga-

ment is crossed by

the palmar branches

of the median and
ulnar nerves ; by the

tendon of the palmaris

longus muscle, whicli

is attached to its sur-

face; and by the ulnar

artery and nerve,

which are again
bridged over and pro-

tected by a band of

fibrous tissue, called

the volar carpal liga-

ment, which passes

from the pisiform

bone and the super-

ficial fascia to the

surface of the trans-

verse carpal ligament.

To the distal border

of the ligament are

attached the palmar

aponeurosis in the

centre, and the super-

ficial muscles of the

thumb and the mus-
cles of the little

finger on each side.

Ligament um
Carpi Dorsale.

—

The dorsal carpal

ligament (O.T. pos-

terior annular liga-

ment) is placed at a
. „

more proximal level than the transverse carpal ligament. It consists ot an

oblique band of fibres about an inch broad, continuous proximally and distally

with the deep fascia of the forearm and hand. It is attached laterally to the

lateral side of the distal end of the radius, and medially to the distal end of the

ulna (styloid process), the carpus, and the ulnar collateral ligament of the wrist.

It is crossed by veins, by the superficial ramus of the radial nerve, and by the

dorsal branch of the ulnar nerve. Six compartments are formed deep to it by

the attachment of septal bands to the distal ends of the radius and ulna. Each

compartment is provided with a mucous sheath, and they serve to transmit

the extensor tendons of the wrist and fingers in the following order from lateral

to medial side :

—

, . _ .

(1) Abductor pollicis longus and extensor pollicis brevis, (2) Extensores carpi

Palmar
aponeurosis

Thenar
eminence

Hypotlienar

.

eminence

Palmaris brevis

Transverse carpal
ligament

Abductor
pollicis longus

Flkxor oarpi radialis ._

Palmaris lonoos -

Flexor dioitoru
SUBLI

Flexor carpi ulnaris-

FiG. 342.

—

The Palmak ApoNEruosis.



384 THE MUSCULAR SYSTEM.

"Flexor carpi ulnaris

-Flexor digitorum sublimis

—'Flexor carpi radialis

Palmaris longus

—Pisiform bone

—Abductor pollicls longus

Transverse carpal

Abductor diciti quinti

Abductor pollicis brevis

Flexor digiti
QUINTI brevis

__Flexor pollicis
"brevis

. Adductor
pollicis

Flexor pollicis
ous

radiales, longus and brevis, (3) Extensor pollicis longus, (4) Extensor digitorum

communis and extensor indicis proprius, (5) Extensor digiti quinti proprius,

(6) Extensor carpi ulnaris.

The thin deep fascia of the dorsum of the hand is lost over the expansions of

the extensor tendons on the fingers. Between the metacarpal bones a strong layer

of fascia covers and gives attachment to the interossei muscles.

Aponeurosis Palmaris.—The palmar aponeurosis is of considerable import-

ance. In the centre of the palm it forms a thick triangular membrane, the apex
of which joins

the distal edge

of the trans-

verse carpal
ligament, and,

more superfici-

ally,receives the

insertion of the

tendon of the

palmaris longus

muscle. The
fascia separates

below into four

slips, one for

each finger. The
slips are con-

nected together

by transverse

fibres, which
form, beneath

the webs of the
fingers, the
superficial trans-

verse metacarpal

ligament (fasci-

culi transversi).

More distally

each slip separ-

ates into two
parts, to be con-

nected to the

sides of the
metacarpo-
phalangeal
joints and the

first phalanx of

the medial four

-Superficial Muscles and Tendons in the Palm of the Left Hand, digits. In the

cleft between
the two halves of each slip the digital sheath is attached and extends distally on

to the finger. The lateral borders of this triangular central portion of the palmar

aponeurosis are continuous with thin layers of deep fascia, which cover and

envelop the muscles of the thenar and hypothenar eminences. The medial border

gives origin to the palmaris brevis muscle (p. 382).

The digital sheaths (vaginse mucosae) are tubular envelopes extending along

the palmar aspect of the digits and enclosing the flexor tendons. Each consists of

a fibrous sheath attached to the lateral borders of the phalanges and inter-phalan-

geal joints, and continuous proximally with the palmar aponeurosis. Opposite each

inter-phalangeal articulation the digital sheath is loose and thin ;
opposite the first

two phalanges (the first only in the case of the thumb) it becomes extremely thick,

and gives rise to the ligamenta vaginalia, which serve to keep the tendons closely

LuWBRICAL MUSCLES
^ Tendons of plexor digitorum
^^^sublimis

t'LEXOR digitorum SUBLIMIS
""Flexor digitorum profundus

Fig. 343.-
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applied to the bones during flexion of the fingers. Within each digital sheath are

the flexor tendons, enveloped in a mucous sheath which envelops the tendon

and lines the interior of the sheath. The mucous liniuL,^8 of the digital

sheaths extend a short distance proximally in the palm, and in some cases com-

municate with the large mucous sheaths enclosing the flexor tendons beneath

the transverse carpal ligament. There may be a separate distinct raucous

sheath for each digit; but most commonly only the sheaths for the three

middle digits are separate ; those of the flexor pollicis longus and the flexor

tendons of the little finger usiuiUy communicate with the mucous sheaths placed

beneath the transverse carpal ligament.

THE MUSCLES ON THE ANTERIOR AND MEDIAL ASPECTS
OF THE FOREARM.

The muscles on the anterior and medial aspects of the forearm comprise the

pronators and the flexors of the wrist and fingers. In the forearm they are

arranged in three strata: (1) a superficial layer consisting of four muscles which
radiate from the medial epicondyle of the humerus, from which they take origin

by a common tendon. They are named, from radial to ulnar side, pronator teres,

flexor carpi radialis, palmaris longus, and flexor carpi ulnaris. These muscles

conceal the muscle which by itself constitutes (2) the intermediate stratum—the

flexor digitorum sublimis, and this again conceals, for the most part, (3) the deep

layer of muscles, including the flexor digitorum profundus covering the ulna, the

flexor pollicis longus on the radius, and the pronator quadratus, which is more
deeply placed than the previous muscles, and stretches across the forearm between

the distal portions of the radius and ulna.

I. Superficial lYIuscIes.

M. Pronator Teres.

—

The pronator teres is the shortest muscle of this group.

It has a double origin: (1) a sujyerjicial head (caput humerale), the main origin, partly

fleshy, partly tendinous, from the most distal part of the medial epicondylic ridge

of the humerus and from the medial intermuscular septum, from the medial epi-

condyle of the humerus, from the fascia over it, and from an intermuscular septum
between it and the flexor carpi radialis (Fig. 346, p. 387) ; (2) a deep head (caput

ulnare), a slender tendinous slip from the medial side of the coronoid process of the

ulna, which joins the superficial origin of the muscle on its deep surface (Fig. 348,

p. 389). The median nerve separates the two heads from one another.

The muscle passes distally and laterally to be inserted by tendon into an
oval impression on the middle of the lateral surface of the body of the radius

(Figs. 346, p. 387, and 348, p. 389). The fibres of the muscle are twisted on them-
selves, so that the most proximal humeral fibres form the most distal fibres of the

tendon of insertion, and the most distal humeral fibres and those arising from the

coronoid process are most proximal at the insertion.

The pronator teres forms the medial boundary of the hollow of the elbow. It is

superficially placed, except near its insertion, where it is covered by the brachio-

radialis muscle and by the radial vessels and superficial branch of the radial

nerve.

Nerve-Supply.—Median nerve (C. 6.).

Action.—The muscle is a flexor of the elbow-joint and a pronator of the forearm.

M. Flexor Carpi Radialis.

—

The flexor carpi radialis muscle takes its origin

from the common tendon from the medial epicondyle of the humerus, from the

fascia over it, and from the intermuscular septa on either side.

Its fleshy belly gives pLice, in the distal half of the forearm, to a strong round
tendon which, at the wrist, enters the hand in a special compartment under cover
of the transverse carpal ligament, and after occupying the groove on the large mult-
angular bone, is inserted into the proximal ends of the second and third metacarpal

26
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bones on their volar surfaces (Fig. 351, p. 392). The chief tendon is that to the

second metacarpal bone.

The muscle is superficial except near its insertion. Its tendon, in the distal

half of the forearm, is an important guide to the radial vessels, which are placed
to its radial side. After passing beneath the transverse carpal ligament the
tendon is concealed by the origins of the short muscles of the thumb, and is crossed,

from medial to lateral side, by the tendon of the flexor pollicis longus. Besides the
mucous sheath enveloping the tendon beneath the ligament, a mucous bursa is

placed beneath the insertion of the tendon.

Nerve-Supply.—Median nerve (C. 6.).

Actions.—Tliis muscle lias a threefold action. It is mainly a flexor of the elbow and wrist,

but it abo acts as an accessory pronator of the forearm.

M. Palmaris Longus.—The palmaris longus arises also from the common
flexor tendon from the medial epicondyle of the humerus, from the fascia over it,

and from intermuscular septa

on each side.

It forms a short fusiform

muscle, which ends, in the
middle of the forearm, in a

long flat tendon. This pierces

the deep fascia, near the wrist,

and passing over the trans-

verse carpal ligament, is in-

serted (1) into the surface of

the transverse carpal ligament,

and (2) into the apex of the

thick central portion of the

palmar aponeurosis. A ten-

dinous slip is frequently sent

to the short muscles of the

thumb and the fascia covering

them.

The palmaris longus is the

smallest muscle of the forearm.

In the distal third of the

H G

Pig. 344.

—

Distal Surface of a Section across the Right

Forearm in the Middle Third.

A, Pkokator teres (insertion) ; B, Flexor carpi radialis ; C, Flexor

DiGiTORUM scBLiMis ; D, Palmaris LONGUS ; E, Flexor carpi ulnaris ;

F, FLE.XOR DIOITORUM PROFUNDUS ; G, ExTENSOR CARPI ULNARIS ;

H, Extensor poLLipis longus ; I, Extensor dioitorum communis and forearm itS tCndon is placed
EXTENSOR digiti quinti proprius ; J, Abductor pollicis longus

;
K, rji v-gofly gvcr the median

Extensor carpi radialis brevis; L, Extensor CARPI radialis longus; J
j •

i i.

M, Brachioradialis. a, Radius ; 6, Interosseous membrane ; c, Ulna, ncrve, alOng the radial border
1, Superficial ramus of radial nerve ; 2, Radial artery ; 3, Volar Inter- q^ ^]-^g tcndonS of the flcXOr
osseous artery; 4, Volar interosseous nerve (underneath flexor pollicis -,• ., ViTm'
longus); 5, Median nerve; 6, Ulnar artery; 7, Ulnar nerve; 8, Dorsal UlglUOrum SUDiimiS.

interosseous artery ; 9, Dorsal interosseous nerve. mi iThe palmaris longus is the

most variable muscle in the body, and is often absent (10 per cent).

Nerve-Supply.—Median nerve (C. 6.).

Actions.—The muscle assists in flexion of the elbow and wrist. It also by tightening the

palmar aponeurosis deepens the hollow of the hand and helps to flex the fingers.

M. Flexor Carpi Ulnaris.—The flexor carpi ulnaris muscle has a double

origin, from the humerus and from the ulna. (1) It arises from the common tendon

attached to the medial fepicondyle of the humerus, from the fascia over it, and from

a lateral intermuscular septum. (2) By means of the deep fascia of the forearm it

olDtains an attachment to the medial border of the olecranon and the dorsal margin

of the ulna in its proximal three-fifths.

The fleshy fibres join a tendon which lies on the anterior border of the muscle

and is inserted into the pisiform bone, and in the form of two ligamentous bands

(piso-hamate and piso-metacarpal) into the hamulus of the os hamatum, and the

proximal end of the fifth metacarpal bone (Fig. 351, p. 392).

The muscle is superficially placed along the medial border of the forearm. It

conceals the flexor digitorum profundus muscle, the ulnar nerve (which enters
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the forearm between the two heads of origin of the muscle), and the ulnar
artery. The tendon serves as a guide to the artery in the distal half of

the forearm.

BlCKI'S BKA'IIII .
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torcm subumis

Flexor pollicis,

Loxors

Brachioradialis
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)
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(ti-niioii)
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Losors
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(ulnar origin)

Ki.EXOR
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Pronator teres
(insertion)

Flexor digitorcm
suBLiMis (radial

.

origin)

Flexor carpi ulnaris

Flexor DioiTORUM^-
SUBLIMIS "-^

Brachioradialis TENDON •- .4.

Flexor pollicis longv

Pronator quadrati

Flexor »igitori-m
prokindi's

Pisiform bone--

Flexor carpi radiams

Abductor pollicis loxgus

Fig. 345.

—

The Sipekkicial Muscles of
THE Left Forearm.

Fig. 346.

—

Deeper Muscles ok

THE Left Forearm.

Nerve-Supply.- Ulnar nerve (C. 8. T. 1.).

Actions.—The tii-xor carpi ulnaris is a flexor and adductor of the wrist, and an accessory

flexor of the elbow-joint.

26 rt
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2. Intermediate Layer.

M. Flexor Digitorum Sublimis.

—

The flexor digitorum sublimis occupies a

deeper plane than the four previous muscles. It has a threefold origin, from the

humerus, radius, and ulna. (1) The chief or humeral head of origin is from the

medial epicondyle of the humerus by the common tendon, from the ulnar collateral

ligament of the elbow, and from adjacent intermuscular septa. (2) The ulnar head

of origin is by a slender fasciculus from the medial border of the coronoid process of

the ulna, proximal and medial to the origin of the pronator teres (Fig. 348, p. 389).

(3) The radial head of origin is from
the proximal two-thirds of the volar

margin of the radius by a thin fibro-

muscular attachment (Fig. 348, p. 389).

The muscle divides in the distal

third of the forearm into four parts,

each provided with a separate tendon
which goes beneath the transverse car-

>YExiiansion of extensor tendon ^^i ligament, passes through the palm
I^^FLEXOR DICTORLM

^J ^^^ ^^^^^ ^^^ ^^^^^^ ^^^ COrrCSpOUd-

ing digital sheath of a finger. At
the wrist the four tendons are arranged

in pairs, those for the middle and ring

fingers in front, and those for the fore

and little fingers behind, and are sur-

rounded by a mucous sheath, along

with the tendons of the flexor digi-

torum profundus, beneath the trans-

verse carpal ligament. In the palm
of the hand the tendons separate, and
conceal the deep flexor tendons and
lumbrical muscles.

Within the digital sheath each

tendon is split into two parts by the

tendon of the flexor digitorum pro-

fundus ; after surrounding that tendon

the two parts are partially re-united on its deep surface, and are inserted, after

partial decussation, in two portions into the sides of the second phalanx.

The vincula tendinum form additional insertions of the muscle. They consist

of delicate bands of connective tissue enveloped in folds of the mucous sheath, and are

known as the vincula longa and brevia. The vinculum breve is a triangular band

of fibres containing yellow elastic tissue (ligamentum subflavum), occupying the

interval between the tendon and the digit for a short distance close to the insertion.

It is attached to the front of the inter -j^halangeal articulation and the head

of the first phalanx. The .ligamentum longum is a long narrow band extending

from the back of the tendon to the proximal part of the palmar surface of the

first phalanx.

Nerve-Supply.—Median nerve (C. 6.).

Actions. — The muscle is a flexor of the ellww, wrist, metacariJO-phalangeal and first

(proximal) interphalangeal joints.

Ainculuni breve

Flexor DiorroRL^M si'blimis

PROFUNDUS

First lumbrical muscle

First dorsal inter-
osseous MUSCLE

Extensor indicis
proprius tendon

Extensor digitorum
COMMUNIS tendon

Fig. 347. -The Tendons attached to the
Index Finger.

3. Deep Layer.

M. Flexor Digitorum Profundus.—The flexor digitorum profundus is a

large muscle arising from the ulna, the interosseous membrane, and the deep fascia

of the forearm, under cover of the flexor digitorum sublimis and the flexor carpi

ulnaris. Its ulnar origin is from the volar and medial surfaces of the bone in its

proximal two-thirds, extending y^roximally so as to include the medial side of the

olecranon, and to embrace the insertion of the brachialis muscle into the coronoid.
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Brachialis muscle (insertion)

Supinator intisclo

(ulnar origin)
Kloxordigitoruin sub-
limis (ulnar origin)
Pronator teres
(ulnar origin)
Klexor pr>llicislongns

(occasional origin)

Biceps brachii
(insertion)

Flexor digi-

torum sublimis
(radial origin)

Pronator teres
(insert,ion)

Flexor pollicis

longus (origin)

Flexor digitorum
profundus (origin)

process. It arises laterally from -the medial half of the interosseous membrane in

its middle third (Figs. 348, p. 389, and 349, p. 390), and medially from the deep
fascia of the forearm dorsal to the origin of the flexor carpi ulnaris.

The muscle forms a broad thick tendon which passes beneath the transverse

carpal ligament, covered by the tendons of the flexor digitorum sublimis, and
enveloped in the same mucous sheath, and divides, in the palm, into four tendons
for insertion into the terminal phalanges of the fingers. The tendon associated with
the forefinger is usually separate

from the rest of the tendons in

its whole length.

Each tendon enters the

digital sheath of the finger

deep to the tendon of the flexor

digitorum sublimis, which it

pierces opposite the first phalanx,

and is finally inserted into the

base of the terminal phalanx.

Like the tendons of the flexor

sublimis, those of the deep flexor

are provided with vincula, viz.,

vincula brevia attached to the

capsule of the second inter-

phalangeal articulation, and
vincula longa, which are in this

case connected to the tendons
of the subjacent flexor digitorum
sublimis.

Mm. Lumbricales. — The
lumbricales are four small

cylindrical muscles associated

with the tendons of the flexor

digitorum profundus in the palm
of the hand. The two lateral

muscles arise, each by a single

head, from the radial sides of the

tendons of the flexor digitorum
profundus destined respectively

for the fore and middle fingers.

The two medial muscles arise, each

by two heads, from the adjacent

sides of the second and third, and
third and fourth tendons.

From their origins the mus-
cles are directed distally to

the lateral side of each of the

metacarpo- phalangeal joints, to

be inserted into the capsules of

these articulations, the lateral

border of the first phalanx, and
chiefly into the lateral side of the

extensor tendon on the dorsum of the phalanx. The lumbricales vary considerably
in number, and may be increased to six or diminished to two.

Nerve-Supply.—Tlie flexor digitorum profundus is supplied in its lateral part by the volar
interosseous branch of the median nerve (C. 7. 8. T. 1.) ; and in its medial part by the ulnar
nerve (C. 8. T. 1.). The lateral two lumbricales are supplied by the median nerve (C. 6. 7.), and
the medial two muscles by the ulnar nerve (C. 8. (T. 1.)).

Actions.—The flexor digitorum profundus is a powerful flexor of the wrist. It also flexes
the fingers at the metacarpo-phalangeal joint, ancf acts in a similar way at both the inter-
phalangeal joints.

The lumbrical muscles act as flexors of the fingers at the metacarpo-phalangeal joints, and

Pronator quad-
ratus (insertion)

Brachioradialis
(insertion)

Pronator quadratus
(origin)

Fkj. MS. -Muscle-Attachments to the Right Radius
AND Ulna (Volar Aspects).
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Biceps bhaoiii

Lacertcs fibrosus

(by tlieir attacliment to the extensor tendons) as extensors of the fingers, acting on both inter-
phalangeal joints.

M. Flexor Pollicis Longus.—The flexor pollicis longus arises, beneath the
tlexor digitorum siiblimis, by fleshy fibres, from the volar surface of the body of

the radius in its middle two-
fourths, and from a corresponding

portion of the interosseous mem-
brane. It has an additional origin,

occasionally, from the medial border
of the coronoid process of the ulna

(Fig. 348, p. 389). Its radial origin

is limited proximally by the oblique

proximal part of the volar margin
of the radius and the origin of the

flexor digitorum sublimis, and
distally by the insertion of the

pronator quadratus muscle.

The muscle ends, proximal to

the wrist, in a tendon, which passes

over the pronator quadratus into

'

the hand beneath the transverse

carpal ligament, and is enveloped

in a special mucous sheath.

In the palm the tendon is

directed distally along the medial

side of the thenar eminence, be-

tween the flexor brevis and ad-

ductor muscles of the thumb, to

be inserted into the base of the

terminal phalanx of the thumb
on its volar surface.

The muscle is placed deeply in

the forearm, being concealed by the

superficial layer of muscles and by
the flexor digitorum sublimis.

Nerve - Supply.—Volar interosseous

branch of the median (C. 7. 8. T. 1.).

Actions.—The muscle is a flexor of

the wrist and thumb, acting in the latter

movement on the metacarpal bone and
both phalanges.

M. Pronator Quadratus.

—

The
pronator quadratus is a quadri-

lateral fleshy muscle, occupying

the distal fourth of the forearm.

It is placed beneath the deep flexor

tendons, and arises from the distal

fourth of the volar margin and

surface of the ulna (Fig. 348,

p. 389).

It is directed transversely later-

ally to be inserted into the distal

fourth of the volar surface of the

radius, and into the narrow tri-

angular area on its medial side, in

front of the attachment of the interosseous membrane (Fig. 348, p. 389).

The pronator quadratus is subject to considerable variations. It may even be

absent ; or it may have an origin from radius or ulna, or from both bones, and an

insertion into the carpus.

Flexor digitorum
profundus

Flexor digitorum
PROFUNDUS (for-

iiidex linger)

Flexor pollicis longus

Brachioradiali

Pronator quadratus

Flexor digitorum
sublimis

Pisiform bone-

Flexor carpi radialis,.

Abductor pollicis
L0NOU8

Fig. 349. —The Deepest Muscles on thi; Volar Aspect

OF THE Left Foreakm.
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The muscle is placed deeply in the distal part of the forearm, and is wholly

concealed by the teudons of the nniscles which desceml, under cover of the

transverse carpal ligament, to the wrist and fingers. The ratlial artery and its

accompanying veins pass over it at its insertion into the radius.

ABDUCTpB rOI.LICIS UlNlU'S „..

Extensor pollicis brevis -f

Abductdr pollicis bre\ is

Opponens pollicis

Flexor pollicis brevis ^. ^
(siiperticial part)

Adductor pollicis (obli'iiu'

heaU)-^.^

Addcctor pollicis (trans-

,

vorse head)

A norcTOR
I'OLLICIS

BREVIS

^^^^. Pronator yrADRATUs

Kl.KXOR CARPI L'LNARIS

PlSIKOKM BONE

Hook of os hamatum

ABDICTOR DIOITI QUINTI (CUt)

Fi KXfiR digiti qdinti brevis (cut)

Third volar interosseous mvscle

-- Fourth dorsal interosseous musclk

Second volar interosseous muscle

Third dorsal interosseous muscle

Flexor digiti quisti

HKEvis and Abductor
Ii|i;lTl QUINTI INSERTION

Tendons of third and
FOURTH LUMBBICALS

Flexor digitorum sublimls tendon

Digital sheath

Flexor digitorum profu
tendon

Flexor digitorum profundi's
insertion"

Fig. 350.—The Palmar Muscles (Right Side).

Nerve-Supply.—Volar interosseous branch of the median nerve (C. 7. 8. T. 1.).

Action.—The muscle acts along with the pronator teres in producing pronation of the

forearm.

SHORT MUSCLES OF THE HAND.

The short muscles belonging to the hand, in addition to the palmaris brevis

and the lumbrical muscles, ab-eady described, include the six muscles of the
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thumb which produce the thenar eminence, the three muscles of the little finger,

which form the hypothenar eminence, and the interossei muscles, which are

deeply placed between the metacarpal bones.

Muscles of the Thumb.

The short muscles of the thumb are the abductor, opponens, and flexor brevis

(with its deep portion, interosseus jprimus volaris), and the adductor muscle, sub-

divided into two heads—oblique and transverse.

M. Abductor Pollicis Brevis.

—

The abductor poUicis brevis (O.T. abductor
pollicis) arises by fleshy fibres from the tubercle of the navicular, the ridge of the

greater multangular, the volar surface of the transverse carpal ligament, and from

Capitate bone

NaMcular bone

Abductor pollicis brevib (origin)

Opponens pollicis (origin)

Greater multangular bone J

Abductor pollicis longus
(insertion)

Lesser inultangulai bone

Opponens pollicis (inseition)

Flexor carpi radialis

(insertion)

Adductor pollicis

(origin of oblique
head)

Os lunatum

Os liamatuni

quetrum

Pisifoiia bone

First dorsal interosseous muscle
(one origin)

First volar interosseous muscle
(origin)

Abductor digiti qiiinti (origin)

Flexor carpi ulnaris (insertion)

Plexor brevis digiti quinti
(origin)

Flexor carpi ulnaris (insertion)

Opponens digiti quinti
(origin and insertion)

Third volar inter-

osseous muscle
(origin)

Fourth dorsal interosseous

inubcle (one origin)

Second volar interosseous

muscle (origin)

Second dorsal interosseous
muscle (one origin)

Adductor pollicis (origin

of transverse head)
Third dorsal interosseous

muscle (one origin)

Fig. 3.51.

—

Muscle-Attachments to the Volar Aspect of the Carpus and Metacarpus,

tendinous slips derived from the insertions of the palmaris longus and abductor

pollicis longus muscles (Fig. 350, p. 391). Strap-like in form, and superficial in

position, it is inserted by a short tendon into the radial side of the first phalanx of

the thumb at its proximal end, and into the capsule of the metacarpo-phalangeal

joint.

Nerve-Supply.—Median nerve (C. 6. 7.).

Actions. The muscle acts on the thumb at both the carpo-metacarpal and metacarpo-

phalangeal joints. It abducts and draws forward the thumb.

M. Opponens Pollicis.

—

The opponens pollicis arises by fleshy and tendinous

fibres from tlie volar surface of the transverse carpal ligament and from the ridge

on the greater multangular bone. It is partially concealed by the preceding

muscle.

Extending distally and laterally it is inserted into the whole length of the

lateral border and the radial half of the volar surface of the first metacarpal bone

(Fig. 351, p. 392).
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Nerve-Supply. —Median nerve (C. 6. 7.).

Action. It acts solely on the fii-st metacarpal bone, in the movement of opposition of the
tluimb.

M. Flexor Pollicis Brevis.

—

The flexor pollicis brevis consists of two parts.

a. The sicperjicial part of the muscle, partly concealed by the abductor pollicis

brevis, arises, by fleshy aud tendinous fibres, from the distal border of the transverse

carpal ligament, and sometimes from the ridge of the greater multangular.

It is inserted into the radial side of the base of the first phalanx of the

thumb, a sesamoid bone being present in the tendon of insertion.

b. 'The deep part of the muscle (interosseus primus volaris) arises from the

medial side of the base of the first metacarpal bone.

It is inserted into the medial side of the base of the first phalanx of the thumb
along with the adductor pollicis.

This little muscle is deeply situated in the first interosseous space, in the

interval between the adductor poUicis obliquus and the first dorsal interosseous

muscle. It may be regarded as homologous with the volar interossei muscles,

with which it is in series.

Nerve-Supply. - Median nerve (C. 6. 7.).

Actions.— It is a flexoi- of the thumb and assists also in the movement of opposition of the

thumb to the linger.-.

M. Adductor Pollicis.—The adductor pollicis is .separated into two parts by
the radial artery.

(1) The oblique head lies deeply in the palm, covered by the tendons of the long
flexors of the thumb and fingers. It arises by fleshy fibres from the volar surfaces

of the greater and lesser multangular and capitate bones, from the sheath of the

tendon of the flexor carpi radialis, from the volar surfaces of the bases of the

second, third, and fourth metacarpal bones, and from the volar ligaments con-

necting the.se bones together (Fig. 351, p. 392).

It is inserted by a tendon, in which a sesamoid bone is developed, into the

medial side of the base of the first phalanx of the thumb. At its lateral border

a slender slip separates from the rest of the muscle, and passing obliquely, deep to

the tendon of the flexor pollicis longus, is inserted into the lateral side of the base

of the first phalanx along with the superficial part of the flexor pollicis brevis.

(2) The transverse head, lying deeply in the palm beneath the flexor tendons,

arises by fleshy fibres from the medial ridge on the volar aspect of the body of the

third metacarpal bone, in its distal two-thirds (Fig. 351, p. 392), and from the fa.scia

covering the interosseous muscles in the second and third spaces.

Triangular in form, it is directed laterally, over the interossei muscles of the

first two spaces, to be inserted by tendon into the medial side of the base of the

first phalanx of the thumb along with the oblique head.

Nerve-Supply. —Deep branch of the ulnar nerve (C. 8. (T. 1.)).

Actions.—Adduction aud opposition of the thumb.

IVIuscIes of the Little Finger.

The short muscles of the little finger are t^he adductor, opponens, and flexor

brevis digiti quinti.

M. Abductor Digiti Quinti.

—

The abductor digiti quinti is most superficial.

It arises from the pisiform bone and from the tendon of the flexor carpi uluaris

and its ligamentous continuations (Fig. 351, p. 392).

It is inserted by tendon into the medial side of the base of the first phalanx of

the little finger.

Nerve-Supply.—Deep branch of the ulnar nerve (C. 8. (T. 1.)).

Actions.—Till- muscle separates the little finger from the ring finger, and assists in flexion of
the finger at the metacarpo-phalangeal joint.

M. Opponens Digiti Quinti.

—

The opponens digiti quinti arises under cover
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of the preceding muscle, by tendinous fibres, from the transverse carpal ligament
and from the hamulus of the os hamatum.

It is inserted into the medial margin and medial half of the volar surface of the
fifth metacarpal bone in its distal

three-fourths (Fig. 351, p. 392).

Nerve -Supply.—Deep branch of the
ulnar nerve (C. 8. (T. 1.)).

Action.—The muscle acts only on the
metacarpal bone, drawing it forward, so as
to deepen the hollow of the hand.

M. Flexor Digiti Quinti Brevis.—The flexor digiti quinti brevis
may be absent or incorporated with
either the opponens or abductor digiti

quinti. It arises, by tendinous fibres,

from the transverse carpal ligament
and from the hamulus of the os

hamatum (Fig. 351, p. 392).

It is inserted along with the ab-

ductor into the medial side of the

first phalanx of the little finger.

Nerve -Supply.—The deep branch of

the ulnar nerve (C. 8. (T. 1.)).

Actions.—Flexion of the little finger

at the carpo-metacarpal and metacarpo-
phalangeal joints.

Fig. 352.

—

The Volar Interosseous Muscles
(Right Side).

V^, first ; V-, second ; and V^, third volar interosseous

muscles.

The Interosseous IVIuscIes.

The interosseous muscles of the hand occupy the spaces between the metacarpal
bone.s. They are arranged in two sets, volar and dorsal.

Mm. Interossei Volares.

—

The volar (O.T. palmar) interossei are three in

Extensor carpi ulnaris (insertion)

Fourth dorsal interosseous
muscle (origin)

Third dorsal inter-

osseous muscle
(origin)

Extensor carpi radialis

brevis (insertion)

Extensor carpi radialis

,/longus (insertion)

First dorsal inter-

osseous muscle
(origin)

Second dorsal interosseous
muscle (origin)

Fig. 353.

—

Muscle-Attachments to the Dorsal Aspect ok the Right Metacarpus.

number, occupying the medial three interosseous spaces. Each arises by a single head

;

t\\Q first from the medial side of the body of the second metacarpal bone ; the second

and third from the lateral sides of the bodies of the fourth and fifth metacarpal
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boues respectively (Fig. 352, p. 394). Each ends in a tendon which is directed

distally behind the deep transverse metacarpal ligament, to be inserted into the

dorsal expansion of the extensor tendon, the capsule of the metacarpo- phalangeal

articulation, and the side of the first phalanx' of the finger ; the first is inserted

into the medial side of the second linger ; the second and tJdrd into the lateral sides

of the fourth and tifth fingers. The deep part of the flexor pollicis brevis {inter-

osseus i-)rimus volaris) is to be regarded as the homologous muscle of the first

interosseous space.

Mm. Interossei Dorsales.—The dorsal interossei are four in number. Each

arises by two lieads from the sides of tiie metacarpal bones })Ounding each in-

terosseous space (Figs. 353, p. 394, and 354, p. 395).

Each forms a Heshy mass, ending in a membranous tendon which, passing

distally, behind the deep transverse metacarpal ligament, is inserted exactly like

the volar muscles into the dorsal aspect of each of the four fingers. The insertion

of the first dorsal interosseous muscle is into the lateral side of the index finger

;

the second muscle is attached to the lateral side of the middle finger; the third

Insektion of flexor
carpi ulnaris

ORIfilKS OF
volar inter-
osseous muscles

Insertion of
opponens digit!

gUINTI

Insertion of
- abductor DIC.ITI

QUINTI

Abductor pollicis urevis : origin (cut)—

Insertion of flexor carpi radialis

Insertion of opponens pollicis

Lateral head of First dorsa
interosseous crossed

interosseos primus volaris

Abductor pollicis urevis :

Insertion (cut)

Adductor pollicis obliquus
(insertion)

Adductor pollicis transversus-
(insertion)

First dorsal interosseous muscle
Second dorsal interosseous muscle
Third dorsal interosseous muscle
Fourth dorsal interosseous muscle

Fig. 354.

—

Dorsal Interosseous Muscles of the Hand (seen from the Volar Aspect).

muscle to the medial side of the same finger; and the fourth muscle to the medial

side of the ring finger.

The interosseous muscles of the hand in some cases have a disposition similar to

that of the corresponding muscles of the foot (p. 435).

Nerve-Supply.—The deej) brancli of the ulnar nerve (C. 8. (T. 1.)).

Actions.—The interossei muscles act in a similar way to, and along with, the lumbricales,

flexing the fingers at the metacarpo-phalangeal joints, and extending them at the inter-

phalangeal joints. In addition, the dorsal interossei serve to abduct the fingers into which they

are inserted (fore, middle, and ring fingers) from the middle line of the middle finger ; the volar

muscles on the other hand are adductors of the fingers into which they are inserted (fore, ring,

and little finger) towards the middle line of the middle finger.

THE MUSCLES ON THE DORSAL SURFACE OF THE FOREARM.

The group of muscles occupying the lateral side of the elbow and the dorsal

surface of the forearm and hand include the supinator muscles of the forearm and

the extensors of the wrist and digits. They are divisible into a superficial and a

deep layer.

The superficial layer comprises seven muscles, which are in order, from the

radial to the ulnar side of the forearm, the brachioradialis, the two radial extensors

of the carpus, the extensor digitorum communis and extensor digiti quinti proprius,

the extensor carpi ulnaris, and the anconoeus.
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The deep muscles are five in number : one, the supinator, extends between

the proximal parts of the ulna and radius ; the others are the special extensors

of the thumb and forefinger, viz., the abductor pollicis longus, extensor poUicis longus

and extensor pollicis brevis, and extensor indicis proprius. They cover the dorsal

surface of the bones of the forearm and the interosseous membrane, and are almost

wholly concealed by the superficial muscles. Only the abductor pollicis longus and

the extensor pollicis brevis become superficial in the distal part of the forearm,

where they emerge between the radial extensors of the carpus and the extensor

digitorum communis.

Superficial Muscles.

M. Brachioradialis.

—

The brachioradialis arises, by fleshy fibres, from the

anterior aspect of the proximal two-thirds of the lateral epicondylic ridge of the

humerus, and from the anterior surface of the lateral intermuscular septum

(Fig. 340, p. 380).

The muscle lies in the lateral side of the hollow of the elbow, passes distally

along the lateral border of the forearm, and ends about the middle of the forearm

in a narrow, flat tendon which is inserted, under cover of the tendons of the abductor

pollicis longus and extensor pollicis brevis, by a transverse linear attachment, into

the proximal limit of the groove for the above-named muscles on the lateral side

of the distal extremity of the radius. Some of its fibres gain an attachment

to the ridge on the volar margin of the groove, and others spread over the surface

of the groove for a variable distance (Figs. 355, p. 397, and 348, p. 389).

Nerve-Supply.—The muscle is supplied by a branch of the radial nerve (C 5. 6.) in the

hollow of the elbow.

Actions.—The muscle is primarily a flexor of the elbow-joint. It is also a semi-pronator and

semi-supinator of the forearm, bringing the limb from the supine or prone position, into a

position in which the radius is uppermost. It thus assists both the pronator and supinator muscles.

M. Extensor Carpi Radialis Long-us.—The extensor carpi radialis longus

arises, by fleshy fibres, from the anterior aspect of the distal third of the lateral

epicondylic ridge of the humerus, from the anterior surface of the lateral inter-

muscular septum, and from the common tendon of origin of succeeding muscles,

attached to the lateral epicondyle (Figs. 356 and 357, p. 399).

In the distal half of the forearm, it ends in a tendon which passes beneath the

dorsal carpal, ligament, to. be inserted into the dorsal surface of the base of the

second metacarpal bone on its radial side (Fig. 353, p. 394).

The muscle is concealed in its proximal part by the brachioradialis, and its

tendon, in the distal half of the forearm, is crossed, obliquely, by the abductor pollicis

and by the extensor pollicis brevis.

Nerve-Supply.—The muscle is supplied by a branch of the radial nerve in the hollow of the

elbow (C. (r,.) 6. 7. 8.).

Actions.—The muscle is an extensor of the wrist, and also an accessory flexor of the elbow-

joint.

M. Extensor Carpi Radialis Brevis.

—

The extensor carpi radialis brevis

arises from the common tendon, from the radiaL-aoUaieral ligament of the elbow,

from the fascia over it, and from intermuscular septa on either side.

It passes distally, in the dorsal surface~of the forearm and under the dorsal

carpal ligament, in close relation, to the previous muscle, to be inserted, by a tendon,

into the bases of the second and third metacarj)al bones (Fig. 353, p. 394). A
bursa ia placed beneath the two radial extensor tendons close to their insertion.

It is practically concealed, in the forearm, by the extensor carpi radialis longus,

and in the distal half is crossed obliquely by the abductor pollicis longus and the

extensor pollicis brevis. The tendons of the two muscles are crossed, on the dorsum

of the wrist, by the tendon of the extensor pollicis longus.

Nerve-Supply.—-The deep branch of the radial nerve (C. (5.) 6. 7. (8.)).

Actions.—Like the long extensor, this muscle extends the hand at the wrist; and is a

sub.sidiary flexor of the elbow -joint.
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Imi (iiiseiUon)

Biceps bracliii (insertion)

•Supinator muscle
(insertion)

Abductoi- poUicis longus
(origin)

Pronator teres

(insertion)

M. Extensor Digitorum Communis.

—

The extensor digitorum communis
arises from the common tendon, from the lateral epicondyle of the hiunerus, from
the fascia over it, and from intermuscular septa on either side. Extending along

the dorsum of the forearm it ends, proximal to the wrist, in four tendons, of which
the most lateral often has a separate Heshy belly. After passing under the

dorsal carpal ligament, in a compartment along with the extensor indicia

proprius, the tendons separate on

the dorsum of the hand, where
the three most medial tendons are

joined together by two obliquely

placed bands. One passes distally

and laterally, and connects to-

gether the third'and second ten-

dons ; the other is a broader and
shorter band, which passes also

distally and laterally, and joins

the fourth to the third tendon.

In some cases a third band is

present which passes distally and
medially from the first to the

second tendon ; and, frequently,

the tendon for the little finger is

joined to the tendon for the ring

finger, and separates from it only

a short distance above the distal

end of the metacarpal bone.

The tendons are inserted in

the following manner:—On the

finger each tendon spreads out so

as to form a membranous expan-

sion over the knuckle and on the

dorsum of the first phalanx. The
border of the tendon is indefinite

over the metacarpo - phalangeal

articulation, of which it replaces

the dorsal ligament. On the dorsum
of the first phalanx the tendon
receives at its sides the insertions

of the interosseous and lumbrical

muscles. At t^e distal end of the

first phalanx it splits into ill-de-

fined median and collateral slips,

which pass over the dorsum of the

first inter-phalangeal articulation,

where they replace the dorsal

ligament. The median slip, is

inserted into the dorsum of the

base of the second phalanx, while

the two lateral pieces become
united to form a membranous
tendon on the dorsum of the

second phalanx, which, after passing over the second inter-phalangeal articula-

tion, is inserted into the base of the terminal phalanx.

The muscle is placed superficially in the forearm, between the extensors of the

carpus and the proper extensor of the little finger.

Nerve-Supply.—The doi-sal interosseous nerve (C. (5.) 6. 7. 8.).

Actions. The muscle extends the elbow, wrist, and fingers. On account of the attachment
together of the tendons to the third, fourth, and fifth fingers by accessory bands in the dorsum of
the hand, these three fingei-s can only be fully extended together, while extension of the fii-st finger

Extensor poUicis
(origin)

brevis

Fig. 355.

Hi-achioradialis

(insertion)

Groove for tendons of
radial extensors of
carpus
Groove for extensor
pollicis longus

Groove for extensor digitorum com-
munis and extensor indicis i)roprius

-Mdscle-Attachments to the Right R.\Dirs

AKD Ulna (Dorsal Aspect).
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can take place separately. In extension of the inter-plialangeal joints, the muscle is aided by
the interossei and lumbrical muscles.

M. Extensor Digiti Quinti Proprius.

—

The extensor digiti quinti proprius

has an origin, similar to and closely connected with that of the preceding muscle,

from tlie common tendon, the fascia over it, and from intermuscular septa.

It passes along the dorsum of the forearm, as a narrow fleshy slip, between the

extensor digitoriim communis and the extensor carpi ulnaris, and ends in a tendon,

which occupies a groove between the radius and ulna in a special compartment

of the dorsal carpal ligament. On the dorsum of the hand the tendon, usually

split into two parts, lies on the medial side of the tendons of the extensor

digitorubi communis, and is finally inserted into the expansion of the extensor

tendon on the dorsum of the first phalanx of the little finger.

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. 8.).

Actions.—The muscle extends the elbow, wrist, and little finger.

M. Extensor Carpi Ulnaris.

—

The extensor carpi ulnaris has a double origin

:

(1) from the common tendon from the lateral epicondyle of the humerus, from the

fascia over it, ami from the intermuscular septa ; "^nd (2), through the medium of

the deep fascia, from the dorsal nwginof the ulna in its^jnjddle two,-fourths.

Lying in the forearm upon tKedorsal surface -of the ulna, it ends in a tendon

which occupies a groove on the dorsal surface of the ulna in a special compartment

of the dorsal carpal ligament, and is inserted into the medial side of the base of

the fifth metacarpal bone (Fig. 353, p. 394).

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. S.^^JP
Actions.—The muscle is an extensor of the wrist, and at flJP^me time, acting with the

flexor carpi ulnaris it is a jiowerful adductor of the wrist. Its hiifheral attachment makes it also

a subordinate extensor of the elbow-joint. H^.

M. Anconseus.

—

The anconseus is a small trianguls^ muscle. It arises, by a

separate tendon, from the distal part of the dorsal surface of the lateral epicondyle

of the humerus (Fig. 341, p. 380), and from the dorsal part of the capsule of

>. the elbow-joint.

\ It covers part of the dorsal surface of the elbow-joint and proximal part of

the ulna, and is inserted, by fleshy fibres, into a triangular surface on the lateral

aspect of the olecranon and dorsal surface of the ulna, as far distally as the oblique

line (Fig. 355, p. 397). It is ^Iso inserted into the fascia which covers it.

The epitrochleoanconaeus is an occasional small muscle which arises from the dorsal surface

of the medial epicondyle of the humerus, and is inserted into the medial side of the olecranon.,

It covers the ulnar nerve in its passage to the forearm.

Nerve-Supply.—The muscle is supplied by the terminal branch of the nerve to the medial

head of the triceps muscle from the radial (C. 7. 8.).

Actions.—The anconeeus is an extensor of the elbow.

Deep Muscles.

M. Supinator.

—

The supinator muscle (O.T. supinator radii brevis) is the

most proximal of the deeper muscles. It is almost wholly concealed by the

superficial muscles, and has a complex origin,— (1) from the lateral epicondyle

of the humerus
; (2) from the radial collateral, and annular ligaments of the

elbow-joint
; (3) from the triangular surface on the shaft of the ulna just distal

to the radial notch ; and (4) from the fascia over it.

From this origin the muscle spreads laterally and distally, enveloping the

proximal part of the radius, and is inserted into the volar and lateral surfaces of

the bone, as far forwards as the tubercle of the radius, as far proximally as the

neck, and as far distally as the oblique line and the insertion of the pronator teres

(Figs. 348, p. 389, and 355, p. 397).

The muscle is divisible into superficial and deep imrts with humeral and ulnar

origins, between which the deep branch of the radial nerve passes in its course

to the dorsal part of the forearm.
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Nerve-Supply. -The supinator is shpplied by a branch from the deet) brancli of the radial

nerve, which arises from the nerve before the main trunk enters tin; muscle (C. 5. 6.).

Action.—The muscle is an extensor of the elbow, and the main supinator of tlie forearm.

In the latter action it is assisted by the biceps.
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—

Deep Muscles on the Dorsum
OF THE Left Forearm.

M. Abductor Pollicis Longus.

—

The abductor pollicis longus (O.T. extensor
ossis metacarpi pollicis) arises by fleshy fibres, distal to the supinator muscle,
from the most proximal of the narrow impressions on the lateral half of the
dorsal surface of the ulna; from the middle third of the dorsal surface of
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the radius ; and from the intervening portion of the interosseous membrane
(Fig. 355, p. 397).

Becoming superficial in the distal part of the forearm, along with the extensor

pollicis brevis, between the extensors of the wrist and the common extensor of the

fingers, its tendon passes, with the latter muscle, under cover of the dorsal carpal

ligament, to be inserted into the lateral side of the base of the first metacarpal bone
(Fig. 356, p. 399). From the tendon, close to its insertion, a tendinous slip passes

to the abductor pollicis brevis and the fascia over the thenar eminence, and
another is frequently attached to the greater multangular bone.

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. 8.).

Actions.—The muscle abducts the metacarpal bone of the thumb, and assists in abduction
and extension of the wrist

M. Extensor Pollicis Brevis.—The extensor pollicis brevis (O.T. extensor
primi internodii pollicis), an essentially human muscle, is a specialised portion of

the previous muscle. It arises from a rhomboid impression on the dorsal surface of

the radius, and from the interosseous membrane, distal to the abductor pollicis

longus (Fig. 355, p. 397). It is closely adherent to that muscle, and accompanies it

deep to the dorsal carpal ligament and over the radial artery to the thumb.
Its tendon is then continued along the dorsal surface of the first metacarpal

bone, to be inserted into the dorsal surface of the base of the first phalanx of the

thumb. Before reaching its insertion the tendon helps to form the capsule of the

metacarpo-phalangeal joint.

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. 8.).

Actions.—The muscle extends the wrist and thumb (or the metacarpo-phalangeal joint),

and assists in abduction of the wrist and thumb.

M. Extensor Pollicis Longus.—The extensor pollicis longus (O.T. extensor
secundi internodii pollicis) arises from the lateral part of the dorsal surface of

the ulna, in its middle third, and from the interosseous membrane, distal to the

abductor pollicis longus (Fig. 355, p. 397). Its tendon grooves the dorsal surface

of the radius, and occupies a special compartment under cover of the dorsal carpal

ligament.

Extending obliquely across the dorsal surface of the hand, the tendon crosses

the radial artery, helps to form the capsule of the first metacarpo-phalangeal
articulation, and is inserted into the dorsal surface of the base of the second phalanx
of the thumb.

At the wrist the tendons of the muscles of the thumb, the abductor pollicis longus

and extensor pollicis brevis laterally, and the extensor pollicis longus medially,

bound a hollow (the " anatomical snuff-box ") best seen in extension and abduction

of the thumb, which corresponds to the position of the radial artery as it winds
round the wrist to reach the palm of the hand.

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. 8.).

Actions.—This muscle is an extensor and an abductor of the thumb, and of the wrist. >

M. Extensor Indicis Proprius.

—

The extensor indicis proprius (O.T. extensor
indicis) arises, distal to the extensor pollicis longus, from the most distal impression

on the dorsal surface of the ulna, extending distally from the middle of the body
to within two inches of its distal end, and sometimes also from the interosseous

membrane (Fig. 355, p. 397). Its tendon passes through a compartment of the

dorsal carpal ligament along with the tendons of the extensor digitorum communis.
On the dorsum of the hand the tendon lies on the medial side of the tendon of

the common extensor destined for tlie forefinger, and is inserted into the forefinger,

joining the membranous expansion of the tendon of the extensor digitorum
communis on the dorsum of the first phalanx.

Nerve-Supply.—The dorsal interosseous nerve (C. (5.) 6. 7. 8.).

Actions.—The muscle is an extensor of the wrist and forefinger.
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Actions of the Muscles of the Forearm and Hand.

These muscles are concerned in tlie movements of the elbow, wviat, and digits.

In tlie majority of cases the muscles act upon more than one joint.

1. Action on the Elbow-Joint.— It lias been shown already tliat tlcxion and extension

of the ilbuw are as5;isti<l l)y ci-rtaiii of these muscles. Tlie flexor muscles are the pronator

teres, and tlie tle.xor muscles of the wrist and lingers. In the position of pronation, the move-

ment of iiexion is aided by the brachioradialis and extensor muscles of tne wrist and fingers.

The extensors are the supinator muscle and ancon£eu8, and the extensor muscles of the wrist and

fingers.

2. Pronation and supination of the liand are performed by special muscles, aided by muscles

which act also uiioii other juiuts. The brachioradialis assists in flexion and pronation on the one

hand, and in extension and supination on the other hand. In the supine position it assists

pronation, and in the prone position it assists supination, in each case bringing the hand into

the position intermediate between pronation ^d supination.

PronatioiL
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and extension (occurring at the carpo-metacarpal, metacarpo-phalangeal, and inter-phalangeal
joints) ; abduction and adduction, together with circumduction (occurring at the carpo-metacarpal
joint).

The muscles and their respective actions are given in the following table :

—

Flexion.
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The deep fascia or fascia lata forms a tubular investment for the muscles and

vessels of the thigh and buttock. It is firmly attached above to the iliac crest, the

sacro-tuterous ligament, the ischium, the pubic arch, the pubic symphysis and crest,

and the inguinal ligament. In the distal part of the thigh it forms the inter-

muscular septa ; and in relation to the knee, it is continuous with the deep fascia

of the leg, gains attachment to the patella, the condyles of the tibia and tlie head

of the tilnila, and forms the collateral ligaments of the patella.

On the front of the thigh the deep fascia is thick and strong. It is pierced by

numerous openings for vessels and nerves, the most important of which is the fossa

ovalis (O.T. saphenous opening) for the passage of the great saphenous vein. A femoral

Linea alba -

Lig. fundiforme penis
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Internal spermatic
fascia

Dorsal vein of penis
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( superficial fascia
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Superficial external
puilendal artery

Superficial sub-
inj;uinal lymph gland

Great saphenous
vein

Fig. 35S.

—

Siterficial Anatomy ok ihe Lkft Groin.

hernia passes through this opening to reach the groin and anterior abdominal waLL

It is an oval opening, of variable size, situated just distal to the medial half of the

inguinal ligament, and immediately anterior to the femoi'al vessels. It is covered

by the superficial fascia, and by a special layer of fascia, the fascia cribrosa, a thin

perforated lamina attached to the margins of the opening. The lateral edge of the

opening (margo falciformis) is formed by the margin of the iliac portion of the

fascia lata, which is attached above to the iliac crest and the inguinal ligament

;

the medial edge is formed by the fascia pectinea which is continued proximally,

behind the femoral sheath, over the adductor longus and pectineus muscles to the

ilio-pectineal line and the capsule of the hip-joint. These two layers of the fascia

lata are continuous at the distal concave margin of the fossa ovalis, forming its

inferior comu. As they pass proximally towards the pelvis they occupy different

27 a
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planes, the iliac portion being in front of the sheath of the femoral vessels, while

the pectineal fascia is behind it. The superior cornu of the fossa ovalis, placed

in front of the sheath, is derived solely from the iliac portion of the fascia lata. It

forms a strong triangular band of fascia known as the falciform margin, attached

above to the medial half of the inguinal ligament. It has an important share in

directing the course of a femoral hernia upwards on to the abdominal wall.

On the medial side of the thigh the fascia lata is thin where it covers the

adductor muscles. At the knee it is associated with the tendons of the vasti

muscles, and forms the collateral ligaments of the patella, attached to the borders of

the patella and to the condyles of the tibia. On the lateral side of the thigh it
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—

The Dissectjon of the Left Inguinal Canal.

forms the tractus iliotibialis—a broad thick layer of fascia which is attached above

to the iliac crest, and receives the insertions of the tensor fasciae lata3, and part of

the glutseus maximus muscles ; its distal attachment is to the capsule of the knee-

joint and the lateral condyle of the tibia. A strong band of fascia continued

proximally from the ilio-tibial tract, beneath the tensor fasciae latae muscle, joins

the tendon of origin of the rectus femoris and the capsule of the hip-joint.

On either side of the thigh above the knee an intermuscular septum is formed.

The lateral intermuscular septum extends medially from the ilio-tibial tract to the

lateral epicondylic line and linea aspera of the femur, and gives attachment to

the vastus lateralis and vastus intermedins anteriorly, and the short head of

the biceps posteriorly. The medial intermuscular septum in the distal third of the

thigh is associated with, and to a large extent represented by, the tendon of insertion

of the adductor magnus muscle. It is also related to the fascia which envelops the
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adductor muscles, and forms the sheaths for the sartorius .ind gracilis muscles. In

the middle third of the thigh the fascia under the sartorius is greatly thickened by

transverse fibres and binds together the vastus medialis and adductor longus and
adductor magnus muscles. This layer of fascia roofs over the femoral vessels in

their course through adductor camd (Hunter's).

Tlie fascia lata of the buttock is tiiick anteriorly where it covers and gives

origin to the glutaius medius, thinner posteriorly over the glutseus maximus, at

the upper border of which it splits to enclose the muscle. It is thickened over

the greater trochanter, where it forms the insertion of the greater part of the

latter muscle.

On the posterior surface of the thigh and over the popliteal fossa the fascia is

strengthened by transverse fibres derived from the hamstring muscles. The
popliteal fascia forming the roof of the popliteal fossa is specially thick, and is

usually pierced by the small saphenous vein.

Femoral Sheath.—This is a conical membranous investment, derived from

the fascial lining of the al)dominal cavity, the fascia transversalis in front and the

fascia iliaca behind, prolonged along the femoral vessels in their passage behind

the inguinal ligament into the femoral triangle. The sheath is about an inch and

a half in length, and is divided into three compartments—a lateral space for the

artery, an intermediate space for the vein, and a medial channel containing lymph
vessels and fat, and named the femoral canal. This canal is the passage through

which a femoral hernia enters the thigh. Its proximal limit is the femoral ring,

bounded anteriorly by the inguinal ligament, posteriorly by the origin of the

pectineus muscle from the pu])is, medially hy the ligamentum lacunare (Gimbernati),

and laterally by the femoral vein. In front of it the fascia transversalis

forming the sheath is thickened to form the deep femoral arch. The part of

the inguinal ligament in front of the ring is called the superficial femoral arch.

The inferior epigastric artery separates the ring from the abdominal inguinal

ring. The canal ordinarily contains fat which is continuous above with the

extra -peritoneal tissue. The ring is filled by a plug of fat or a lymph gland,

constituting the femoral septum.

The femoral canal ends behind the fossa ovalis, covered by the fascia cribrosa,

while the falciform margin crosses over it and conceals its proximal portion.

The course of a femoral hernia is determined by this band. The hernia descends

through the femoral ring, pushing the femoral septum before it ; after passing through

the femoral canal, it is directed forwards through the fossa ovalis. The anterior

part of the hernia being pressed upon and retarded by the femoral arches, and by

the falciform margin, the posterior part pushes onwards, hooks round the falciform

margin, and is directed upwards over the inguinal ligament. The coverings of a

femoral hernia, in addition to peritoneum and extra-peritoneal tissue (femoral

septum), are femoral sheath, fascia cribrosa, superficial fascia, and skin.

MUSCLES OF THE THIGH AND BUTTOCK.

The muscles of the thigh and buttock are divisible into four main groups by

their situation, action, and nerve-supply. On the anterior surface of the thigh are

the quadriceps femoris, the sartorius, ilio-psoas, and pectineus muscles ; on the

medial side of the thigh are the adductor muscles ; in the region of the buttock

are the glutsei and rotators of the hip-joint ; and on the posterior aspect of the

thigh are the hamstring muscles.

THE MUSCLES ON THE ANTERIOR ASPECT OF THE THIGH.

The chief muscle on the anterior aspect of the thigh is the quadriceps femoris,

which occupies the space between the tensor fascite latoe and ilio-tibial tract

laterally, and the sartorius medially. The sartorius crosses the thigh obliquely

;

it separates the quadriceps femoris from the adductor muscles ; it forms in the

proximal third of the thigh the lateral boundary of the femoral triangle, and in

27 &
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Psoas majok

Tensor fasci.b
LAT^

•— Ilio-tibial tract

__ Gracilis

the middle third of the thigh, the
roof of adductor canal (Hunter's).

The ilio-psoas, passing into the
thigh beneath the inguinal liga-

ment, assists, along with the

pectineus and adductor muscles,

in forming the floor of the femoral
triangle.

M. Sartorius.

—

The sartor-

ius, a long strap-like muscle, arises

from the superior anterior spine

of the ilium and half of the margin
of the notch below it (Fig. 360).

It passes distally in the thigh,

across the medial side of the knee,

and is inserted, by aponeurotic

fibres, into the medial surface of

the body of the tibia just distal

to the medial condyle, and by
its borders into fascial expansions
which join the capsule and the

tibial collateral ligament of the

knee-joint, and the fascia lata of

the leg (Fig. 363, p. 408).

The sartorius is superficial in

its whole extent. Its proximal
third forms the lateral boundary
of the femoral triangle ; its middle
third forms the roof of the ad-

ductor canal ; and its distal third,

in contact with the medial side of

the knee, is separated from the

tendon of the gracilis muscle by
the saphenous nerve and the

saphenous branch of the arteria

genu suprema. A bursa lies be-

neath the tendon at its insertion.

Nerve -Supply.— The sartorius is

supplied by two sets of nerves associated

with the two intermediate cutaneous
branches of the femoral nerve (L. 2. 3.).

Actions. — The sartorius, " the

tailor's muscle," is a flexor of the hip
and knee joints. It also everts the

thigh and assists in medial rotation of

the tibia.

M. Quadriceps Femoris.

—

The quadriceps femoris is com-
posed of four muscles—the rectus

femoris, vastus lateralis, vastus

intermedius, and vastus medialis.

The rectus femoris is super-

ficial except at its origin, which
is covered by the glutsei, sartorius,

and tensor fasciae latte muscles.

The vasti lie on either side of

the rectus muscle, the vastus

lateralis being partially concealed

by the tensor fasciae latee and ilio-tibial tract, the vastus medialis by the sartorius

Rectus femoris

Vastus
medialis

Tendon ok
RECTUS femoris

Fig. 360.-

LlOAMENTUM
PATELL/K

-The Muscles of the Anteuior Aspect of

THE Right Thigh.
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muscle. The vastus intermedius envelops tlie femur, and is concealed by the other
muscles.

M. Rectus Femoris. — The rectus
femoris has a double tendinous origin. (1^

The straight head arises from the inferior

anterior spine of the ilium (Fig. 366, p. 412)

;

(2) the reflected head springs from a rough
groove on the dorsum ilii just above the

highest part of the acetabulum (Fig. 306,

p. 412;. A bursa lies beneath this head of

origin. The two heads, bound together and
connected to the capsule of the hip-joint by
a band of fascia derived from the deep
surface of the tensor fascise latre (ilio-tibial

tract), give rise to a single tendon which
extends, for some distance, on tlie anterior

surface of the muscle, and from which the

muscular fibres arise. The muscular fibres

springing from this tendon, and also from
a median septal tendon, present a bipennate

arrangement, and end below in a broad
tendon whicli passes proximally, for some
distance, along the posterior surface of the

muscle. This tendon gradually narrows
towards the knee, and spreading out again,

is inserted into the proximal border of the

patella. It receives laterally and medially J^'k- 361

parts of the insertions of the lateral and
medial vasti muscles, and on its deep surface

is joined by the insertion of the vastus intermedius, A bursa, which communi-
cates with the synovial membrane of the knee-joint, lies between the tendon and the
front of the distal end of the shaft of the femur.

Muscle-Attachments to the An-
terior Surface ok the i'koximal part ok
the Left Fe.muh.

Va.STUS MEDIAl.IS

Saphenous nerv(!.. y^,

Frtiiioral vessel

Adductor longus— i

Adductor macinu.s

Gracilis

SE.MIMKMBRANOSIS

Rectus kemoris

Vastus lateralis

Vastus
intermedius

Fpiiinr

liic Ei's Femoris (short head)

BiiEPS Fkmorls (long head)

Semitendinosus

Sciatic nerve

Fio. 362.—Transverse Section of the Thigh (Hunter's Adductor Canal).

1V[. Vastus Lateralis.—The vastus lateralis has an origin, partly fleshy, partly
-membranous, from (1) the capsule of the hip-joint, (2) the tubercle of the femur,
(3) a concave area on the anterior surface of the shaft of the bone medial to the

27 c
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Semi-membranosus
(insertion)

Ligamentum patellae
(insertion)

Popliteus (insertion)

Attachment of tibial col-

lateral ligament of the knee

Gracilis (insertion)

greater trochanter, (4) the distal border of the greater trochanter, (5) the lateral

margin of the gluteal tuberosity of the femur and the tendon of the glutseus

maximus, (6) the proximal half of the linea aspera, and (7) the fascia lata and .

lateral intermuscular septum (Fig. 360, p. 406).

It forms a thick, broad muscle directed distally and forwards, and is inserted

by a broad membranous tendon into (1) the lateral border of the tendon of the

rectus femoris, (2) the proximal and lateral border of the patella, and (3) the

capsule of the knee-joint and the fibular collateral ligament of the patella.

A bursa intervenes between it and the membranous insertion of the glutaius

maximus.
M. Vastus Medialis.—The vastus medialis is larger than the vastus lateralis

and has a more extensive origin, from (1) the distal two-thirds or more of the spiral

line, the linea aspera, and the proximal

two -thirds of the line leading from
the linea aspera to the medial condyle

of the femur
; (2) the membranous ex-

pansion of the fascia lata which lies

beneath the sartorius and forms the

roof of the adductor canal ; and (3) the

medial intermuscular septum and the

tendon of the adductor magnus (Figs.

359, p. 404, and 365, p. 410).

From its origin the muscle is

directed distally and laterally towards

the knee ; it is inserted by a strong

aponeurotic tendon into (1) the medial

border of the rectus tendon
; (2) into

the proximal and medial border of
semi-tendinosus (insertion) the patella; and (3) the capsule of

the knee-joint and the collateral liga-

ment of the patella. The muscle con-

ceals the medial side of the body of

the femur and the vastus intermedius,

with which it is closely incorporated in

its distal two-thirds.

M. Vastus Intermedius. — The
vastus intermedius muscle (O.T.

crureus) arises by fleshy fibres from

(1) the proximal two-thirds of the body
of the femur on the anterior and lateral

Fig. 363.—Muscle-Attachments TO THE Medial Side surfaces—but not the medial surface;
OF THE PROX.MAL PART OF THE RiGHT TiBIA.

^3) the distal half of thC ktcral ]ip

of the linea aspera and the proximal part of the line leading therefrom to the

lateral condyle ; and (3) a corresponding portion of the lateral intermuscular

septum (Fig. 359, p. 404).

For the most part deeply placed, the muscle is directed distally to an

insertion into the deep surface of the tendons of the rectus and vasti muscles by

means of fibres which join a membranous expansion on its surface. It is

closely adherent to the vastus lateralis muscle in the middle third of the

thigh ; it is inseparable from the vastus medialis below the proximal third.

In the distal third of the thigh it conceals the articularis genu muscle, a bursa,

and the proximal prolongation of the synovial membrane of the knee-joint.

M. Articularis Genu.—The articularis genu (O.T. subcrureus) muscle consists

of a number of separate bundles of muscular fibres arising deep to the vastus

intermedius from the distal fourth of the anterior surface of the femur, and
inserted into the synovial membrane of the knee-joint.

The four elements composing the quadriceps femoris muscle have been traced

in their convergence to the patella. Their ultimate insertion is into the tubercle

of the tibia (Fig. 363), by means of the ligamentum patellae, and the vasti
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muscles are in addition connected with the collateral ligaments of the patella. The

patella, indeed, is in one sense a sesamoid bone formed in the tendon of the muscle,

the lig'amentu'm patellse being the real tendon of insertion, and the collateral

ligume^nts fascial expansions from its borders. The insertion of the nmscle forms

the anterior part of the capsule of the knee-joint.

Midillf arcuate ligament

Vena caval opening

Aortic opening ^^ ^

(Esophageal opening in diaphragm

Anterior ranni.s

of twelftli

tlioracic ner\e

QuadKitus
liiniboruiii

Ilio-liypOKastric.

nerve

Uio-inguinal-

Lateral
cutaneous nerver

of thigh

Femoral ner\

CJenito-femoral

nerve

Obturator ner\e-r-T

Descentiiiig branch
of fourth lumbar'

nerve
Anterior ramus.
of fifth lumbar

nerve

Medial au^l

. lateral liimb")-

Vcostal arches

Ant. ramus of twelfth
"ilioracic nerve

..Quadratus
lumboiuiii
-Ilio-liypoga.stric

nerve
nio-inguinal

^soas nijyor

Genito-femoral
nerve

Lateral
.cutaneous nerve
of thigh

-Jliacus

Lumbo-sacral
trunk

Femoral nerve

Obturator neno

Fiu. 364.—The Vessels and Nervbs on the Posterior Abdominal Wall.

Nerve-Supply.—The parts of the quadriceps extensor are supplied by separate branches of

the femoral nerve (L. 3. 4.).

Actions.—The quadriceps muscle is the great extensor of the leg at the knee-joint. The

articuliiris genu draws proximally the synovial sheath of the joint during this movement.

The rectus femoris is in addition a flexor of the hip-joint. The straight head acts when

the movement begins ; the reflected head is tightened when the thigh becomes bent.

The ilio-psoas muscle is a compound muscle, consisting of two elements,-—

psoas (major and minor), connecting the femur and pelvic girdle to the axial
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Piriformis
(insertion)

Glutieus me<liiis

(insertion)

Obturator interniis and
gemelli (insertion)

Obturator externus
(inseition)

Quadratus femoris
(insertion)

Uio-psoas (insertion)

skeleton ; and another element, the iliacus, extending between the hip bone
and the femur. The muscles chiefly occupy the posterior wall of the abdomen
and pelvis major, only their lower parts appear in the thigh below the inguinal

ligament, in the lateral part of the femoral triangle.

M. Psoas Major.—The psoas major is a large piriform muscle, which has an
extensive origin, by fleshy fibres, from the vertebral column in the lumbar region.

It arises from (1) the intervertebral fibro-cartilages above each lumbar vertebra,

and the adjacent margins of the vertebras—from the inferior border of the 12th
thoracic to the superior border of the 5th lumbar vertebra

; (2) it arises also

from four aponeurotic arches which pass over the sides of the bodies of the

first four lumbar vertebrae ; and (3) it has an additional origin posteriorly from the

transverse processes of all the

lumbar vertebrae. The fibres form
a fusiform muscle which projects

over the superior aperture of the

pelvis and passes behind the

inguinal ligament, to end in a

tendon which is inserted into the

3>pex of the lesser trochanter of

the femur (Fig. 365). A bursa,

which may be continuous with

the synovial cavity of the hip-

joint, separates the tendon from
the pubis and the capsule of the

hip-joint.

M. Psoas Minor.—The psoas
minor (O.T. parvus) is often

absent (40 per cent). It arises

from the intervertebral fibro-car-

tilage between the last thoracic

and first lumbar vertebrae, and
from the contiguous margins of

those vertebrae. The muscle is

closely apposed to the anterior

surface of the psoas major.

It forms a slender fleshy belly,

and is inserted,by a narrow tendon,

into the middle of the linea

terminalis and the ilio-pectineal

eminence, its margins blending

with the fascia covering the psoas

major.

M. Iliacus. — The iliacus

muscle arises in the pelvis major

by fleshy fibres, mainly from a horseshoe-shaped origin around the margin of the

iliac fossa ; it has additional origins also from the ala of the sacrum, the anterior

sacro-iliac, lumbo-sacral, and ilio-lumbar ligaments, and outside the pelvis, from
the proximal part of the capsule of the hip-joint (ilio-femoral ligament). It is

a fan-shaped muscle, and its fibres pass distally over the hip-joint towards the lesser

trochanter of the femur.

Lying lateral to the psoas muscle, it passes through the femoral triangle,

and is inserted by fleshy fibres (1) into the lateral side of the tendon of the psoas

major
; (2) into the concave anterior and upper surfaces of the lesser trochanter

;

and (3) into the body of the femur distal to the lesser trochanter for about an inch

(Fig. 365) ; and (4) by its most lateral fibres into the capsule of the hip-joint.

These fibres are often separate, forming the iliacus minor, or iliocapsularis.

Glutap.us maxim us
(insertion)

Adductor magnus
(insertion)

Adductor brevis
(insertion)

Pectinens (insertion)

Vastus medial is (origin)

Fig. 365.

—

Muscle-Attachments to the Posterior Aspect
OF THE PROXIMAL PART OK THE LEFT FeMUR.

Nerve-Supply.- The psoas major is supplied directly by branches from the anterior rami of

the second and third lumbar nerves with additional branches in some cases from the first and fourth.
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The psoas minor receives a nerve from tlie Orst or second lumbar nerve. The iliacUB is

supplied bv branches from the femoral nerve (L. 2. 3. 4.) within the abdomen.
Actions.-The psoas minor assists the j)soas major in Hexing forwards and laterally the

vertebral column.
Besides this action the psoas major acts with the iliacus muscle as a flexor of the hip-joint.

Witli the thighs fixed the two muscles can draw the trunk downwards.

M. Pectineus.—The pectineus muscle arises by fleshy fibres from, (1) the

sharp anterior portion of the linea terminalis' of the pubis, and the triangular

surface of the pubic bone in front of the linea terminalis (Fig. 3G6, p. 412),

(2) the femoral surface of the ligamentum lacunare, and (3) the pectineal portion

of the fascia lata which covers it.

Forming a l)road muscular band, which lies in the floor of the femoral triangle,

medial to the ilio-psoas, it is inserted by a thin flat tendon, about two inches in

length, into the proximal half of the pectineal line, leading from the back of

the lesser trochanter of the femur towards the linea aspera ; its distal attachment

being placed in front of the insertion of the adductor brevis muscle (Fig. 365,

p. 410). The muscle may be occasionally divided into medial and lateral parts,

the former innervated by the obturator, the latter by the femoral nerve, i

Nerve-Supply.—The pectineus is always supplied by a branch of the femoral nerve (L, 2. 3.;

which passis medially behind the femoral vessels to enter its lateral border. It receives in

some instances an additional nerve from the obturator, or when that is present, the accessory

obturator nerve.

Actions.—The muscle is mainly an adductor of the hip-joint. It is also a flexor of the hip.

THE MUSCLES ON THE MEDIAL SIDE OF THE THIGH.

The muscles on the medial side of the thigh include the adductors of the femur

—the adductor longus, adductor brevis, and adductor magnus ; the gracilis, and the

obturator externus.

The gracilis is superficially placed along the medial side of the thigh. The
adductor muscles are placed in the medial part of the thigh between the hip bone

and the femur, and in different vertical planes. The adductor longus is in the

same plane as the pectineus and lies superficially in the femoral triangle ; the

adductor brevis, on a more posterior plane, is in contact with the obturator externus,

and along with it is largely concealed by the pectineus and adductor longus ; the

adductor magnus, the largest apd most posterior of these muscles, is in contact

with the other adductors and the sartorius anteriorly, while its posterior surface

is in relation to the hamstring muscles on the back of the thigh.

M. Gracilis.—The gracilis muscle is a long flat band placed on the medial

side of the thigh and knee. It arises by a tendon from the lower half of the edge

of the symphysis pubis, and for a similar distance along the border of the pubic

arch (Fig. 366, p. 412).

Its flattened belly passes distally, on the medial side of the thigh to the knee,

to end in a tendon, placed between the sartorius and semitendinosus, which expands

to be inserted into the medial surface of the body of the tibia just distal to the

medial condyle, behind the sartorius, and proximal to and in front of the

semitendinosus (Fig. 376, p. 420). It is separated from the sartorius tendon by

a bursa, and deep to its tendon is another bursa, common to it and the semi-

tendinosus. It is superficial in its whole extent.

Nerve-Supply.—Obturator nerve (L. 2. 3.).

Actions.—The gracilis has a threefold action. It adducts the thigh, and it flexes and rotates

medially the tibia.

M. Adductor Longus.—The adductor longus is a triangular muscle which lies

in the floor of the femoral triangle and the floor of adductor canal (Hunter's). It

arises from the anterior surface of the body of the pubis in the angle between the

crest and symphysis (Fig. 366, p. 412).

It extends distally and laterally, it is inserted into the middle two-fourths

of the medial lip of the linea aspera in front of the adductor magnus.
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Nerve-Supply.—Obturator nerve (L. 2. 3.).

Actions.—The muscle adducts and assists in flexing the thigh.

M. Adductor Brevis.

—

The adductor brevis is a large muscle which arises

from an elongated oval surface on the front of the body and upper part of the

inferior ramus of the pubic bone, surrounded by the other muscles of this group
(Fig. 366).

Directed distally and laterally the muscle expands, to be inserted, by a short

aponeurotic tendon, behind the insertion of the pectineus, into the distal two-
thirds of the line leading from the lesser trochanter of the femur to the linea

aspera, and to the proximal fourth of the linea aspera itself (Fig. 365, p. 410).

Nerve-Supply.—Obturator nerve (L. 2. 3. 4.).

Actions.—The muscle adducts and flexes the thigh.

Rectus feiuoris (straight head of origin)

. Rectus femoris (reflected head of origin)

. Attachment of ilio-feiuoral ligament

Pyramidalis abdominis (origin)

Rectus abdominis (origin)

racilis (origin)

Adductor brevis
(origin)

Semimembranosu: ^__
(origin) U m ^

Quadratus femoris "''
"'

(origin)

Biceps and semitendin-
osus (origin)

Fig. 36(5.—MuscLE-ATXACHMENXti to the Outer Suuface of the Right Pubis and Ischium.

M. Adductor Magnus.—The adductor magnus, the largest of the adductor

group, is a roughly triangular muscle. It arises, mainly by fleshy fibres, by a curved

origin from the lower part of the lateral border and a large portion of the adjoin-

ing inferior surface of the sciatic tuberosity, from the edge of the inferior ramus

of the ischium, and from the anterior surface of the inferior ramus of the pubic

bone, its most anterior fibres arising between the obturator externus and adductor

brevis (Fig. 366). Its upper fibres are directed horizontally and laterally from

the pubic bone towards the proximal part of the femur; the lowest fibres are

directed distally from the sciatic tuberosity to the medial condyle of the femur

;

while the intermediate fibres radiate obliquely laterally and distally.

The muscle is inserted by tendinous fibres (1) into the space distal to the

insertion of the quadratus femoris, proximal to the linea aspera; (2) into the
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whole length of the linea aspera
; (3) into the medial epicondylic line of the

femur
; (4) into the adductor tubercle on the medial condyle of the femur

:

and (5) into the medial intermuscular septum (Fig. 365, p. 410). The part of

the muscle attached to the space proximal to the linea aspera is often separated

from the rest as the adductor minimus. The attachment of the muscle to the

epicondylic ridge is interrupted for the passage of the femoral vessels into the

popliteal fossa. The attachment to the medial condyle is by means of a strong

tendon which receives the fibres arising from the ischium (the part of the muscle

associated with the hamstring group). This tendon is closely connected with the

tibial collateral ligament of the knee-joint.

The muscle is covered, anteriorly, by the other adductors and by the sartorius

muscle. The profunda femoris artery separates it from the adductor longus muscle.

Obturator nerv

Pubi

Psoas majoi

Branch to hip-joint

Deep brancli

Superficial branch

Descending muscular branches

Pectineus

Ascending branch to obturator
externus

Medial circumflex artery

Adductor long us

Adductor brevis

Cutaneous branch

Sacrum

Piriformis

GLUT^:rs maximus

Pelvic fascia

Obturator internus

Obturator externus

Ischium

Deep branch of medial circum-
flex artery of femur
QUADRATUS FEMORIS

Superflcial branch of medial
circumflex artery

Descending uiuscular branches

Adductor maonus

Branch to knee-joint

Branch to femoral artery Gracii.

Fig. 367.—Scheme of the Course and Distribution of the Right Obturator Ner\t!;.

while the femoral artery is in contact with the muscle as it pursues its course

through the adductor canal. The posterior surface of the muscle is in relation

with the hamstring muscles.

Nerve-Supply.—The adductor niagnus is a double muscle, and has a double nerve-supply.

The medial part of the mupcle •xtending between the tuber ischiadicum and the medial condyle

of the femur, associated with the hamstring group of muscles, derives its nerve from the nerve

to the hamstring muscles, from the tibial nerve (L. 4. 5. S. 1.). This enters the muscle on its

posterior surface.
i i. j v v. r

The adductor portion of the muscle is supplied on its anterior surface by the deep branch of

the obturator nerve (L, 3. 4.).

Actions.—The adductor magnus is an adductor and extensor of the thigh.

M. Obturator Externus.—The obturator externus is placed deeply, under

cover of the previous muscles. It is a fan-shaped muscle lying horizontally in the

angle between the hip bone and the neck of the femur.

It arises from the surfaces of the pubic bone and ischium, which form the

inferior half of the margin of the obturator foramen, and from the corresponding
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portion of the superficial surface of the obturator membrane (Eigs. 366, p. 412
and 367, p. 413).

Its fibres converge towards the greater trochanter, and end in a stout tendon
which, after passing distal to

and posterior to the hip-joint,

Sacro-tuber- is inserted into the trochan-

ment^^' tcric fossa of the greater tro-
glutjeus chanter of the femur fEigs.MAXIMUS

£~k n ^ A u-
V O

Obturator 365, p. 410, and 373, p. 417).
INTERNUS

Biceps AND Nsrve-Supply.—Tlie deep part
of the obturator nerve (L. 3. 4.).

Actions.—Thismuscle is mainly
a lateral rotator of the thigh ; it

also flexes and adducts it.

Fascia lata

,
SBMITENDIN-
osus

_Semimem-
""branosus

quadratus
""FBMORIS

Adductor
MAGNUS

Trigonum Femorale.

—

The femoral triangle (O.T.

Scarpa's triangle) is a large

triangular space on the front

of the thigh in its proximal
third, which contains the

femoral vessels in the proximal
part of their course and the

femoral nerve. It is bounded
above by the inguinal liga-

ment, laterally by the sartorius,

and medially by the medial border of

the adductor longus muscle. Its floor

is formed laterally by the ilio-psoas, and
medially by the pectineus, adductor

longus, and a small part of the adductor

brevis.

Canalis Adductorius Hunteri.

—

The adductor canal (O.T. Hunter's
Biceps caual) lics in the middle third of the
(short head)

j^^edial sidc of the thigh, and contains the

femoral vessels in the distal part of their

course. It is bounded superficially by the

sartorius, under which is a dense fascia

derived from the fascia lata, binding to-

gether the vastus medialis, which forms

the lateral wall of the canal, and the

adductors, longus and raagnus, which form
the medial wall or floor of the canal. Be-

sides the femoral vessels and their sheath,

the canal contains the saphenous nerve.

Gracilis

Biceps
(long head)

Semimem-
branosus

THE MUSCLES OF THE
BUTTOCK.

This group includes the three glutsei

muscles, the tensor fascise latae, piriformis,

obturator internus and gemelli, and quad-

ratus femoris.

The glutseus maximus and tensor fasciae

lat£e muscles are in the same plane, invested by envelopes of the fascia lata.

The glutteus medius, partially covered by the glutseus maximus, conceals the glutseus

minimus ; while the piriformis, obturator internus, gemelli, and quadratus femoris

intervene between the glutseus maximus and the posterior surface of the hip-joint.

Fio. 368.

—

Deep Muscles on the Postehior
Aspect of the Right Thigh.
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M. Glutaeus Maximus.—The glutaeus maximus is a large quadrilateral muscle,

with a cresceutic origin. It arises from, (1) a portion of the area on the dorsum

ilii above the posterior gluteal line (Fig. 369); (2) the tendon of the sacro-

spinalis muscle; (3) the dorsal surface of the sacrum and coccyx (Fig. 395,

p. 443) ; and (4) the posterior surface of the sacro-tuberous ligament. The fibres

which form its su})erior and lattsral border take origin directly from the fascia lata

which envelops the muscle.

The muscle forms a large fleshy mass, whose fibres are directed obliquely over

the buttock, invested by the fascia lata, and are inserted, by short tendinous fibres,

partly into the f^iscia lata over the greater trochanter of the femur (joining the

ilio-tibial tract), and partly into the gluteal tuberosity (Fig. 370, p. 416). The

fascia lata receives the insertion of the whole of the superficial fibres of the muscle

and the superior. half of the deep fibres. The inferior half of the deep portion of

()blir(iiu8 extenius abdominis
(insertion)

Gluteus maximus
(origin)

Tensor fasciie lata;

(origin)

Sartorius (origin)

Rectus femoris (reflected;.hea(l

of origin)

Gemellus superior (origin)

Gemellus inferior (origin)

Semimembranosus (origin)

Biceps and semitendinosus (origin)

Quadi-atus femoris (origin)

Obturator externus (origin)

Adductor magnus (origin)

Adductor magnus (origin)

Fio. 369.

—

Muscle-Attachments to the Right Dorsum Ilii and Tuber Ischiadicum.

the muscle is inserted, for the most part, into the gluteal tuberosity ; but the most

inferior fibres of all are inserted into fascia lata, and are thereby connected with

the lateral intermuscular septum and the origin of the short head of the biceps.

The glutaeus maximus is the coarsest and heaviest muscle in the body. By its

weight it helps to form the fold of the nates. It is superficial in its whole extent.

The glut?eiis medius is visible at its superior border, covered by the fascia lata ; at

its lower border the hamstring muscles and sciatic nerve appear on their way to

the thigh. Three burste are deep to it : one (not always present) over the sciatic

tuberosity, a second over the lateral side of the greater trochanter, and a third

over the vastus lateralis. The fibres of the glutieus maximus arising from the

coccyx may form a separate muscle (agitator caudae).

Nerve-Supply.—Inferior gluteal nerve, from the sacral plexus (L. 5. S. 1. 2.).

Actions. —The glutteiis maximus is mainly an extensor of the thigh, and has a powerful

action in straightening the lower limlj, as in climbing or running. Its lower fibres also adduct

the thigh and rotate it laterally.

M. Tensor Fasciae Latse.—The tensor fasciae latse arises from the iliac crest
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Piriformis (insertion)

Glutseus mediiis
(insertion

Obturator internus and
;emelli (insertion)

Obturator externus
(insertion)

Quadratus femoris
(insertion)

Ilio-psoas (insertion)

Gluteus maximus
(insertion)

Adductor magnus
(insertion)

Adductor brevis
(insertion)

Pectineus (insertion)

Vastus medialis

(origui)

and the dorsum ilii just lateral to

the superior anterior spine, and
from the fascia covering its lateral

surface (Fig. 369, p. 415).

Invested, like the glutaeus

maximus, by the fascia lata, it is

inserted, distal to the level of the

greater trochanter of the femur,

into the fascia, which forms the

ilio- tibial tract (p. 404). The
muscle is placed along the an-

terior borders of the glutseus

medius and glutseus minimus.

Nerve - Supply. — The superior

gluteal nerve from tlie sacral plexus

(L. 4. 5. S. 1.) ends in tliis muscle after

passing between the glutoeus medius and

glutaius minimus.
Actions.—It assists in the abduction

and rotation of the thigh ; and along

with the glutseus maximus, by its in-

sertion into the ilio-tibial tract, it helps

to support the knee-joint in the extended position.

M. Glutaeus Medius.— The glutseus

medius arises from (1) the dorsum ilii, be-

tween the iliac crest and posterior gluteal

line above and the anterior gluteal line

below (Fig. 369, p. 415), and (2) the strong

fascia lata covering its surface anteriorly.

It is a fan-shaped muscle, its fibres oon-

FiG. .370.

—

Muscle -Attachments to the
Posterior Aspect of the proximal
part of the Left Femur.

verging to the greater tro

chanter, to be inserted by a dorsai'iasc'ia

strong, short tendon into the

postero-superior angle of the

greater trochanter, and into

a well-marked diagonal line

on its lateral surface (Fig.

3V0, and Fig. 372, p. 417).

A bursa is placed deep to the

tendon at its insertion.

The muscle is partly super-

ficial, partly concealed by the

glutseus maximus. It covers

the glutseus minimus, and the

superior gluteal nerve and the

deep branches of the superior

gluteal artery.

Nerve -Supply.—The superior

gluteal nerve from the sacral plexus

(L. 4. 5. S. 1.).

Actions. — This muscle is a

powerful abductor and medial
rotator of the thigh.

M. Glutseus Minimus.

—

The glutseus minimus arises,

under cover of the glutseus

Lumbo- — ^m

The lumbar
triangle
OF Petit

Fascia lata

Glut-4:us maximus-

Gracilis

Abductor maonus

Semimembranosus

Semitendinosus

Ficj.'371.

—

The Iticiir (ii.rr.Ki .s Maximus Muscle.
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medius, by fleshy fibres, from the dorsum ilii between

gluteal hues (Fig. 369, p. 415).

This muscle is tan-shaped and its fibres converge to

of the greater tro-

chanter, to be inserted

into tlie anterior sur-

face of the trochanter,

and sometimes also

into the front part of

the superior border

(Figs. 361, p. 407,

and 373). It is also

inserted into the cap-

sule of the hip-joint.

A bursa is placed

deep to the tendon in

front of the greater p^ervetobiuX
trochanter. ititemus

Nerve-Supply.—
The superior gluteal

nerve from the sacral

plexus (L. 4. 5. S. 1.).

Actions.—The mus-
cle is 2>riiuarily an ab-

ductor of the thigh. Its

anterior fibres in addition
produce medial rotation

and its posterior fibres

lateral rotation of the

limb.

the anterior and inferior

the antero-superior angle

Gracilis

Adductor maonus

Hamstrino muscles
(biceps)

Superior gluteal nervrt

Glut/Eus medics (cut)

Inferior gluteal nerve

Piriformis

Obturator intkksus
AND fiEMELLI

Obturator exter.vus

quadratvs kemoris

Sciatic nerve
(and subdivisions)

Posterior cutaneous
nerve of thigh

GLUT.eUS MAXIMUS
(insertion)

\I>DlTTOR MAONUS

Fig. 372.—The Muscles and Nerves of the Right Buttock.

The ghiteeuR niaximiis is reflected ; and the glutoeus medius is cut, in part, to

show the glutaeus minimus.

Glutit'us minimus
(insertion)

Piriformis
(insertion)

M. Piriformis.—
The piriformis is

one of the few mus-
cles connecting the

lower limb to the

axial skeleton. It arises (1) within the pelvis from the roots of the vertebral

arches of the second, third, and fourth sacral vertebrae, and from the adjacent

part of the bone lateral to the anterior sacral foramina. Passing out through

the greater sciatic foramen, it receives an origin from (2) the upper margin of the

greater sciatic notch

Obturator intemus and gemelli (insertion) ^^^^^H^^^^^ of the ilium, and (3)

the pelvic surface of

the sacro-tuberous
ligament.

In the buttock it

forms a rounded ten-

don, which is inserted

into a facet on the

superior border and
medial aspect of the

greater trochanter of

the femur (Figs. 370,

p. 416, and 373).

The piriformis, at

its origin, covers part

of the inner surface of the posterior wall of the pelvis minor. In the buttock

it is covered by the gluteus maximus, and lies behind the capsule of the hip-joint,

between the gluteus medius and superior gemellus.

Nerve-Supply.— Branches direct from the anterior rami of the first and second sacral

uerve.s.

28

(insertion)

Fig. 373.

—

MusclEtAttachments to the Proximal Aspect of the Greater
Trochanter of the Left Femur.
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Actions.—Tlie muscle is an abductor and lateral rotator of the liij).

M. Obturator Internus.

—

The obturator internus arises on the pelvic aspect

of the hip bone, from (1) the whole of the margin of the obturator foramen
(except the obturator notch)

; (2) the surface of the obturator membrane
; (3)

the whole of the pelvic surface of the hip bone behind and above the obturator

foramen ; and (4) the parietal pelvic fascia covering it. medially.

It is a fan-shaped muscle. Its fibres converge to the lesser sciatic foramen,
and end in several tendons, united together, which hook round the margin of the

foramen (a bursa intervening), and after passing over the posterior surface of the

hip-joint, are inserted into a facet on the medial surface of the greater trochanter of

the femur above the trochanteric fossa (Figs. 370, p. 416, and 373, p. 417).

In the pelvis minor the muscle occupies the side wall, covered by the parietal

pelvic fascia, which separates it from the pelvic cavity above and the ischio-rectal

fossa below. In the buttock the tendon is embraced by the gemelli muscles which
are attached to its superior and inferior margins.

The gemelli muscles form accessory portions of the obturator internus.

M. Gemellus Superior.

—

The superior gemellus arises from the gluteal surface

of the ischial spine (Fig. 369, p. 415).

It is inserted into the upper margin and superficial surface of the tendon of the

obturator internus muscle.

M. Gemellus Inferior.—The gemellus inferior arises from the superior part of

the gluteal surface of the ischial tuberosity (Fig. 369, p. 415).

It is inserted into the inferior margin and superficial aspect of the tendon of

the obturator internus.

Nerve-Supply.—The obturator internus and superior gemellus receive branches from a special

nerve, the nerve to the obturator internus from the anterior aspect of the sacral plexus (S. 1. 2. 3.).

The inferior gemellus is supplied by the nerve to the quadratus femoris, a branch derived also

from the anterior aspect of the sacral plexus (L. 4. 5. S. 1.).

Actions.—The obturator internus and gemelli are abductors and lateral rotators of the hip.

M. Quadratus Femoris.

—

The quadratus femoris arises from the lateral

margin of the tuber ischiadicum (Figs. 366, p. 412, and 369, p. 415). It is inserted

into the quadrate tubercle and quadrate line of the femur (Fig. 370, p. 416).

The muscle is concealed by the glutseus maximus and the hamstring muscles.

Its anterior surface is in contact with the obturator externus muscle and the lesser

trochanter of the femur, a bursa intervening. The muscle is not infrequently

fused with the adductor magnus.

Nerve-Supply.—A special nerve from the sacral plexus (L. 4. 5. S. 1.) which enters its

deep (anterior) surface.

Actions.—The muscle is an adductor and lateral rotator of the thigh.

THE MUSCLES ON THE POSTERIOR ASPECT OF THE THIGH.

The Hamstring Muscles.

The muscles comprised in this series include the biceps, semitendinosus, and

semimembranosus. A part of the adductor magnus, already described, also belongs,

morphologically, to this group. They lie in the buttock and posterior aspect of

the thigh, and diverge at the knee to bound the popliteal fossa. The origins of

thi muscles are concealed by the glutseus maximus. In the back of the thigh,

enveloped by the fascia lata, they are placed behind the adductor magnus—the

semitendinosus and semimembranosus medially, the biceps laterally. The former

two muscles help to form the medial boundary of the popliteal fossa, of which the

biceps is a lateral boundary.

M. Biceps Femoris.

—

The biceps femoris has a double origin. (1) Its long

head arises, by means of a tendon, in common with the semitendinosus, from

the inferior and medial facet upon the sciatic tuberosity (Figs. 366, p. 412,

and 369, p. 415) and from the sacro-tuberous ligament. This head, united for a
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distauce of two or three inches with the semiteudinosus, forms a separate Heshy

mass, which exteuds to the distal third of the thigh, to end in a tendon joined by

the short head of the muscle. (2) The short head arises separately from, (1) the

whole length of the lateral lip of the linea aspera and the proximal two-thirds

of the lateral epicondylic line of the femur, and (2) the lateral intermuscular

septum. The proximal limit of its origin is sometimes blended with the insertion

of the lowest fibres of the glutieus maximus.
Tiie fibres of the short head, directed distally, join the tendon of the long

head, and the muscle is inserted (1) into the head of the fibula by a strong tendon,

which is split into two parts by the filular collateral ligament of the knee-joint

;

(2) by a slip attached to the lateral condyle of the tibia ; and (3) along its posterior

border by a fascial expansion which connects the tendon with the popliteal fascia.

Obliquus externus alxloininis

(insprtion)

Tensor fasciae

latae

Glutiuusmaxiinii.s
(origin)

Rectus feinoris (retlected
head of origin)

Gemellus suiierior (origin)

Gemellus inferior (origin)

Semimembranosus (origin)

Biceps and seinitendinosus (origin)

Quadratus femoris (origin)

Obturator extemus (origin)

Adductor magnus (origin)

Ailductor magnus (origin)

'

Fig. 374.

—

Muscle-Attachments to the Right Dohsc.m lui and Tl'ber Ischiadiccm.

There is a bursa between the tendon and the fibular collateral ligament of the

knee-joint.

The short head may be absent : there may be an additional origin from the

ischium or femur ; and the long head may send a slip to the gastrocnemius or teiido

calcaneus (Acliillis) (tensor fasciae suralis).

M. Semitendinosus.

—

The semitendinosus arises, in common with the long

head of the biceps, from the inferior and medial facet upon the ischial tuberosity

(Fig. 374, p. 419). Separating from the common tendon, two or three inches

from its origin, the muscle forms a long, narrow band which becomes tendinous

in the middle third of the thigh.

Passing over the medial side of the knee it spreads out and becomes membranous,
and is inserted (1) into the medial side of the body of the tibia just distal to

the medial condyle, distal to the gracilis and behind the sartorius (Fig. 376,

p. 420), and (2) into the deep fascia of the leg. A bursa separates it from the

sartorius superficially, and another, conimon to it and the gracilis, lies deep to its

insertion. The belly of the muscle is marked by an oblique septal tendinous

intersection about its middle.
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Obturator
INTERNus
ANDGEMELLI

Nerve-Supply.—The semitendinosus is supplied by two branches from the nerve to the
hamstring muscles (L. 5. S. 1. 2.)

Actions.—A flexor of the knee, a medial rotator of the tibia, and an extensor of the hip.

M. Semimembranosus.—The semimembranosus arises by a tendon from the

superior and lateral facet on the ischial

tuberosity (Figs. 366, p. 412, and 374,

p. 419). In the proximal tlMrd of the

thigh the tendon gives place to a

rounded fleshy belly, which lies an-

terior to the ischial portions of the

biceps and semitendinosus muscles.

Becoming tendinous, at the back
of the knee, it is inserted into the

horizontal groove on the postero-

medial aspect of the medial condyle

of the tibia (Eigs. 376, below, and
384, p. 428). A bursa lies deep to

the tendon at its insertion. It has

three additional membranous inser-

tions : (1) a fascial band extends

distally and medially to join the

posterior border of the tihial collateral

ligament of the knee-joint; (2) an-

other fascial band extends distally

Adductor magnus

Semitendinosus

Semimembranosi's

8artoriu.s tendon

Tibial nerve
Biceps tendon
(with common
peroneal
nerve)

Plantaris

Semimembran-
osus (insertion)

Ligamentum
patellse (insertion)

Popliteus (insertion)

Attaclinient of
tibial collateral

ligament

Gracilis (insertion)

Gastro-
cnemius

Semitendinosus
(insertion)

Fig. 375.

—

The Muscles on the Postkrioh
Aspect of the Right Thigh.

Fig. 376.

—

Muscle-Attachments to the Medial
surkace of the proximal part of the
Right Tibia.

and laterally, forms the fascia covering the popliteus muscle {popliteus fascia), and
is attached to the oblique line of the tibia ; and (3) a third strong band extends

proximally and laterally to the back of the lateral condyle of the femur, forming
the oblique popliteal ligament of the knee-joint.
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The membrauous origin of the muscle is concealed by the proximal parts of the

semitendinosus aud loug liead of the biceps. The insertion covers the origin of

the inner head of the gastrocnemius.

Nerve-Supply.— It is innervated by the nerve to the hamstring muscles (L. 5. S. 1. 2.).

Actions. A flexor of the knee, a medial rotator of the tibia, and an extensor of the hip.
•

Actions of the Muscles of the Thigh and Buttock.

Most of the above muscles act on the pelvis and on the hij)- and knee-joints. The psoas

major muscle in addition assists in the movements of the vertebral column (p. 411).

1. Movements at the Hip-Joint.—The movements of the thigh at the liip-joint are flexion

and extension, adduction and abduction, medial and lateral rotation. The following table

gives the muscles~producing these movements :—

u. Flexion and Extension.
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a. Flexion an
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EXTKNSOK HALLUCIS LONOUS

Deep peroneal nerve an
dorsalis pedis arter

Extensor dioitorum lonous

PER0N,*:U3 TERTir

Fibula

Interosseous talc-

calcaneal ligament

Calcaneus

PEBON.fiUS BREVIS

Peroneal retinaculum

PER0N,«U3 LONOUS

Abductor digiti quinti

Plantar aponeurosis

—

Lig. transversum cruris.

Tibialis anterior

Talus

Tibialis posterior

peroneal retinaculum liiuds them down separately on the lateral surfaces of the
calcaneus.

Tlie ligamentum transversum cruris (O.T. anterior annular ligament,
upper band), l)roa(l and umlelined at its proximal and distal borders, stretches

across the front of tlie ankle between the two malleoli. This band binds down, to

the distal end of the tibia, the tendons of the tibialis anterior and extensor
muscles of the toes. One mucous sheath is found deep to it, surrounding the

tendon of the tibialis anterior.

Ligamentum Cruciatum Cruris.—On the dorsum ol" the foot, where the
general covering of deep fascia is much thinner, a special well-defined band, named
the ligamentum cruciatum cruris (O.T. anterior annular ligament, lower band),
stretches over the extensor tendons. It has an attachment laterally to the lateral

border of the dorsal surface of the calcaneus. It divides into two bands as it

passes medially over the dorsum of the foot—a proximal -part, which joins the

lig. transversum cruris and is attached to the medial malleolus, and a distal part,

which passes across the dorsum of the foot, and joins the fascia of the sole at its

medial border.
Deep to this liga-

ment are three

special compart-

ments with separ-

ate mucous sheaths,

one for the tibialis

anterior tendon, a

second for that of

the extensor hal-

lucis longus, and a

third for the ex-

tensor digitorum

longus and per-

onseus tertius ten-

dons. There are

occasionally other

additional bands
of the deep fascia

passing, like the

straps of a sandal,

across the dorsum
of the foot.

The plantar

aponeurosis is of great importance. In the centre of the sole it forms a thick

triangular band, attached posteriorly to the tuberosity of the calcaneus. It

spreads out anteriorly and separates into Jive slips, which are directed forwards to

the bases of the toes. These slips as they separate are joined together by ill-defined

bands of transverse fibres, which constitute the superficial transverse metatarsal

ligament (fasciculi transversi aponeurosis plantae). The slip for each toe joins the

tissue of the web of the toe and is continuous with the digital sheath. It splits

to form a band of fibres directed forwards on each side of the toe to be attached to

the sides of the metatarso-phalangeal articulation and the base of the first phalanx.

This central portion of the plantar aponeurosis assists in preserving the arch of

the foot, by drawing the toes and the calcaneus together.

On each side it is continuous with a much thinner layer, which covers the lateral

and medial muscles of the sole and joins the fascia of the dorsum of the foot at

each border. It also gives rise to intermuscular septa, which pass deeply on each

side of the flexor digitorum brevis, enclosing that muscle in a separate sheath, and
giving investments on either side to the abductor muscles of the great and little

toes. At the lateral border of the foot the calcaneo-metatarsal ligament, a thickened

band of the fascia, connects the tuberosity of the calcaneus with the base of the

fifth metatarsal bone.

Ligamentum
laciniatum

Flexor dioitorum

plantar artery

ial plantar nerve

KXOB HALLUCIS LONOUS

AliDUCTOR HALLUCIS

Lateral plantar nerve

^\Lateral plantar artery

^VFlEXOR dioitorum BRKVIS

Fig. 377.

—

Frontal Section through the Left Ankle-Joint, Talcs,
AND Calcaneus.
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The digital sheaths, though smaller, are the same in arrangement as those of

the lingers (p. 389). Vaginal ligaments are present in relation to the first and
second phalanges.

THE MUSCLES OF THE LEG AND FOOT.

The muscles of the leg and foot are divisible into three series : (1) the extensor

muscles on the front of the leg and
dorsum of the foot

; (2) the peronaei

on the lateral aspect of the leg ; and
(3) the flexor muscles on the back of

the leg and in the sole of the foot.

The Musclesonthe Front
of the Leg and Dorsum
of the Foot.

The muscles on the front of the

leg and dorsum of the foot include

two groups: (1) on the front of the

leg, the tibialis anterior, long extensors

of the toes and peronseus tertius ; and
(2) on the dorsum of the foot, the

extensor digitorum brevis, and ex-

tensor hallucis brevis.

On the front of the leg the tibialis

anterior and the extensor digitorum

longus and peronseus tertius are

superficially placed, and conceal the

extensor hallucis longus muscle. On
the dorsum of the foot the extensor

digitorum brevis muscle lies beneath

the tendons of the long extensor of

the toes.

M. Tibialis Anterior. — The
tibialis anterior arises from the

lateral condyle and the proximal

two -thirds of the lateral surface of

the body of the tibia, from the inter-

osseous membrane from the fascia

over it, and from an intermuscular

septum laterally. The muscle ends

in a strong tendon which passes

over the dorsum of the foot, to be

inserted into a facet on the medial

surface of the first cuneiform and
the medial side of the base of the

first metatarsal bone (Fig. 379, p.

425). Its tendon occupies special

compartments beneath both liga-

mentuni transversum and lig.

cruciatum cruris, enclosed in a

separate, single, mucous sheath.

Tlie tibio-fascialis anterior is a separated jjortion of the muscle occasionally present, inserted

into tlie fa-scia on the dorsum of the foot.

Nerve-Supply.—Deep ])eroneal nerve (L. 4. 5. S. 1.).

- 'Actions.—The muscle is a dorsi-fiexor of the ankle, and (in combination witli tlie tibialis

posterior) it invests the foot.

Calcaneo-
metatarsal
band

Fig. 378.

—

The Lekt Plantau Fascia.
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M. Extensor Digitorum Longus.

—

The extensor digitorum longus arises, by

flesliy fibres, from the lateral side of the lateral condyle of the tibia, from the

proximal two-thirds or more of the anterior part of the medial surface of tlie body

of tlie fibula, from the fascia over it, and from intermuscular septa on either side.

It gives rise to a tendon which passes deep to the ligamentum transversum

and cruciatum, and in front of the ankle subdivides into four tendons, inserted

into the four lateral toes, exactly in the same way as the corresponding tendons

in the hand (see p. 397). They form membranous expansions on the dorsum of the

first phalanx, joined by the tendons of the extensor digitorum brevis, lumbricales,

Abductor dfgiti quinti
(origin)

Quadratus plantae (origin)

Long plantar ligament

Plantar ealcaneo-cuboid
ligament

Tibialis posterior (part of
insertion)

¥

Peronaeus brevis
(insertion)

Flexor digiti quinti
brevis (origin)

Adductor hallucis
(origin of oblique

head)

Flexor digitorum brevis (origin)

Abductor liallucis (origin)

Allaclinieiits of
plantar calcaneo-

navicular ligament

Flexor hallucis brevis
(origin)

Tibialis posterior
(main part of insertion)

Peronaius longus
(insertion)

Tibialis anterior
(insertion)

Fk;. 379.

—

Muscle- Attachments to Lkft Tarsus and Metatarsus (Plantar Aspect).

and interossei, each of which separates into one central and two collateral slips,

attached respectively to the middle and terminal phalanges. The tendon occupies

a separate compartment, along with the peronaeus tertius, deep to the ligamentum
cruciatum cruris, invested by a special mucous sheath.

Nerve-Supply. —Deep peroneal nerve (L. 4. 5. S. 1.).

Actions.—A dorsi-flexor of the ankle and an extensor of tlie four lateral toes.

M. Peronseus Tertius.—The peronaeus tertius is a separated portion of the

extensor digitorum longus. It is an essentially human muscle. It arises (insepar-

ably from the extensor digitorum longus) from the anterior part of the medial
surface of the fibula, and from the inter-muscular septum lateral to it.
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The tendon of the muscle is inserted into the dorsal aspect of the base of the

fifth metatarsal bone.

Nerve-Supply,—Deep peroneal nerve (L. 4. 5. S. 1.).

Actions.—The muscle dorsi-flexes the ankle and raises the lateral border of the foot (as in

skating or dancing).

M. Extensor Hallucis Longus.

—

The extensor hallucis longus arises from
the anterior part of the medial surface of the

fibula in its middle three -fifths, medial to

the origin of the 'extensor digitorum longus,

and for a corresponding extent from the

interosseous membrane. Its tendon passes

over the dorsum of the foot, to be inserted

into the base of the terminal phalanx of the

great toe.

The extensor primi internodii longus and
extensor ossis metatarsi hallucis are occasional

separate slips of this muscle inserted into the proximal
phalanx and the metatarsal bone.

Nerve-Supply.—Deep peroneal nerve (L.4. 5. S. 1.).

Actions,—This muscle dorsi-flexes the ankle, and
extends the great toe. ;

M. Extensor Digitorum Brevis.

—

The
extensor digitorum brevis arises, on the

dorsum of the foot, from a special impression

on the dorsal surface of the calcaneus, and
from the deep surface of the ligamentum
cruciatum cruris.

It usually gives rise to four fleshy bellies,

from which narrow tendons are directed for-

wards and medially, to be inserted into the

four medial toes. The three lateral tendons

join those of the long extensor muscle to form
the membranous expansions on the dorsum
of the toes. The most medial tendon (ex-

tensor hallucis brevis) is inserted separately

into the base of the first phalanx of the great

toe.

Nerve -Supply,— Deep peroneal nerve (L. 4, 5.

S, 1.).

Actions,—Extension of the four medial toes.

SOLEUS

Extensor
digitorum

LOKOUS
PERON.E0S

LONGUS

Peron/Eus brevis

Ligamentum cruci-

atum cruris

Tendon of peron.«us
TEKTIUS

Most medial slip of
extensor digitorum

BREVIS (extensor
hallucis brevis)

The Muscles on the Lateral
Side of the Leg.

These muscles comprise the peronsei,

—

longus and brevis. They are placed on the

lateral side of the leg between the extensor

digitorum longus in front, and the soleus and
flexor hallucis longus behind, enclosed in a

special compartment of the deep fascia.

M. Peronseus Longus.—The peronaeus

longus arises from the head and the proximal

two-thirds of the lateral surface of the body
of the fibula, from intermuscular septa on either side, and from the fascia over it.

It forms a stout tendon, which lies superficial to the peronteus brevis, hooks
round the lateral malleolus deep to the peroneal retinaculum, crosses the lateral side

of the calcaneus, and, passing through a groove on the cuboid bone, is directed across

the sole of the foot to be inserted into the lateral sides of the first cuneiform and the

Fig. 380.

—

Muscles of the Fuont ok the
Right Leg and Dorsu,m of the Right Foot
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base of the first metatarsal bones (Fig. 379, p. 425). As it enters the sole of the foot

a jihro -cartilage is formed in the

tendon, which plays over a smootli

tubercle on the cuboid bone, a burs;i

intervening. In its passage across

the foot the tendon is enclosed in a

sheath derived from the long plantar

(long calcaneo-cuboid) ligaments and

the tibialis posterior tendon.

i.ONia's

I'KRON^US
IKKVIS

Nerve - Supply. - Superficial peroneal

uervo (L. 4. 5. S. 1.).

Actions.—An extensor of the ankle;

this muscle also everts the foot. It

strengthens the arch of the foot' by its

passage across the sole to its insertion.

Semimkmbkanosls
TESDON (cut)

Tibial nerve and
popliteal vessels

Plantauis tkndok
(cut)

Fig. 381.

—

The Insertions of the Tibialis
POSTKlilOR AND PERONJiDS LONGUS IN THE SOLE
OF THE Left Foot.

M. Peronaeus Brevis. — The
peronaeus brevis arises by fleshy

fibres t'roui the distal two- thirds of

the lateral surface of the body of the

fibula, and from an intermuscular

septum along its anterior border.

Its tendon grooves the back of

the lateral malleolus and the lateral

side of the calcaneus, invested by a

mucous sheatli common to it and
the perouccus longus, and is inserted

into the tuberosity and dorsal surface

of the base of the fifth metatarsal

bone.

The peronieus longus and brevis may be

fused together, or additional slips may be

present, as peronseus accessorius, peronaeus

digiti quinti, peronaocalcaneus externus,

and peronseocuboideus.

TENDO CALCANEI.-S

Li;,'ani('ntuiii

laciniatuiu

PF.UOX.ffS LONOt'S

Suiierior it-tina-

culuiii of
peroneal muscles

Nerve - Supply. — Superficial peroneal

nerve (L. 4. b. S. 1.).

Actions.—An extensor of the ankle and an evertor of the foot

Fig. 382.

—

The I^ight Soleus Mosclk.
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Medial head of
gastrocnemius
Plantaris
Lateral head or i^g
OASTROCNEMIl'S
Semimem-
branosus

Popliteus

'

(insertion)

Soleus
(origin)'

Tibialis

-posterior
(origin)

The IVIuscIes on the Posterior Aspect of the Leg.

The muscles on the back of the leg are divisible into two groups, superficial

and deep.

The superficial group comprises the

gastrocnemius and soleus (constituting to-

gether the triceps surae) and the plantaris.

They form the prominence of the calf of the

leg. The gastrocnemius
is superficial except at

origin, where the

two bellies, forming the

boundaries of the pop-
liteal fossa, are over-

lapped by the tendons
of the hamstring mus-
cles. The soleus muscle
is partially concealed

by the gastrocnemius
and plantaris, and be-

comes superficial in

the distal part of the
leg on each side of the

common tendon (tendo

calcaneus).

M. Gastrocnemius.
—The gastrocnemius
arises by hvo heads,

medial and lateral, by
means of strong ten-

dons which are pro-

longed over the surface

of the muscle. The
lateral head arises from
an impression on the

proximal and posterior

part of the lateral sur-

face of the lateral con-

dyle of the femur, and
from the distal end of

the lateral epicondylic

line ; while the medial

head arises from a

prominent rough mark
on the popliteal surface

of the femur, proximal
to the medial epicondyle
and posterior to the

adductor tubercle.
Each head has an ad-

ditional origin from
the back of the capsule

of the knee-joint. A
bursa lies deej) to each ^'i«

tendon of origin.

Each fleshy belly

of the muscle is inserted, separately, into a broad membranous tendon, prolonged
proximally on its deep surface for some distance. The medial head is the larger.

The tendo calcaneus is formed by the union of the two membranous insertions

Plexor hallucis
LONG OS

PeRON/KUS brevis

Plexor
fligitonim
longus
(origin)

Liganientiini laoini-

atuin

Tendo calcaneus

Peroneal rBtinaculiim

Fig. .383.

—

The Dbep Muscles on-

Back OF THE Right Leg.

384.

—

Muscle - Attach-
ments TO THE Posterior
Surface of the Right Tibia.
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of tlie bellies of the gastrocuemius. Prolonged proximal ly beneath the separate

bellies, the tendon forms a broad membranous band connecting together the distal

parts of the two bellies.

Narrowing gradually, and becoming thicker in the distal half of the leg, the

tendon is finally inserted into the posterior aspect of the calcaneus. A bursa lies

deep to the ttiudou at its insertion. The tendo calcaneus also affords insertion to

the soleus and (sometimes) the plantaris muscles.

Nerve-Supply. Each head of tlio muscle is innervated by a branch from the tibial nerve

(S. 1. ±).

Actions. - Tiie muscle is a poweriul flexor of the knee and extensor ot the ankle.

M. Plantaris,

—

The plantaris arises by fleshy fibres from the lateral epicondylic

line of the femur for about an inch at its distal end, from the adjacent part of the

popliteal surface of the femur, and from the oblique ligament of the knee-joint.

It forms a narrow fleshy slip which ends in a tendon that extends distally in the

back of the leg, to be inserted into, the medial side of the tuberosity of the cal-

caneus, or the tendo calcaneus, or the ligamentum laciniatum. The tendon of the

muscle is capable of considerable lateral extension.

The plantaris lies between the lateral head of the gastrocnemius and the soleus.

In the distal half of the leg its tendon lies along the medial border of the tendo

calcaneus. The muscle is not always present.

Nerve-Supply.—Tibial nerve (L. 4. 5. S. 1.).

Actions.—Tlie muscle is an accessory flexor of the knee and extensor of the ankle.

M. Soleus.—The soleus has a triple origin from (1) the posterior surfaces of

the head and the proximal third of the body of the fibula
; (2) a fibrous arch

(arcus tendineus m. solei) stretching, over the popliteal vessels and tibial nerve,

between the tibia and fibula ; and (3) the oblique line, and the middle third of

the medial border of the tibia (Fig. 384, p. 428).

From their origin the proximal muscular fibres are directed distally to join a

tendon, placed on the superficial aspect of the muscle, which is inserted into the

tendo calcaneus ; the more distal fibres are inserted directly into the tendo calcaneus

to within one or two inches of the calcaneus.

Nerve-Supply.—Two nerves supply this muscle. One from the tibial nerve in the popliteal

space enters its superficial surface (S. 1. 2.) ; the other from the tibial nerve in the back of the

leg supplies the deep surface of the muscle (L. 5. S. 1. 2.).

Actions.—The soleus is a powerful extensor of the ankle.

The deep muscles of the back of the leg comprise the popliteus, flexor digitorum

longus, flexor hallucis longus, and tibialis posterior.

The popliteus muscle is deeply placed behind the knee-joint, in the floor of the

popliteal fossa, and is covered by the popliteal vessels and tibial nerve. The flexor

digitorum longus lies behind the tibia, the flexor hallucis longus behind the fibula,

and the tibialis posterior, lying between them, is related to the interosseous mem-
brane and both bones of the leg. All these muscles are concealed by the superficial

group, and are bound down to the bones of the leg by layers of the deep fascia.

M. Popliteus.—The popliteus arises, by a stout tendon, from a rough impression

in front of a groove on the lateral aspect of the lateral epicondyle of the femur.

The tendon passes between the lateral meniscus and the capsule of the knee-joint,

and pierces the posterior ligament, from which it takes an additional fleshy origin.

A bursa is placed on the medial side of the tendon, and it usually communicates
with the synovial cavity of the knee-joint.

The muscle is inserted, by fleshy fibres, (1) into a triangular surface on the back

of the tibia above the oblique hne (Fig. 384, p. 428), and (2) into the fascia over it

(the popliteus fascia, derived from the.tendon of the semimembranosus muscle).

The popliteus minor is a small occasional muscle attached to the popliteal surface of the
femur and the posterior ligament of the knee-joint.

Nerve-Supply.— Tlie popliteus is supplied by a branch of the tibial nerve (L. 4. 5. S. 1.),

which winds round the distal border of the muscle and enters it in its deep surface.

Actions.—A medial rotator of the tibia and flexor of the knee.
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M. Flexor Digitorum Longus.

—

The flexor digitorum longus lies in both

the back of the leg aud the sole of the foot. Its origin is, by fleshy fibres, from the

posterior surface of the Ijody of the tibia in its middle three-fifths, distal to

the oblique line, and medial to the vertical line and the origin of the tibialis

posterior . from the fascia over it, and from an intermuscular septum on each side
/ (Fig. 384, p. 428).

Its tendon, after crossing
obliquely over the tendon of the

tibialis posterior, passes deep to

the ligamentum laciniatum, in-

vested in a special mucous sheath,

and enters the sole of the foot.

There it crosses superficially the

tendon of the flexor hallucis longus,

and finally divides into four sub-

ordinate tendons, which are inserted

into the four lateral toes in pre-

cisely the same manner as the

flexor digitorum profundus is in-

serted in the hand (p. 389). Each
tendon enters the digital sheath

of the toe, perforates the tendon of

the flexor digitorum brevis, and is

inserted into the base of the ter-

minal phalanx. Vincula accessoria

(longa and brevia) are present as in

the hand.

The tendon of the flexor haUucis

longus sends a fibrous band to the

tendon of the flexor digitorum

longus as it crosses it in the «ole

of the foot ; the band usually passes

to the tendons destined for the

second and third toes. Associated

with this muscle in the sole of the

foot are the lumbricales and quad-

ratus plautaj muscles.

Mm. Lumbricales.—The lum-
bricales are four small muscles

which arise in association with the

tendons of the flexor digitorum

longus in the sole. The ^rs^ 7nuscle

arises by a single origin from the

tibial side of the tendon of the

flexor digitorum longus for the

second toe ; each of the other three

arises by two heads from the ad-

jacent sides of two tendons.

Each muscle is inserted into the

dorsal expansion of the extensor

Fig. 385.—The Muscles OF THB Right Foot (Secoml Layer), tendon, the metatarso- phalangeal

capsule, and the base of the first

phalanx, ^Jrecisely as in the case of the lumbrical muscles of the hand. Each

muscle passes forwards on the tibial side of the corresponding toe, superficial to the

transverse metatarsal ligament.

Nerve-Supply.—The flexor digitorum longus is supplied by the tibial nerve (L. 5. S. 1.). The
first lumbrical is supplied by the medial plantar nerve (L. 4. 5. S. 1.) ; the other three, by the

lateral plantar nerve (S. 1. 2.).

Actions.—The flexor digitorum longus extends the ankles and flexes the four lateral toes.

LUMBRICALS

Flexor hallucis
BREVIS

Flexor
digitorcm
LON'GUS

Flexor digiti
quinti beevis

quadeatus
PLANTS

Abductor
hallucis

Abductor digiti
QUIKTI

PEROX.EUS
LONGUS

Flexor
digitorum
LONGUS

Flexor hallucis
LONGUS

Long plantar
ligament
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The lumbrical muscles liave a similar action to those of tlie hand ; they flex the metatarso-
])halangeal, and extend tlie interphalangeal joints of the four lateral toes.

M.Quadratus Plantae.—The quadratus plantse (O.T.accessorius) arises by two
heads: (1) tlie lateral tendinous head springs from the lateral border of the plantar

surface of the calcaneus and from the lateral border of the long plantar ligament

;

(2) the medial head, which is fleshy, arises from the concave medial surface of the
calcaneus in its whole extent, and from the medial border of the long plantar
ligament (Fig. 379, p. 425). The long plantar ligament separates the two origins.

The two heads unite to form a flattened band, which is inserted into the dorsal

aspects of the tendons of the flexor digitorum longus, and usually into those
destined for the second, third, and fourth toes.

In the sole of ^he foot the tendons of the flexor digitorum longus, along with the
luml)ricales and quadratus plantse, and the flexor hallucis longus muscles, constitute

the second layer of muscles, lying between the abductors of the great and little toes

and the flexor digitorum brevis superficially, and the flexor brevis and adductor of

the great toe more deeply.

Nerve-Supply.—Lateral plantar nerve (S. 1. 2.).

Actions.—The muscle is an accessory flexor of the toes, assisting the long flexor of the toes.

It tends to draw the tendons into which it is inserted into the middle of the sole of the foot.

M. Flexor Hallucis Longus.—The flexor hallucis longus arises, on the back
of the leg, between the tibialis posterior and the peromei muscles, from the distal

two-thirds of the posterior surface of the Ijody of the fibula, from the fascia over
it, and from intermuscular septa on either side.

Its tendon passes deep to the ligamentum laciniatum, enclosed in a special

mucous sheath, and after grooving the posterior surface of the distal end of the
tibia, the talus, and the plantar surface of the sustentaculum tali of the calcaneus,

it is directed forwards in the sole of the foot, to be inserted into the base of the
terminal phalanx of the great toe.

In the foot it crosses over the deep aspect of the tendon of the flexor digitorum
longus, and gives to it a strong fibrous slip, which is prolonged into the tendons for

the second and third toes.

Nerve-Supply.—Tibial nerve (L. 5. S. 1. 2.).

Actions.—The muscle is one of the most important in the leg and foot. It is an extensor of
the ankle and a flexor of the great toe. By its position in relation to the tarsus and inferior

calcaneo-navicular ligament, it has an important share in maintaining and supporting the arch
of the foot.

M. Tibialis Posterior.—The tibialis posterior has a fourfold fleshy origin in

the leg. It arises (1) from the proximal four-tifths of the medial surface of the
body of the fibula between the medial crest and the interosseous crest

; (2) from
the distal part of the lateral condyle, and from the proximal two-thirds of the
liody of the tibia, distal to the oblique line and between the vertical line and the
interosseous border (Fig. 384, p. 428) ; (3) from the interosseous membrane ; and
(4) from the fascia over it and the septa on either side. The muscle gives rise to

a strong tendon which passes deep to the ligamentum laciniatum, invested by a
special mucous sheath, and grooves the back of the medial malleolus, on its way
to the medial border of the foot.

After crossing over the plantar calcaneo-navicular ligament between the
sustentaculum tali and the navicular bone, the tendon spreads out and is inserted

by three bands into (1) the tubercle of the navicular bone and the plantar surfaces

of the first and second cuneiform bones, (2) the plantar aspects of the bases of the
second, third, fourth, and sometimes the fifth metatarsal bones, the second and
third cuneiform bones, and the groove on the cuboid, and (3) into the medial
border of the sustentaculum tali of the calcaneus (Fig. 379, p. 425).

Tlie peronaeo-calcaneus muscle, when present, arises from the fibula, and is inserted into the
calcaneus;.

Nerve-Supply.—Tibial nerve (L. 5. S. 1.).

Actions.—The muscle extends the ankle and inverts the foot.
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The IVIuscIcs in the Sole of the Foot.

The muscles in the sole of the foot are divisible into four layers placed deep to

the plantar aponeurosis.

The first layer includes the abductor hallucis, flexor digitorum brevis, and

abductor digiti quinti. The second layer consists of the lumbricales and quadratus

plantae, together with the tendons of the flexor hallucis longus and flexor digitorum

longus. The third layer comprises the flexor hallucis brevis, adductor hallucis, and

Abductor digiti quinti
(origin)

Quadratus plantse (origin/

Long plantar ligament

Planter calcaneo-cuboKi
ligament

Tibialis posterior (part o(

insertion^!

Peronseus brevis

(insertion)

Flexor digiti quinti
brevis (origin)

Adductor halb.icis

(origin of oblique.

head)

Flexor digitorum brevis (origin)

xlbductor hallucis (origin)

Attachments of
plantar calcaneo-
navicular ligament

Flexor hallucisbrevis
(origin)

Tibialis posterior
^main partofinsertion)

Peronseus longus
(insertion)

Tibialis anterior
(insertion)

Fig. .386.

—

Muscle-Attachments to Left Tarsus and Mi;tatausus (Plantar Aspect).

flexor digiti quinti brevis. T\iQ fourth layer consists of the interossei (plantar and

dorsal), placed between the metatarsal bones : and the tendons of insertion ot the

tibialis posterior and peronseus longus.

FIRST LAYER.

M. Abductor Hallucis.—The abductor hallucis has a double origin: (1) by a

short tendon from the medial side of the medial process of the tuberosity of the

calcaneus (Fig. 386), and (2) by fleshy fibres from the ligamentum laciniatum,

the plantar aponeurosis which covers it, and the intermuscular septum between it

and the flexor digitorum brevis.

The muscle lies superficially, along the medial border of the sole ; its tendon is
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PlaiiUr
aponeurosis

inserted, along with part of the flexor hallucis brevis into the medial side of the

base of the tirst phalanx of the great toe.

Nerve-Supply.—Medial plantar nerve (L. 4. 5. S. 1.).

Actions. A flexor and abductor of the great toe.

M. Flexor Digitorum Brevis.—Tlie flexor digitorum brevis has likewise a

double origin: (1) from the an-

terior part of the medial process

of the tuberosity of the calcanens

(Fig. 386, p. 432), and (2) from

the tliick central part of the

plantar aponeurosis which covers

it, and from the intermuscular

septa on either side.

It passes forwards, and gives

rise to four slender tendons, which
are inserted into the second

phalanges of the four lateral

toes, after having been perforated

by the long flexor tendons, just

as in the case of the tendons of

the flexor digitorum sublimis of

the hand (p. 389).

Nerve-Supply. — Medial plantar

nerve (L. 4. 5. S. 1.).

Actions.—The muscle is a flexor

of the toes, acting on the metatarso-

phalangeal and first inter-phalangeal

articulations of the four lateral toes.

M. Abductor Digiti Quinti.

—The abductor digiti quinti

also has a double origin: (1) by
fleshy and tendinous fibres from
the anterior part of both pro-

cesses of the tuberosity of the

calcaneus, partly concealed by the

flexor digitorum brevis (Fig. 386,

p. 432), and (2) by fleshy fibres

from the lateral portion of the

plantar aponeurosis and the cal-

caneo- metatarsal ligament, and
from the intermuscular septum
between it and the flexor digi-

torum brevis.

Its tendon lies along the fifth

metatarsal bone, and is inserted

into the lateral side of the pos-

terior end of the first phalanx of

the little toe. The most lateral

fibres usually obtain an ad-

ditional insertion into the lateral

side of the plantar surface of the

fifth metatarsal bone.

Fourth
lumbrical

Third
lumbrical
Second...,

lumbrical
First

lumbrical

Flexor
hallucis longus

Fia. 387.

—

Superficial Muscles of the Right Foot.

Nerve-Supply,—Lateral plantar nerve (S. 1. 2.).

Actions.—Flexion and abduction of the little toe.

SECOND LAYER.

The tendons of the long flexors of the toes, the lumbricales and quadratus

planta muscles, constituting the second layer of muscles, have already been described

29
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Long plantar
ligament

Flexor hal-
lucis lonous
Flexor digi-

torum lonous
quadratus

,

PLANTS <

(origins) '

Peron^us
LONGus

(p. 430). They lie deep to the abductor hallucis and the flexor digitorum brevis,
and occupy the hollow of the tarsus and the space between the first and tifth

metatarsal bones; their deep surfaces are in contact with the adductor of the
great toe and the interossei muscles.

THIRD LAYER.

M. Flexor Hallucis Brevis. — The
flexor hallucis brevis arises by tendinous
fibres from (1) the medial part of the
plantar surface of the cuboid bone (Fig.

386, p. 432), and (2) the tendon of the
tibialis posterior. Directed forwards, over
the first metatarsal bone, the muscle
separates into two parts, between which
is the tendon of the flexor hallucis longus.

Each portion gives rise to a tendon
which is inserted into the corresponding

side of the base of the first phalanx
of the great toe ; in each tendon,

under the metatarso- phalangeal

articulation, a sesamoid bone is

developed. The medial tendon is

united with the insertion of the

abductor, the lateral tendon with
the insertions of the adductor

muscle of the great toe.

Nerve - Supply. — Medial plantar

nerve (L. 4. 5. S. 1.).

Actions.—A jflexor of the metatarso-

phalangeal joint of the great toe.

M. Adductor Hallucis.

—

The
adductor hallucis consists of two
parts. The oblique head of the

muscle arises (1) from the sheath

of the peronseus longus, and (2)

from the plantar surfaces of the

bases of the second, third, and
fourth metatarsal bones (Eig. 386,

p. 432). It lies in the hollow of

the foot, on a deeper plane than

the long flexor tendons and lum-

bricales, and on the lateral side

of the flexor hallucis brevis, and
it runs obliquely medially and
forwards, to be inserted on the

lateral side of the base of the first

phalanx of the great toe between

and along with the flexor brevis

Flexor digiti —
quinti brevis

Flexor hal- —
lucis brevis

interosseous"
MUSCLES

Adductor
hallucis""

(oblique head)

Adductor
hallucis

(transverse head)

Fig. .388.

—

Deep Muscles of the Sole of the Foot.

and the transverse head of the adductor hallucis.

The transverse head arises from (1) the capsules of the lateral four metatarso-

phalangeal articulations and (2) the transverse metatarsal hgament.

It runs transversely medially under cover of the flexor tendons and

lumbricales, the muscle is inserted, along with the oblique head, into the lateral

side of the base of the first phalanx of the great toe.

Nerve-Supply.—Lateral plantar nerve (S. 1. 2.).

Actions.—Flexion and adduction of the great toe towards the middle line of the foot.
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M. Flexor Digiti Quinti Brevis.

—

The flexor digiti quinti brevis arises from

(1) the sheath of the peronaeus longus and (2) the base of the fifth metatarsal

bone (Fig. 380, p. 432).

Partially concealed by the abductor digit! quinti, the muscle passes along the

fifth metatarsal bone, to be inserted, in common with that muscle, into the lateral

side of the base of the first phalanx of the little toe.

Nerve-Supply.—Lateral plantar nerve (S. 1. 2.).

Actions.—Flexion of the little toe.

Fig. 389.

—

Interosseous Muscles ok the Right Foot.

FOURTH LAYER.

Mm. Interossei.—The interossei muscles of the foot resemble those of the

hand except in one respect. In the hand the line of action of the muscles is the

middle line of the

middle finger. In

the foot the second

toe is the digit

round which the

muscles are
grouped, and their

attachments and
their actions
diHer accordingly.

There are four

dorsal and three

plantar muscles,

which occupy to-

gether the four in-

terosseous spaces,

and project into

the hollow of the

foot.

The four
dorsal muscles,
one in each interosseous space, arise by two heads each from the shafts of adjacent

metatarsal bones.

Each gives rise to a tendon, which, after passing dorsal to the transverse

metatarsal ligament, is inserted on the dorsum of the foot, into the side of the first

phalanx, the metatarso-phalangeal capsule, and the dorsal expansion of the

extensor tendon. The first and second muscles are inserted respectively into the

medial and lateral sides of the proximal end of the first phalanx of the second toe.

The third and fourth muscles are inserted into the lateral sides of the third and
fourth toes.

The three plantar muscles occupy the three lateral interosseous spaces. Each
arises, by a single head, from the medial side of the third, fourth, and fifth metatarsal

bones respectively.

Each ends in a tendon which passes dorsal to the transverse metatarsal ligament,

and is inserted, in the same manner as the dorsal muscles, into the medial sides of

the third, fourth, and fifth toes.

Nerve-Supply.—Lateral plantar nerve (S. 1. 2.).

Actions.—The muscles are flexors of the metatarso-phalangeal joints, and extensors of the

inter-phalangeal joints of the four lateral toes. The dorsal interossei abduct the toes into which
they are inserted from the middle line of the second toe. The plantar interossei adduct the

three lateral toes towards the second toe.

Actions of the Muscles of the Leg and Foot.

The muscles of the leg and foot act chiefly in the movements of the ankle-joint (assisted by
movements of the intertareal joints) ; of the metatarso-phalangeal joints (assisted by movements
of the tarso-metatai-sal and inter-metatarsal joints) ; and of the inter-phalangeal joints.

I. Tibio-Fibular Articulations.—The proximal tibio-fibiilar articulation is only capable of
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slight gliding movement, occasioned by tlie action of tbe biceps and popliteus and the muscles

arising from the fibula.

II. Movements at the Ankle-Joint.—The movements at the ankle-joint are movements of

flexion and extension of the foot on the leg, along with inversion and eversion (only during

extension). These movements are produced at the ankle, aided by movements in the intertarsal

joints, and are occasioned by the following muscles :

—

a. Flexion.
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line of the centre of gravity the flexion of the joints ceases, the muscles relax, and tlie limb
gradually returns to the ground. The other limb then passes tlirough the same cycle, the weight
of tlie body now resting on the limb which is in contact with the ground. As the focjt reaches
the ground it, as it were, rolls over it; the heel touches it first, then the sole, and lastly, as the
foot leaves the ground again, only the toes. In running, tlie previous events are all exaggerated.
The time of the event is diminished, while the force and distance are increased. Both feet are off

the ground at one time ; the action of flexors and extensors alternately is much more powerful, so

that on the one hand the knees are drawn upwaids to a greatei- extent in the forward movement,
and not the wliolo foot, but only the toes reach the ground in the extension of the limb. The
attempt is made to bring the foot to the ground in front of the line of the centre of gravity. At
the same time tlie trunk is sloped forwards much more than in w.alking. In leaping, tlie actions

of the limbs are still more exaggerated. The movements of flexion of the limb are still more
marked, and the foot reaches the ground still farther in front of the line of the centre of gravity.

AXIAL MUSCLES.
THE FASCI>E AND IVIUSCLES OF THE BACK.

OBLIQUUS EXTERNl'S
ABDOMINIiS

Obliqiius INTKRNUS
abdominis

Tran.sversus
abdominis

Fascia tran.sversalis

Peritoneum

Colon

THE FASCIiE OF THE BACK.

The general fascial investments of the back have been described along with the

superficial muscles associated with the shoulder -girdle (p. 365). The latissimus

dorsi muscle has been described as arising in large part from the posterior layer of

the lumbo-dorsal fascia. This is a strong fibrous lamina which conceals the sacro-

spinalis muscle.
T , , . ., Rectus ABDOMINIS
In the loin it

extends from the

spines of the

lumbar vertebrae,

laterally, to the

interval between
the last rib and
the iliac crest,

where it joins the

middle layer.

Below the loin

the posterior layer

of the lumbo-
dorsal fascia is

attached to the

iliac crest, and
more medially
blends with the

subjacent tendin-

ous origin of the

sacrospiualis.
The layer can be

followed upwards
over the sacro-

spinalis in the

region of the
thorax, where it

is attached later-

ally to the ribs and is continuous with the intercostal aponeuroses. In the lower
part of the thorax it is replaced by the muscular slips of the serratus posterior

inferior ; in the upper part of the thorax it passes beneath the serratus posterior

superior and blends with the deep cervical fascia.

Fascia Lumbodorsalis.

—

The lumbo-dorsal fascia consists of three fascial

strata, called respectively the posterior layer, just described; the middle, and the
anterior layers. They unite at the lateral margin of the sacrospiualis muscle to

29 a

Extraperiton«.al
tissue

Kiilney

Lumbo-dorsal fascia

Latissimus dorsi

quadratrs lumborum

Psoas fascia

Second lumbar
vertebra

— Psoas major

Anterior layer of
lumbar fascia

MULTIFIDCS

Semispinalis
dorsi

Middle layer of lumbar fascia

Iliocostalis

Vertebral aponeurosis LONOISSIMUS DORSI

Fig. 390.

—

Transverse Section through the Abdomen, opposite the
Second Lumbab Vertebra.
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form a narrow ligamentous band which connects the last rib to the iliac crest

between the muscles of the back on the one hand and those of the abdominal wall
on the other. The middle layer is a fascia which stretches laterally from the ends
of the transverse processes of the lumbar vertebrae, between the sacrospinalis behind
and the quadratus lumborum muscle in front. The anterior layer is attached to the

lumbar vertebrae near the bases of
their transverse processes. It covers
the anterior surface of the quadratus
lumborum muscle, and separates it from
the psoas major. The psoas fascia is

continuous at the lateral border of the
psoas major muscle with the anterior
layer of the lumbo-dorsal fascia. At
the lateral borders of the quadratus
lumborum and sacrospinalis muscles
the three layers blend together, and
give partial origin to the obliquus
internus and transversus abdominis
muscles.

LOJfGISSIMUS
CAPITIS

LONCISSIMUS
CERVICIS

Iliocostalis
DOR.SI

[LIOCOSTALIS
LUMBORLM

LONGISSIMUS
DORSI

Iliocostalis.
cervicis

THE MUSCLES OF THE BACK.

The muscles of the back are ar-

ranged in four series according to their

attachments : (1) vertebro - scapular

and vertebro -humeral, (2) vertebro-

costal, (3) vertebro -cranial, and (4)
vertebral. They are in irregular

strata, the most superficial muscles
having the most widely spread attach-

ments.

The first series of muscles of the

back, connecting the axial skeleton to

the upper limb, have already been
described. They are arranged in two
layers : (1) trapezius and latissimus^

dorsi superficially ;. (2) levator scapulae,

and rhomboidei, deep to the trapezius

(p. 368).

The remaining muscles are almost

entirely axial, and may be divided into

four groups : (1) serrati posteriores,'

superior and inferior ; splenius capitis

and splenius cervicis
; (2) sacrospinalis

and semispinahs capitis
; (3) semi-

spinaHs dorsi and cervicis (transverso-

spinales) ; and (4) the small deep

muscles (rotatores, interspinales, inter-

transversarii, and suboccipital mus-
cles). They extend from the sacrum
to the head, forming a cylindrical

column in the loin, filling up the

vertebral groove in the thorax, and giving rise to the muscular mass at the back

of the neck.

First Group.

M. Serratus Posterior Superior.—The serratus posterior superior has a

membranous origin from the ligamentum nuchse and the spines of the last cervical

Fig. 391.

—

Schematic Representation of the Parts
OF the Left Sacrospinalis Muscle.
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and upper three or four thoracic vertebrae. It is directed obliquely downwards
and laterally, to be inserted, by separate slips, into the second, third, fourth, and
fifth ribs. The muscle is concealed by the vertebro-scapular muscles, and crosses

obliquely over the s])leuius, sacrospinalis and semispinalis capitis. It lies super-

ficial to the lumbo-dorsal fascia.

Nerve-Supply. —Posterior rami of upper thoracic nerves.

Actions.— It is an accessoiy muscle of inspiration and an extensor of the vertebi-al column.
Acting on tlie verti-bral colunin, from the costal attachment, it a.ssist.s in lateral movement of the
column.

M. Serratus Posterior Inferior.—The serratus posterior inferior has a

meml»ranous origin, through the medium of the luml»o-dorsal fascia, from the last

two thoracic and first two lumbar spinous processes.

It forms four muscular bands which pass almost horizontally to an insertion

into the last four ribs. The muscular slips overlap one another from below
upwards. The muscle is on the same plane as the posterior layer of the lunibo-

dorsal fascia, and is concealed by the latissimus dorsi.

Nerve-Supply. - Posterior rami of the lower thoracic nerve.-;.

Actions. Tilt! muscle is an extensor of the vertebral column and an accessory nuiscle of

inspiralitin, raising, everting, and fixing tiie lower four ribs.

M. Splenius.—The splenius muscle is a broad, flattened baud which occupies

the back of the neck and the upper part of the thoracic region. It arises from the

ligamentum nucha? (from the level of the fourth cervical vertebra downwards) and
from the spinous processes of the last cervical and higher (four to six) thoracic

vertebra?.

Its fibres extend upwards and laterally into the neck, separating in their course

into an upper and a lower part. The upper part forms the splenius capitis,

which is inserted into the mastoid portion of the temporal bone and the lateral

part of the superior nuchal line of the occipital bone (Fig. 396, p. 444). The
lower part forms the splenius cervicis, which is inserted into the posterior

tubercles of the transverse processes of the upper three or four cervical vertebrae,

behind the origin of the levator scapulse.

Tiie muscle is partially concealed by the trapezius and sterno-mastoid, and
appears between them in the floor of the posterior triangle of the neck (splenius

capitis). It is covered by the rhomboid muscles, levator scapulse, and serratus

posterior superior.

Nerve-Supply.—Posterior rami of cervical and upper thoracic nerves.

Actions.—The splenius cervicis extends the spine, and assists in lateral movement and
rotiition. The splenius capitis helps in the movements of raising the head, and also of lateral

flexion and rotation.

Second Croup.

M. Sacrospinalis.—The sacrospinalis (O.T. erector spinae) possesses vertebral,

vertebro-cranial, and vertebro-costal attachments. It consists of an elongated mass
composed of separated slips extending from the sacrum to the skull. Simple at its

origin, it becomes more and more complex as it is traced upwards towards the head.

It arises (1) by fleshy fibres from the iliac crest; (2) from the posterior sacro-

iliac ligament ; and (3) by tendinous fibres continuous with the former from the

diac crest, the dorsum of the sacrum, and the spines of the upper sacral and all

the lumbar vertebrse. Its fibres extend upwards through the loin, enclosed between

the posterior and middle layers of the lumbo-dorsal fascia, and separate into two

columns—a lateral portion derived from the lateral fleshy origin, the iliocostalis,

and a medial portion comprising the remaining larger part of the muscle, the

longissimus.

M. Iliocostalis.— The iliocostalis Ivunborum is inserted by six slender slips

into the lower six ribs.

Medial to the insertion of each of these slips is the origin of the iliocostalis

dorsi (O.T. accessorius), which, arising from the lower six ribs medial to the

29 b
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iliocostalis lumborum, is inserted iu line with it by similar slips into the upper
six ribs.

The iliocostalis cervicis (O.T. cervicalis ascendens) arises in the same way by
six slips from the upper six ribs, medial to the insertions of the previous muscle.
It forms a narrow band, which, extending into the neck, is inserted into the posterior
tubercles of the transverse processes of the fourth, fifth, and sixth cervical vertebrse,

behind the scalenus posterior. Tlie iliocostales, lumhorum, dorsi, and cervicis form
together a continuous muscular column, and constitute tlie most lateral growp of the

component elements of the sacrospinalis.

M. Longissimus.—The longissimus is the largest element in the sacrospinalis

muscle. The longissimus dorsi forms the middle column of the muscle. It is

continued up into the neck as the longissimus cervicis and longissimus capitis.

Mostly tendinous, on the surface, at its origin, it becomes fleshy in the upper part
of the loin. It is thickest in the loin, and becomes thinner as it passes upwards in

Posterior
tubercles of
transverse
processes

Articular!
Xjrocesses"

scalencs medius
Levator scapula
Splexius cervicis

scalexl's posterior-

Iliocostalis cervicis

Longissimus cervicis

Longissimus capitis

SEMI3P1NALIS capitis—
Semispinalis cervicis'

multifidus'

I ONOus capitis

Anterior
tubercles of
'transverse
jirocesses

LciNGUS COLLI J

Fig. 392.

—

Scheme ok Muscular-Attachments to the Trans%'erse and Articular
Processes of the Cervical Vertebk^e.

the back between the column formed by the iliocostalis and its upward continua-

tions laterally, and the spinalis dorsi medially.

It is inserted by two series of slips, medial and lateral, laterally into nearly

all the ribs, and medially into the transverse processes of the thoracic and the

accessory processes of the upper lumbar vertebrae. It is prolonged upwards into

the neck by its association with the common origin of the longissimus cervicis and
the longissimus capitis.

The longissimus cervicis (transversalis cervicis) has an origin from the

transverse processes of the upper six thoracic vertebriB, medial to the insertions of

the longissimus dorsi.

Extending upwards into the neck, it is inserted into the posterior tubercles

of the transverse processes of the second, third, fourth, fifth, and sixth cervical

vertebrae. It is concealed in the neck by the iliocostalis cervicis and splenius

cervicis muscles.

The longissimus capitis (trachelo-mastoid) arises, partly by an origin common
to it and the previous muscle, from the transverse processes of the upper six thoracic

vertebrae, and partly by an additional origin from the articular processes of the

lower four cervical vertebrae.

Separating from the longissimus cervicis, the muscle ascends through the neck

as a narrow band which is inserted into the mastoid portion of the temporal bone,
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—

The Deep Muscles of the Back.
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deep to the splenius capitis muscle. In the neck the muscle is placed between
the splenius capitis and semispinalis capitis.

M. Spinalis Dorsi.—The spinalis dorsi forms the medial column of the sacro-

spinalis. It lies in the thoracic region, and arises by tendinous fibres from the
lower two thoracic and upper two lumbar spinous processes, and also directly from
the tendon of the longissimus dorsi.

It is a narrow muscle which, lying close to the thoracic spinous processes

medial to the longissimus dorsi, and it is inserted into the upper (four to eight)

thoracic spines. It is not prolonged into the neck.

The sesiiBpinalis capitis (O.T. complexus) closely resembles in position and
attachments the longissimus capitis.

It takes origin from the transverse processes of the upper six thoracic and the

articular processes of the lower four cervical vertebrae, medial to the longissimus

cervicis and longissimus capitis. It has an additional origin also from the spinous

process of the last cervical vertebra.

It forms a broad muscular sheet which extends upwards in the neck, to be inserted

into the medial impression between the superior and inferior nuchal lines of the

occipital bone (Fig. 396, p. 444). The medial portion of the muscle is separate,

and forms the biventer cervicis, consisting of two fleshy bellies with an intervening

tendon, placed vertically in contact with the ligamentum nuchas. The muscle
is covered mainly by the splenius and longissimus capitis muscles. It conceals the

semispinalis cervicis and the muscles of the suboccipital triangle.

Nerve-Supply.—Posterior rami of spinal nerves.

Actions.—The several parts of the sacrospinalis muscle have a complex action, on the vertebral
column, head, ribs, and pelvis. The muscle serves as an extensor of the vertebral column, and
assists in lateral movement and rotation. The longissimus capitis and semispinalis capitis assist

in extension, lateral movement and rotation of the head. The iliocostales and longissimus are

accessory muscles of inspiration. The whole muscle helps in extension and lateral movement of

the pelvis in the act of walking.

Third Group.
This group comprises the semispinales (dorsi and cervicis) and multifidus. They

occupy the vertebral furrow, under cover of the sacrospinalis and semispinalis

capitis muscles. They are only incompletely separate from one another. The
semispinales, dorsi and cervicis, form a superficial stratum, the multifidus being

more deeply placed. The more superficial muscles have the longer fibres ; the

fibres of the multifidus pass over fewer vertebrae. Both muscles extend obliquely

upwards from transverse to spinous processes.

M. Semispinalis.—The semispinalis muscle extends from the loin to the

second cervical vertebra. Its fibres are artificially separated into an inferior

part, the semispinalis dorsi, and a superior part, the semispinalis cervicis.

The semispinalis dorsi arises from the transverse processes of the lower six

thoracic vertebrae.

It is inserted into the spinous processes of the last two cervical and first four

thoracic vertebrae.

The semispinalis cervicis arises from the transverse processes of the upper

six thoracic, and the articular processes of the lower four cervical vertebrae.

It is inserted into the spines of the cervical vertebrae from the second to the

fifth.

M. Multifidus.—The multifidus (O.T. multifidus spinse) differs from the

previous muscle in extending from the sacrum to the second cervical vertebra,

and in the shortness of its fasciculi, which pass over fewer vertebrae to reach their

insertion.

It arises from the sacrum, from, the posterior sacro-iliac ligament (Fig. 395,

p. 443), from the mamillary processes of the lumbar vertebrae, from the transverse

processes of the thoracic vertebrae, and from the articular processes of the lower

four cervical vertebrae.

It is inserted into the spines of the vertebrae up to and including the second

cervical.
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—

The Suboccipital Triangle of the Left Side.

Lying in contact with the vertebral laminae, the muscle is covered in the neck

and back by the semispinalis, and in the loin by the sacrospinalis muscle.

Attachment of
interosseous

sacro-iliac
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Gluteus maxiinus (origin)

Flo. 395.

—

Muscle-Attaci TO the Sacbum (Dorsal Aspect).



444 THE MUSCULAR SYSTEM.

Nerve-Supply.—Posterior rami of the spinal nerves.

Actions.—Tliese muscles are concerned in extension, lateral movement and rotation of tlie

spine.

Fourth Group.
This group includes several sets of small muscles, which are vertebro-cranial or

intervertebral in their attachments.

The muscles bounding the suboccipital triangle are four in number— obliqui

capitis, inferior and superior, and recti capitis posteriores, major and minor.

These muscles are concealed by the semispinalis capitis and splenius capitis

;

they enclose a triangular space (the suboccipital triangle) in which the vertebral

artery, the posterior ramus of the suboccipital nerve, and the posterior arch of the

atlas are contained.

Semispinalis capitis (insertion)

Rectus capitis posterior minor
(insertion)

Rectus capitis posterior major
(insertion)

Trapezius (origin)

Sterno-cleido-mastoid
(insertion)

Splenius capitis
S^(insertion)

Obliquus capitis superior
(insertion)

Rectus capitis lateralis (insertion)

Rectus capitis anterior (insertion)

Superior constrictor of pharynx (insertion)

Longus capitis (insertion)

Fig. 396.

—

Muscle-Attachments to the Occipital Bone.

The obliquus capitis inferior arises from the spine of the epistropheus, and
is inserted into the transverse process of the atlas.

Nerve- Supply.—Posterior ramus of the first cervical (suboccipital) nerve.

Actions.—Extension, lateral flexion and rotation of the atlas in the axis.

M. Obliquus Capitis Superior.

—

The obliquus capitis superior arises from

the transverse process of the atlas, and is inserted into the occipital bone deep

and lateral to the semispinalis capitis and above the inferior nuchal line (Eig. 396).

Nerve-Supply.—Posterior ramus of the first cervical (suboccipital) nerve.

Actions.—Elevation, lateral movement and rotation of the head on the atlas.

M. Rectus Capitis Posterior Major.

—

The rectus capitis posterior major
arises from the spine of the second cervical vertebra, and is inserted into the

occipital bone deep to the obliquus capitis superior and semispinalis capitis and
below the inferior nuchal line (Eig. 396).

Nerve-Supply.—Posterior ramus of the first cervical (suboccipital) nerve.

Actions.—Elevation, lateral movement and rotation of the liead.

M. Rectus Capitis Posterior Minor.

—

The rectus capitis posterior minor
arises deep to the preceding muscle from the posterior tubercle of the atlas, and is
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inserted into the occipital bone below the inferior nuchal line medial to and beneath

the rectus capitis posterior major (Fig. 396, p. 444).

Nerve-Supply.—PosU-rior ramus of the fwst cervical (suboccipital) nerve.

Actions. Elevation, lateral UKivenient and rotation of the head.

Mm. Rotatores.—The rotatores are eleven pairs of small muscles occupying

the vertebral groove in the thoracic region, deep to the semispinalis dorsi, of which

they form the deepest fibres. Each consists of a small slip arising from the

transverse process and inserted into the lamina of the vertebra directly above.

Nerve-Supply. Pasterior rami of the thoracic nerves.

Actions. K.xtension and rotation of the vertebral column.

Mm. Interspinales.—The interspinales are bands of muscular fibres connect-

ing together the spinous processes of the vertebrse.

Nerve-Supply.—Posterior rami of the spinal nerves.

Action. Extension of the vertebral column.

Mm. Intertransversarii.—The intertransversarii are slender slips extending

between the transverse processes. They are double in the neck, the anterior

branches of the spinal nerves passing between them. In the loin the inter-transverse

muscles are usually double, but they are often absent, or are replaced by membrane.

Nerve-Supply.-^ Anterior rami of the spinal nerves.

Actions.—Lateral movement and rotation of the vertebral column.

Mm. Rectus Capitis Lateralis.—The rectus capitis lateralis, extending from

the transverse process of the atlas to the jugular process of the occipital bone (Fig.

396, p. 444), is homologous with the posterior of the two inter-transverse muscles.

Nerve-Supply.—Anterior ramus of the first cervical (suboccipital) nerve.

Action.—Lateral movement and rotation of the head. The action of these muscles is

extremely complex. Not only do they act on the vertebral column, ribs, head, and pehds,

in conjunction with other muscles, but some of them act also in relation to the movements of

the limbs as well. In this section will be given an analysis of their movements in relation to

the vertebral column, head, and pelvis. The movements of the limbs and of the ribs (respiration)

are dealt with in other sections. The chief muscles are engaged in preserving the erect position,

and in the movements of the trunk they are assisted in large measure by muscles whose chief

actions are referred to elsewhere.

1. Movements of the Vertebral Column.—The movements of the vertebral column are

flexion, extension, and lateral movement or rotation. These movements occur in all regions

—

neck, thorax, and loin ; flexion and extension and lateral movement are most limited in the

region of the thorax ; while rotation is most limited in the region of the loin.

a. Flexion.
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2. Movements of the Head.—The movements of the head are flexion and extension, at the

occipito-atlantoid articulation ; lateral movement and rotation at the atlanto-epistropheal joint.

a. FlexioiL
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The deep fascia of the head' and neck presents many reraiirkable characters.

Over the scalp it is represented by the galea aponeurotica (O.T. epicranial aponeurosis),

the tendon of the epicnineus muscle. This is a tough nieuibraiie, tightly stretched

over the calvaria, from which it is separated by loose areolar tissue. It is attached

posteriorly, partly through the agency of the occipitalis muscle, to the superior

nuchal line of the occipital bone ; anteriorly it joins the frontalis muscle and the

orbicularis oculi, and
has no bony attachment

;

laterally it is attached

to the temporal line and
the mastoid process.

Below the temporal line

it is continuous with the

temporal fascia, a stout

layer of fascia attached

to the temporal line and
zygomatic arch, which
covers and gives origin

to the temporal muscle.

This fascia separates into

two layers above the

zygomatic arch, to en-

close a quautity of fat

along with branches of

the temporal and zygo-

matico- orbital arteries.

On the face the fascia is

practically non-existent

anteriorly in relation to

the facial muscles. Pos-

teriorly it forms the thin

parotideo - masseteric
fascia,and ismuch thicker

in relation to the parotid

gland, for which it forms

a capsule.

In the neck the deep

fascia invests the mus-
cles, and forms fascial

coverings for the

Fig. 397.

—

Transverse Section in the Cervical Reoion
(between the fourth and fifth cervical vertebrse).

1. CRICO-ARYTyENOIDEUS POSTERIOR
MUSCLE.

2. Inferior constrictor mcscle.
3. Pharynx.
4. Cricoifl cartilage.
•i. Vocal fold.

26. Vertebral vein.

27. Scalenus medius.
28. Posterior triangle.

29. Scalenus posterior.
30. Levator scapula.
31. Acce.ssory nerve.

muscles.
7. Thyreoid cartilage.

8. Rinia Glottidis.

9. Layers of deep cervical fascia,

i ~ . 1 _ 10. Sterno-hyoid muscle.
pharynx, trachea, oeso- n. omohyoid muscle.

12. Sterno-thyrf.oid muscle.
13. Cervical fascia.

14. Thyreoid gland.
1.'). Coniiiion carotid artery.

16. Uescendens hypoglossi nerve.
17. Sterno-mastoid muscle.
18. Internal jugular vein.

19. Vagus nerve.

20. Sympathetic trunk.
21. Carotid sheath.
22. Phrenic nerve.
23. LoNous colli muscle.
24. LoNOUs capitis.

25. Scalenus anterior.

VOCALIS AND ThYREOARYT^NOIDEUS 32. SPLENIU.S CERVICIS.
33. LONOISSIMUS CERVICIS.
34. LONHISSIMUS CAPITIS.
35. Fifth cervical nerve.

36. Vertebral artery.

37. Profunda cervicis vein.

38. Profunda cervicis arterj'.

39. MuLTiriDus
40. Semispinalis cervicis.
41. Semispinalis capitis
42. Splenivs capitis.
43. Trapezius.
44. Liganientuni nucha".
45. Spine of fourth cervical vertebra.

46. I.,ainina of fifth cer\'ical vertebra.

47. Dura mater.
48. Spinal medulla.
49. Transverse process.

50. Fibro -cartilage between fourth and
fifth cervical vertebrae.

phagus, glands, and large

vessels. It encloses the

sterno - mastoid muscle,

and can be traced back-

wards over the posterior

triangle to the trapezius

and deeper muscl.es,

which it surrounds ; it

can be traced forwards

over the anterior triangle to the median plane of the neck, where it forms a continu-

ous membrane. Above the stermim the fascia, after enclosing the sterno-mastoid

muscles, is attached in the form of two layers to the front and back of the jugular

notch. The layer enclosing the infra-hyoid muscles passes across the median plane

of the neck anterior to the trachea, and is attached above to the hyoid bone, below

to the sternum, clavicle, and first rib. A third layer of fascia passes medially

anterior to the trachea, enclosing the thyreoid gland. Deep to the sterno-mastoid

the fascia helps to form the carotid sheath, which is completed by septal processes

stretching medially across the neck in relation to the infra-hyoid muscles, trachea.
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cesophagus, and pharynx, and the praevertebral muscles. The trachea, oesophagus,

and pharynx are Ukewise encapsuled in cervical fascia, a septal layer passing across

the median plane of the neck between the trachea and oesophagus. Lastly, a

strong praevertebral fascia passes across the neck anterior to the praevertebral

muscles, and posterior to the oesophagus and pharynx.

The cervical fascia is attached above to the bones of the skull : superficially to

the superior nuchal line of the occipital bone, the mastoid process, the zygoma
(over the parotid gland), and the inferior border of the mandible ; more deeply to

the styloid and vaginal processes of the temporal bone, the great wing of the

sphenoid and the basikr part of the occipital bone. This deeper attachment

(jprcBvertehral fascia) is posterior to the parotid gland and pharynx, and is

associated with the formation of three ligaments : stylo-mandibular ligament, spheno-

mandibular ligament, and pterygo-spinous ligament. The fascia is attached below,

through its muscular connexions, to the sternum, first rib, clavicle, and scapula.

By means of its connexion with the trachea and the common carotid artery it is

carried down behind the first rib into the superior mediastinum, and so becomes

continuous with the pericardium. By means of its connexion with the subclavian

vessels and brachial nerves it is carried down to the axilla, as the axillary sheath,

which becomes connected with the costo-coracoid membrane.

THE MUSCLES OF THE HEAD.

The muscles of the head are divisible into three separate groups : the super-

ficial muscles, muscles of the orbit, and muscles of mastication.

Superficial Muscles.

The superficial muscles comprise a large group, including the muscles of the

scalp and face, and the platysma in the neck.

The platysma is a thin quadrilateral sheet extending from chest to face

over the side of the neck, between the superficial and deep fasciae. It arises

from the deep fascia of the pectoral region.

It is directed upwards and forwards, and is partly inserted (by its intermediate
fibres) into the inferior border of the mandible, becoming connected with the
quadratus labii inferioris and triangularis muscles (Fig. 398, p. 449). The more
anterior fibres pass across the median plane of the neck and decussate for a
variable distance below the chin with those of the opposite side. The posterior

fibres sweep over the angle of the jaw and become continuous with the risorius

muscle. The platysma is the rudiment of the cervical portion of the panniculus
carnosus of lower animals, in which it has a much more intimate connexion
with the muscles of the face than is usually the case in man.

Nerve-Supply.—Cervical branch of the facial nerve.

Actions.—It depresses the mandible and laterally flexes the head. It also throws into folds
the skin of the side of the neck.

The IVIuscIes of the Scalp.
The muscles of the scalp comprise the epicranius muscle and the muscles of

the auricle.

M. Epicranius.—The epicranius (O.T. occipitofrontalis) is a muscle with four
bellies, two posterior and two anterior, and an intervening tendon (the galea
aponeurotica) which stretches uninterruptedly across the median plane of the
cranium. Each posterior belly (occipitalis) arises as a broad flat band from the
lateral two-thirds of the superior nuchal hne of the occipital bone. Each anterior
belly (frontalis) has no bony attachments ; arising from the galea aponeurotica
about the level of the coronal suture, it passes downwards to the supra-orbital
arch, where it blends with the orbicularis oculi and corrugator supercilii muscles.
It extends across the full width of the forehead, and blends in the median plane
with the muscle of the opposite side.
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The galea aponeurotica (O.T. epicranial aponeurosis), extending between the
two anterior and the two posterior Heshy bellies, is a continuous membrane which
glides over the calvaria, and has attachments laterally to the temporal ridge, and
behind, between the posterior bellies, to the superior nuchal lines of the occipital
bone. It has no osseous attachment anteriorly.

Nerve-Supply.—The occipitalis is supplied by the posterior auricular branch of the facial
nerve. The frontalis is supplied by the temporal branche,s of the same nerve.

Actions. —The epicraneus is usually rudimentary. By the contraction of the fibres of the
frontalis muscle the skin of the forehead is thrown into horizontal parallel folds.

Galea
ajirinpurotica — r^,

Frontalis

Orbicularis oci'li

M. PROCERl'S

Caput anoularb
- m. nasa lis

Caput anoulare

Caput inkraorbitalk

put zygomaticum

CaNINL'S

zvoomaticus

Orbicularis oris

BufXINATOR

'J

m. triangularis

^^^^ ^^^^^^ -- m. quadratus labil inferiorisl

Masseter
Platysma

Fig. 398.

—

Tbk Mtscles of the Face and Scalp (Muscles of Expression).

The extrinsic muscles of the ear are three in number : posterior, superior, and
anterior. They are rudimentary and usually I'uuctionless.

The m. auricularis posterior (O.T. retrahens aurem) is a narrow fleshy slip

which arises from the surface of the mastoid process and is inserted into the cranial

surface of the auricle. It bridges across the groove between the mastoid process

and the auricle, and conceals the posterior auricular vessels and nerve.

The m. auricularis superior (O.T. attoUens aurem) is a small fan-shaped

muscle which arises from the temporal fascia, and descends to be inserted into

the top of the root of the auricle.

The m. auricularis anterior (O.T. attrahens aurem) is a similar small muscle,

placed in front of the auricularis superior, and stretching obUquely between the

temporal fascia and the top of the root of the auricle.

30
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The Muscles of the Face.

The facial muscles are divided into three groups, associated with the several

apertures of the eye, nose, and mouth.

1. The muscles of the eyelids include four muscles : the levator palpebrse

superioris (described with the orbital muscles (p. 452)), orbicularis oculi, lacrimal

part of the orbicularis, and corrugator supercilii.

M. Orbicularis Oculi.—The orbicularis oculi is a transversely oval sphincter

muscle surrounding and occupying the eyelids. It is divisible into an orbital 'portion

(jpars orbitalis) composed of coarse fibres, spreading on to the forehead, temple,

and cheek, and a palpebral portion (pars palpebralis), composed of finer fibres,

situated beneath the skin of the eyelids. At the medial commissure of the eye

the muscle (by its palpebral fibres) gains an attachment to the medial palpebral

lio-ament and the borders of the naso- lacrimal groove. Its fibres enclose the

lacrimal sac and the canaliculi. The posterior fibres, extending between the

posterior edge of the naso-lacrimal groove and the tarsal ligaments behind the

lacrimal sac, constitute the pars lacrimalis (O.T. tensor tarsi muscle). The fibres

of the muscle which extend along the margins of the lids constitute a separate

ciliary bimdle.

Laterally the orbicularis oculi has no bony attachment ; so that when it

contracts and closes the eyelids, both lids at the same time tend to be drawn

towards the medial commissure of the eye.

M. Corrugator Supercilii.—The corrugator supercilii arises from the medial

part of the superciliary arch, and passing horizontally laterally, blends with the

upper fibres of the orbicularis oculi on its deep surface. The contraction of this

muscle throws the skin of the forehead into vertical folds, while at the same

time drawing the medial half of the eyebrow upwards, it produces concentric

curved folds on each side of the median plane of the forehead.

2. The muscles of the nose comprise five small muscles proper to the nose, and

one common to the nose and upper lip : the m. procerus, nasahs, dilatores naris

(anterior and posterior), depressor alee nasi, and angular head of the quadratus

labii superioris. They are all small and feeble muscles.

The m. procerus (O.T. pyramidalis nasi) arises from the epicranius muscle

and the skin over the glabella ; it is inserted into a membrane stretching over the

nose, which gives attachment to the musculus nasalis also.

The m. nasalis (O.T. compressor naris) arises by a narrow origin from the

maxilla, under cover of the quadratus. It passes forwards over the bridge of the

nose, and ends in a membranous insertion common to it and the preceding muscle.

The mm. dilatores naris are feeble muscular slips placed on the lateral surface

of the margin of the nostril, one anteriorly, the other posteriorly.

The m. depressor alse nasi is a small muscle arising from the upper part of the

incisor fossa of the maxilla ; it divides into two parts as it passes upwards and

mediiUy, and is inserted into the ala and the septum of the nose (depressor septi).

The caput angulare (O.T. levator labii superioris alseque nasi) is a portion

of the quadrate muscle of the upper lip, and is a narrow band arising from the root

of the frontal process of the maxilla. It descends alongside the nose, and is

inserted, partly into the ala of the nose and partly into the orbicularis oris muscle.

3. The muscles of the mouth comprise a number of muscles, of which all

but one, the orbicularis oris, are bilaterally placed. The muscles are : (1) quadratus

labii superioris, which includes the angular head just described, the infra-orbital

head, and the zygomatic head; (2) the canine muscle; (3) zygomaticus; (4)

risorius; (5) orbicularis oris; (6) triangularis; (7) quadratus labii inferioris

;

(8) mentalis ; and (9) buccinator.

M. Orbicularis Oris.—The orbicularis oris is the sphincter muscle surround-

ing the lips. It is continuous with the other muscles converging to the mouth.

It lies between the skin and mucous membrane of the mouth, and is limited

superiorly by the nose, inferiorly by the junction of the lower hp and chin. Its

medial fibres are attached above to the septum of the nose (naso-labial band) and
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to the incisor fossa (mperior incisive bundle) ; below they are attached to the
mandible on each side of the symphysis (inferior incisive bundle). 1'hese bundles
radiate laterally to join the rest of the muscle, which is joined at its margin by
the elevators and depressors of the lower lip and angle of the mouth, and by the
buccinator muscle. The lower fibres of the muscle are continued laterally into

the buccinator and canine muscles ; its vpper fibres are continued into the
buccinator and triangularis muscles.

M. Quadratus Labii Superioris.—The quadratus labii superioris comprises
three muscles.

(1) The caput angulare (O.T. levator labii superioris aleeque nasij lias

already been described.

(2) The caput infra-orbitale (O.T. levator labii superioris) arises from the

maxilla just above the infra-orbital foramen. It passes almost vertically down-
wards to join the orbicularis oris and the skin of the upper lip between the

attachments of the caput angulare and the caninus. It conceals the infra-orbital

vessels and nerve.

(3) Tlie caput zygomaticum (O.T. zygomaticus minor) arises from the

zygomatic bone, and is often continuous with the most peripheral fibres of the

orbicularis oculi. It is directed obliquely downwards and forwards over the
caninus, to be inserted along with the caput infra-orbitale into the margin of

the orbicularis oris.

M. Caninus.—The caninus (O.T. levator anguli oris) arises from the canine
fossa of the maxilla below the infra -orbital I'oramen and under cover of the

caput zygomaticum. It is directed laterally and downwards, to be inserted into

the orbicularis oris and the skin at the angle of the mouth.
M. Zygomaticus.—The zygomaticus (O.T. zygomaticus major) is a narrow

muscular band which arises from the zygomatic portion of the zygomatic arch.

It passes to the angle of the mouth, to be inserted partly into the skin, partly into

the orl>icularis oris.

M. Risorius.—The risorius is a thin flat muscle which forms in part a con-

tinuation of the platysma on the face, in part a separate muscle, with an origin

from the parotideo - masseteric fascia. It passes transversely forwards, to be
inserted at the angle of the mouth into the orbicularis oris and skin.

M. Triangularis.—The triangularis (O.T. depressor anguli oris) arises from
the oblique line of the mandible and is continuous with the platysma (Fig. 398,

p. 449). It is triangular in form, its fibres converging to the angle of the mouth,
where they are inserted into the orbicularis oris and the skin. Some of the fibres

reach the upper lip through the orbicularis muscle.

M. Quadratus Labii Inferioris.—The quadratus labii inferioris (O.T. de-

pressor labii inferioris) arises from the lateral surface of the mandible deep
and medial to the preceding muscle (Fig. 398, p. 449). It is quadrilateral in form,

and is directed upwards, to be inserted into the orbicularis oris and the skin of

the lower lip. Its lateral fibres are overlapped by the triangularis. Its medial

fibres join with those of the opposite muscle.

M. Mentalis.—The mentalis (O.T. levator menti) is a small muscle which
arises from the incisor fossa of the mandible and is inserted into the skin of the chin.

M. Buccinator.—The buccinator muscle forms the lateral wall of the mouth,
and is in series posteriorly with the constrictor muscles of the pharynx. It

arises (1) from the alveolar arches of the maxillae and mandible (Fig. 407,

p. 457), and between these attachments
; (2) from the pterygo-mandibular raphe.

Its fibres are directed forwards to the angle of the mouth, where they blend

with the corresponding (upper and lower) portions of the orbicularis oris muscle.

The middle fibres of the muscle decussate at the angle of the mouth, so as to

pass, the lower set to the upper lip, the upper set to the lower lip. The
liDuccinator is covered on its deep surface by the mucous membrane of the mouth.
Superficially it is concealed by the muscles above mentioned, which converge to

the angle of the mouth ; it is separated from the masseter by the corpus adi-

posum bticccr ; it is pierced by the duct of the parotid gland, and by branches of

the buccinator nerve.

30 a
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Nerve-Supply.—The facial and scalp muscles are all innervated by the facial nerve. The
posterioi- auricular branch supplies the posterior auricular muscle and occipitalis; the branches
into which it breaks up in the parotid gland supply the frontalis, superior and anterior auricular
muscles, the several muscles associated with the apertures of the eye, nose, and mouth (including
the buccinator), and the platysma.

Actions.—The almost infinite variety of facial expression is produced partly by the action
of these muscles, partly by their inactivity, or by the action of antagonising muscles (antithesis).

On the one hand joy, for exam^sle, is betrayed by the action of one set of muscles, while grief is

accompanied by the contraction of another (opposing) set. Determination or eagerness is accom-
panied by a fixed expression due to a combination of muscles acting together ; despair, on the
other hand, is exj^ressed by a relaxation of muscular action. For a philosophical account of the
action of the facial muscles, the student should consult Darwin's Expression of the Emotions in

Man and Animals, and Duchenne's Mecanisme de la Physiologie humaine.
The platysma retracts and depresses the angle of the mouth, and depresses the mandible.

Tlie epicranius, by its anterior belly, raises the eyebrows ; both bellies acting together

tighten the skin of the scalp ; acting along with the orbicularis oculi, it shifts the scalp back-

wards and forwards. Tlie corrugator supercilii draws the eyebrow medially and wrinkles the

skin of the forehead vertically. The procerus draws downwards the skin between the eyebrows,
as in frowning. The upper eyelid is raised by the levator palpebrae superioris. The closure of

the lids is effected by the orbicularis oculi, whose fibres also assist in the lowering of the

eyebrows, in the j)rotection of the eyeball, and, by pressure on the lacrimal gland, in the

secretion of tears. The tarsal part, acting along with the orbicularis oculi, compresses the

lacrimal sac and aids in the passage of its contents into the naso-lacrimal duct. The muscles of

the ear and nose have quite rudimentary actions. Of the muscles of the mouth, the orbicularis

oris has a complex action, depending on the degree of contraction of its component jjarts. It

causes compression and closure of the lips in various ways, tightening the lips over the teeth,

contracting them as in osculation, or causing pouting or protrusion of one or the other. The
accessory muscles of the lips draw them upwards (zygomaticus, quadratus labii superioris),

laterally (zygomaticus, risorius, platysma, triangularis, buccinator), and downwards (triangularis,

quadratus labii inferioris, platysma). The mentalis muscle elevates the skin of the chin and
protrudes the lower lip. The buccinator retracts the angles of the mouth, flattens the cheeks,

and brings them in contact with the teeth.

I E\ MOR I \LlLim 1 '^l 1 1 IllORIS
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( rUS MEDIALIS

Rectus lateralis

Obliquus inferior

Rectus inferior

The Fasciae and lYIuscIes of the Orbit.

The eyeball, with its muscles, vessels, and nerves, is lodged in a mass of soft

and pelding fat which entirely fills up the cavity of the orbit. Surrounding the

posterior part of the eyeball

is the fascia bulbi (O.T. cap-

sule of Tenon), which con-

stitutes a large lymph space

or synovial bursa in relation

to the posterior part of the

eyeball. Anteriorly the cap-

sule is in contact with the

conjunctiva, and intervenes

between the latter and the

eyeball
;

posteriorly it is

pierced by and prolonged

along the optic nerve. It is a

smooth membrane connected

to the globe of the eye by
loose areolar tissue. It is

pierced by the tendons of the ocular muscles, along which it sends prolongations

continuous with the muscular sheaths.

The muscles of the orbit are seven in number : one, the levator palpebrae

superioris, belongs to the upper eyelid ; the other six are muscles of the eyeball.

M. Levator Palpebrae Superioris.

—

The levator palpebrae superioris lies

immediately beneath the orbital periosteum and covers the superior rectus muscle.

It has a narrow origin above that muscle from the margin of the optic foramen.

It expands as it passes forwards, to end, in relation to the upper lid, in a

membranous expansion which is inserted in a fourfold manner : (1) into the

orbicularis oculi and skin of the upper lid, (2) mainly into the superior border of

the superior tarsus, (3) into the conjunctiva, and (4) by its edges into the upper

border of the margin of the orbital opening.

Fig. 399.

—

Transverse Vertical Section through the Left Orbit
BEHIND the Eyeball to show the Arrangement of Muscles.
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Nerve-Supply.—The muscle is srtpplied by the superior division of the oculo-inotor nerve.

Actions.— 1 1 elevates the upper eyelid and antagonises the action of the orbicularis ociili

muscle.

-superior, inferior, medial,

< )ui;l< ri.AKis

Rectus
superior

Levator palpebr^e
superioris

Fig. 400.

—

Mdscles of the Right Orbit (from above).

Mm. Recti.—The recti muscles are tuur in imml»er-

and lateral. They all arise rioia a

meiubraiiou.s ring surrounding the

optic foramen, which is separable into

two parts—a superior common tendon,

giving origin to the superior and
medial recti and the superior head of

the lateral rectus ; and an inferior

common tendon^ giving origin to the

medial and inferior recti and the in-

ferior head of the lateral rectus. The
two origins of the lateral rectus muscle
are separated by the passage into the

orbit of the oculo-motor, naso-ciliary,

and abducent nerves. Forming flat-

tened bands which lie in the fat of the

orbit around the optic nerve and eye-

ball, the four muscles end in tendons

which pierce the fascia bulbi, and are

inserted into the sclera about eitfht

millimetres (three to four lines) behind
the margin of the cornea.

The superior and inferior recti are

inserted in the vertical plane slightly

medial to the axis of the eyeball ; the

lateral and medial recti in the trans-

verse plane of the eyeball ; and all are attached in front of the equator of the

eyeball.

M. Obliquus Superior.

—

The obliquus superior arises from the margin of the

optic foramen between the rectus superior and rectus medialis. It passes forwards,

as a narrow muscular band, medial to the rectus superior, and at the anterior

margin of the orbit

forms a narrow ten-

don which passes

through a special

fibrous pulley
(trochlea) attached

to the roof of the

orbit.

Its direction is

then altered, and
passing laterally,

between the tendon
of the superior
rectus and the eye-

ball, it is inserted

into the sclera be-

tween the superior

and lateral recti,

midway between
the margin of the cornea and the entrance of the optic nerve.

M. Obliquus Inferior.

—

The obliquus inferior arises from the medial side of

the floor of the orbit just behind its anterior margin, and lateral to the naso-
lacrimal groove.

It forms a slender rounded slip, which curls round the inferior rectus tendon.
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Obliquus superior

Levator palpebR/G superioris (cut)

Rectus superior

Rectus lateralis
Octilo-inotor

nerve

Xaso-ciliary
nerve

Abducent nerve

Obliquus inferior Rectus inferior

Fig. 401.

—

Muscles of the Left Orbit (from lateral aspect).
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and passes between the lateral rectus and the eyeball, to be inserted into the
sclera between the superior and lateral recti, and farther back than the superior
oblique muscle.

M. Orbitalis (O.T. Miiller's muscle) is a rudimentary bundle of non-striated muscular fibres
bridging across the inferior orbital fissure and infra-orbital groove. It is supplied by fibres from
the sympathetic, and may have a slight influence in the protrusion of the eyeball.

Lacrimal gland Frontal nerve Supra-orbital nerve

Lacrimal nerve

Nerves to rectus superior and
levator palpebrje superioris,

from oculo-motor nerve

Trochlear nerv

Rectus lateralis

Abducent nerve

Oculo-motor nerve (inferior,

division)

Ciliary ganglion

Nen'e to rectus inferior, from
oculo-motor nerve

Nerve to obliquus inferior,
from oculo-motor nerve

Supra-troclilear nerve

Levator palpebr^e
superioris

Rectus superior

Obliquus superior

Anterior ethmoidal branch
of naso-ciliary nerve

Infra-trochlear branch

Rectus medialis

Nerve to rectus medialis, from
oculo-motor

Ophthalmic artery

Optic nerve

Long ciliary nerves

Rectus inferior

Fig. 402.-

Obliquus inferior

-Schematic Kepresentation of the Nerves which traverse the Cavity of the Right Orbit.

Nerve-Supply.—The muscles of the eyeball are supplied by the third, fourth, and sixth
cerebral nerves. The trochlear (fourth nerve) supplies the obliquus, superior ; the abducent
(sixth.) supplies the rectus lateralis ; the oculo-motor (third nerve) supplies the others—recti,

superior, inferior, and medialis, and obliquus inferior.

Actions.—The six muscles inserted into the eyeball serve to move the longitudinal axis
of the eyeball ujnvards, downwards, medially, and laterally, besides causing a rotation, of the
eyeball on its own axis. The following table expresses the action of individual muscles. It must
be remembered that, while similar movements occur simultaneously in the two eyebaUs, the
horizontal movements may, by adduction of the muscles of both sides, cause convergence of the
axes of the two eyebaUs for the jjurposes of near vision.

a. Adduction.
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directed downwards and backwkrds towards the angle of the mandible ; the deeper

fibres are directed vertically downwards.
The muscle is inserted by fleshy and tendinous fibres into the lateral surface

of the ramus and angle of tlie mandible and the coronoid process (Fig. 403).

The deepest fibres

blend with the
fibres of the sub-

jacent temporal
muscle.

The
partially

Exteri

Tfiinporal (part
of insprtioii)
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Galea aponeurotica

Temporal fascia

Temporal fascia (deep
layer)

Occipitalis musclk—{4-L- ^.^l'

Temporal muscle—"-^—J'^'^'

Aiiriculo-temporal nerve

Superficial temporal
artery

Masseter (deep fibres)-

Parotid gland
(drawn backwards
and downwards)

Orbicularis ocoli

Caput zygomaticum
of quadratus
labii superioris

Masseter (superficial

fibres)

Parotid duct

Buccinator

Triangularis muscle

External maxillary
artery

Fig. 405.

—

Muscles of Mastication (superficial xiew).

Temporal muscle

--Buccinator

Fio. 406.

—

The Riqht Temporal Mdscle. (The Zygomatic Arch and the Masseter Muscle have been removed.)
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fovea pterygoidea on the anterior a.spect of the neck of the mandihle (Figs. 403

and 404, p. 455), and (2) the articular disc and capside of the mandibular

articulation.

This muscle is covered Ity the insertion of the temporal muscle and the coronoid

process of the mandible, and is usually crossed y>y the internal maxillary artery.

It conceals the mandibular Iiranch of the trigeminal nerve, and the pterygoid origin

of the internal jtterygoid muscle.

M. Pterygoideus Internus.—The internal pterygoid muscle, placed beneath

tiie external pterygoid m\isele and the ramus of the niaiidil)le, has likewise a

double origin—(1) from the medial surface of the lateral pterygoid lamina and the

pyramidal process of the palate bone, and (2) by a stout tendon from the tuberosity

Temporal mi'scle (rettectpH)

e.xtern.il pterygoid
Internal pteryooid

Pterygo-niaiidibular raphe

Buccinator

Fig. 407.

—

The Pterygoid Muscles of the Kight Side.

of the. maxilla. Its two heads of origin embrace the inferior fibres of the external

pterygoid muscle.

'It is quadrilateral in form, and is directed downwards, laterally, and backwards

lateral to the auditory tube and the tensor and levator muscles of the palate,

to be inserted into a triangular impression on the medial surface of the mandible,

between the mylo-hyoid groove and the angle of the bone (Fig. 404, p. 455).

This muscle is covered by the ramus of the mandible and temporal muscle,

and partially by the external pterygoid muscle. In contact with its superficial

surface are the spheno-mandibular ligament, and the inferior alveolar and lingual

nerves and their accompanying vessels. The muscle conceals the tensor veli

palatini and the wall of the pharynx (superior constrictor).

Nerve-Supply.—The mandibular division of the trigeminal nerve supplies all the muscles of

luastication except the buccinator, wliich is supplied by the facial nerve. The internal pterygoid

muscle is supplied by the nerve before its division into anterior and posterior parts ; the other

muscles are innervated by the anterior trunk.

Actions.—The above muscles, assisted by others in the neck, produce the various move-

ments of the mandible as follows :

—
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a. Opening of the Mouth.

Weight of the mandible
Digastric

Mylo-hyoid
Genio-hyoid
Genioglossus
Infra-hyoid muscles

h. Protrusion of the Mandible.

External pterygoid

Internal pterygoid

Temporal {anterior fibres)
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thyreoid cartilage : (2) supra-hyoid muscles, connecting it to the mandible, cranium,

and tongue ; and (3) the middle constrictor muscle of the pharynx (p. 464).

The infra-hyoid muscles comprise the omo-hyoid, sterno-hyoid, sterno-thyreoid,

and thyreo-hyoid muscles.

M. Omohyoideus.—The omo-hyoid is a muscle with two bellies, anterior and
posterior. The posterior belly arises from the superior margin of the scapula and

the superior trausvei-se scapular ligament (Fig. 333, p. 372). It forms a narrow

muscular band, which passes obliquely forwards and upwards, and ends in an

intermediate tendon beneath the sterno-mastoid muscle.

From this tendon the anterior belly proceeds upwards, to be inserted into the

lateral part of the inferior border of the body of the hyoid bone.

The posterior belly of the muscle separates the posterior triangle into occipital

and subclavian parts ; the anterior belly crosses the common carotid artery at the

STVLOOLOSSIs

- HtckiLosses

-Gr.NIO-HTOID

^
:5TERJ!0-TH VBEOID

_Sterno-hyoid

Fig. 4v-.— iMh n iHE TuNtiUE A>D Hyoiu Bone iright side).

level of the cricoid cartilage, and in the anterior triangle forms the boundary

between the muscular and carotid triangles. A process of the deep cervical fascia

binds down the tendon and the posterior belly to the cla\dcle and the first rib.

M. Sternohyoideus.—The sterno-hyoid muscle arises from the posterior

surface of the manubrium, from the back of the first costal cartilage, and from the

clavicle (Fig. 327, p. 366).

It passes vertically upwards in the neck, medial to the omo-hyoid and anterior

to the sterno-thyreoid muscle, to be inserted into the medial part of the body of

the hyoid bone.
' Except near its origin, whicli is covered by the sternum, clavicle,

and sternal head of the sterno-mastoid, the muscle is superficially placed.

M. Sternothyreoideus.— The sterno-thyreoid muscle arises beneath the

sterno-hyoid from the back of the manubrium and first costal cartilage.

Broader than the preceding muscle, it passes upwards, and sHghtly in a lateral

direction in the neck, in front of the trachea and thyreoid gland, and deep to the

sterno-mastoid, omo-hyoid, and sterno-hyoid muscles. It is inserted into the oblique
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line of the thyreoid cartilage. The muscle is marked by an oblique tendinous

intersection in the middle of its length.

M. Thyreohyoideus. — The thyreo-hyoid muscle continues the line of the

preceding muscle to the hyoid bone. Short and quadrilateral, it arises from the

oblique line of the thyreoid cartilage.

Passing over the thyreo-hyoid membrane, deep to the omo-hyoid and sterno-

hyoid, it is inserted into the body and great cornu of the hyoid bone.

The levator glandulse thyreoideae is an occasional slip stretching between the hyoid bone

and the isthmus or pyramid of the thyreoid gland.

Mylo-hyoid

Digastric

Hyoolossus

Stylo-hyoid

Middle constrictor

Thykeo-hyoid

Inferior
constrictor

Omo-hyoid
Inferior
constrictor

Sterno-hyoid

Sterno-thyreoid

Fig. 409.

—

The Muscles op the Side of the Neck (anterior and posterior triangles).

Nerve-Supply.—The sterno-hyoid, sterno-thyreoid, and omo-hyoid are supplied by the ansa

hypofjlossi ; the thyreo-hyoid, by a special branch from the hypoglossal nerve. Through the ansa

hypoglossi the muscles are innervated by nerves which are ultimately derived from the first

three cervical nerves. The descendens hypoglossi is derived from the first two cervical nerves,

the descendens cervicis by the second and third ; and these two trunks combine to form the

ansa. The thyreo-hyoid muscle is innervated (through the hypoglossal) from the loop between

the first and second cervical nerves.

Actions.—The sterno-hyoid, sterno-thyreoid, and omo-hyoid are depressors of the hyoid bone.

The two f(jrmer muscles are also accessoiy muscles of inspiration. The omo-hyoid is a feeble

elevator of the scapula. The thyreo-hyoid is, on the one hand, an elevator of the thyreoid cartilage,

and acting with the pr(;vious muscles, on the other hand, it is a depressor of the hyoid bone.

The supra-hyoid muscles comprise the digastric, stylo-hyoid, mylo-hyoid, and
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genio-hyoid muscles; and also two muscles, the genioglossus aud hyoglossus,

which will be described along with the extrinsic muscles ot" the tongue.

M. Digastricus.—The digastric muscle, as its name implies, possesses two
bellies—anterior and posterior.

The podevior belly arises, under cover of the sterno-mastoid muscle, from the

mastoid notch medial to the mastoid process. It is directed forwards aud down-
wards, in company with the stylo-hyoid muscle, to end in an intermediate tendon,

which is connected by a pulley-like band of cervical fascia to the body of the hyoid

bone.

The anterior belly of the muscle is directed iorvvards aud upwards, over the

mylo-hyoid muscle, to the chin, aud is inserted into the oval digastric fossa on the

inferior border of the mandible close to the symphysis (Fig. 410).

The muscle forms the inferior boundary of the submaxillary division of the

anterior triangle, containing the submaxillary gland. The posterior belly in

company with the stylo-hyoid crosses the carotid arteries and internal jugular vein.

The occipital arterv ex-
. 1 ^

^ . , "

,

External ptery-
tends posteriorly along Koid (insertion)

its inferior margin, and
the parotid gland covers

its superior border.
The hypoglossal nerve

emertjes from under^ ^ ,

,

, Superior con-
COVer ot the muscle. stricter (origin)

The anterior l)elly, as it

passes to its insertion,

lies upon the mylo-
hyoid muscle.'

Nerve - Supply. — The
posterior belly is supplied
by the facial nerve ; the
anterior belly by the nerve
to the mylo-hyoid, a branch
of the inferior alveolar

Fig. 410. -Muscle-Attachments on the Medial Side ok the
Mandible.

M. Stylohyoideus.
—The stylo-hyoid
muscle arises from the

posterior border of the styloid process of the temporal bone.

Crossing the anterior triangle obliquely, along with the posterior belly of the
digastric muscle, it is inserted into the body of the hyoid bone, by two slips which
enclose the tendon of the digastric muscle.

Nerve-Supply.—Facial nerve.

M. Mylohyoideus.— The mylo-hyoid muscle forms with its fellow a
diaphragm in the floor of the mouth. It arises from the inferior three-fourths of

the mylo-hyoid ridge of the mandible (Fig. 410).

It is directed downwards and medially, to be inserted into (1) the superior border
of the body of the hyoid bone, and more anteriorly (along with the opposite muscle)
into (2) a median raphe extending from the hyoid bone nearly to the chin.

The muscle is in contact, on its superficial or lateral surface, with the digastric

muscle and the submaxillary gland. Its deep or medial surface is partially

covered by the mucous membrane of the floor of the mouth, and is separated from
the muscles of the tongue by the deep part of the submaxillary gland, the sub-
lingual gland, the submaxillary duct, and the lingual and hypoglossal nerves.

Nerve-Supply,—The muscle is supplied by the nerve to the mylo-hyoid, a branch of the
inferior alveolar nerve.

M. Geniohyoideus.—The genio-hyoid muscle arises from the inferior of the
two mental spines on the posterior surface of the symphysis of the mandible
(Fig. 410).
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It is directed downwards and somewhat posteriorly, along the inferior border of

the genioglossus, to be inserted into the anterior surface of the body of the hyoid

bone. The muscles of opposite sides are often fused together.

The muscle is placed deeper than the anterior belly of the digastric muscle and

the mylo-hyoid, and is in contact with the inferior border of the genioglossus

muscle.

Nerve-Supply.— It is supplied by the hypoglossal nerve, but its nerve can be traced back

to an origin from the communication between that nerve and the first and second cervical

nerves.

Actions.—The digastric, stylo-hyoid, mylo-hyoid, and genio-hyoid muscles are all elevators

of tlie hyoid bone. The posterior belly of the digastric and stylo-hyoid also retract, while the

anterior belly of the digastric and the genio-hyoid protract it. The anterior belly of the digastric,

mylo-hyoid, and genio-hyoid also assist in opening the mouth.

M. ^erticali.s

linguae

Profunda
linguw
artery

Septum

B linyua
M. longitudinalis
inferior

The IVIuscIcs of the Tongue.

The muscular substance of the tongue consists of two symmetrical series of

muscles placed on either side of a membranous raphe in the median plane. The
series comprise (1) extrinsic

M. transversus M. verticaiis '"
";;;^"prTnr

~ "" linrcm* musclcs arisiug from the soft

palate, styloid process, hyoid

bone and mandible, and

(2) intrinsic muscles proper

to the tongue itself. Each
set consists of four series of

muscles.

A. The extrinsic mus-
cles are four in number

:

(1) genioglossus, (2) hyo-

glossus, (3) styloglossus, and

(4) glossopalatinus.

M. Genioglossus.

—

The genioglossus muscle
(O.T. geniohyoglossus)

M. transversus (Fig. 408, p. 459) is an ex-

trinsic muscle of the tongue

as well as a supra -hyoid

muscle.

It is a fan-shaped muscle

arising by its apex from
the superior of the- two mental spines, behind the symphysis of the mandible
(Fig. 410, p. 461).

From that origin the muscular fibres diverge ; the lowest fibres are directed

downwards and backwards, to be inserted into the body of the hyoid bone ; the

highest fibres curve forwards, to be attached to the tip of the tongue ; the inter-

mediate fibres are attached to the substance of the tongue in its whole length

between the base and tip.

The muscles of opposite sides are separated by the median raphe of the tongue.

On the lateral aspect, of each, are the hyoglossus and mylo-hyoid muscles.

M. Hyoglossus.—The hyoglossus muscle is also an extrinsic muscle of the

tongue as well as a supra-hyoid muscle.

It arises from the body and great cornu of the hyoid bone.

It is directed upwards and forwards, to be inserted into the side of the tongue,

its fibres interlacing with the fibres of the styloglossus.

The muscle is quadrilateral, and lies between the genioglossus and mylo-hyoid
muscles, separated from the latter by the mucous membrane of the floor of the

mouth, the sublingual and part of the submaxillary glands, the lingual and hypo-
glossal nerves, and the submaxillary duct.

The chondroglossus is a small separated slij) of the hyoglossus, not always present.

Fig. 411.—A, Transverse, and B, Longitudinal Vertical
Sections through the Tongue (Krause).
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M. Styloglossus.—The styloglossus muscle arises from the anterior border
of the styloid process near its tip, and from the stylo-hyoid ligament.

It sweeps forwards and medially, and is inserted into the side and inferior

surface of the tongue, its fibres spreading out to decussate with those of the

glossopalatinus and hyoglossus muscles beneath the subma.xillary gland and the

mucous membrane of the tongue.

M. Glossopalatinus.—The glossopalatinus (O.T. palatoglossus) is a thin

sheet of muscular fibres arising from the inferior surface of the soft palate, where
it is continuous with fibres of the opposite nmscle.

It passes downwards, in the glosso-palatiue arch, and spreads out, to be inserted

into the sides of the tongue, blending with the styloglossus and the deep transverse

fibres of the tongue.

The muscle is placed directly beneath the mucous membrane of the soft palate

and tongue.

B. Intrinsic Muscles of the Tongue.—Besides receiving the fibres of insertion

of the extrinsic muscles, the substance of the tongue is composed of four intrinsic

muscles on either side—two in the sagittal plane, the superior and inferior longi-

tudinal muscles ; two in the frontal plane, the transverse and vertical muscles.

M. Longitudinalis Superior.—The superior longitudinal muscle extends from
base to tip of the tongue. It is placed on its dorsum immediately under the

mucous membrane, into which many of its fibres are inserted.

M. Longitudinalis Inferior.—The inferior longitudinal muscle is a cylindrical

band of muscular fibres occupying the inferior part of the organ on each side, in the

interval between the genioglossus and the hyoglossus muscles. Posteriorly some
of its fibres extend to the hyoid bone.

M. Transversus Linguae.—The transversus linguae (O.T. transverse fibres) arises

from the median raphe, and radiates outwards to the dorsum and sides of the

tongue, intermingling with the extrinsic muscles and the fibres of the vertical

muscle. It occupies the substance of the tongue between the superior and inferior

longitudinal muscles.

M. Verticalis Linguae.—The verticalis linguae (O.T. vertical fibres) arises from

the dorsal surface of the tongue, and sweeps downwards and laterally to its sides,

intermingled with the fibres of the preceding muscle and the insertions of the

extrinsic umscles. The transverse and vertical muscles form a very considerable

part of the total muscular substance of the organ.

Nerve-Supply.—All these muscles except the glossopalatinus are supplied by the hypo-
glossal nerve. The glossopalatinus is supplied by the accessory nerve through the pharyngeal
plexus.

Actions.—The genioglossus and the hyoglossus are both elevators of the hyoid bone
besides having actions in relation to the tongue. The tongue is protruded by the action of the

posterior fibres of the genioglossus, retracted by the anterior fibres aided by the styloglossus.

The styloglossus and glossopalatinus are elevators, while the genioglossus and hyoglossus are

depressors of the tongue.

Actions of the Infra -hyoid and Supra -hyoid Muscles, and the Muscles of the
Tongue.—These muscles have a complexity of action, owing to their numerous attachments to

more or less movable points. The movements for which they are responsible in whole or part are :

(1) movements of the hyoid bone in mastication and deglutition, (2) movements of the thyreoid

cartilage, (3) movements of the tongue, (4) movements of the head, (5) movements of the shoulder,

and (6) respiration.

(1) Movements of the Hyoid Bone.—The hyoid bone is elevated or depressed, and moved for-

wards or backwards along with the mandible and tongue, in speech, mastication, and swallowing.

a. Elevation.

Digastric

Stylo-hyoid
Mylo-hyoid
Genio-hyoid
Genioglossus
Hyoglossus
Muscles closing

mouth
the

Depression.

Thyreo-hyoid
Sterno-hyoid
Omo-liyoid
Stemo-thyreoid

b. Protraction.

Genio-hyoid
Genioglossus

Retraction.

Stylo-hyoid
Middle constrictor
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(2) Movements of the Thyreoid Cartilage.—The thyreoid cartilage is raised and lowered
during speech and deglutition.

Elevation.
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the

Pharyngo-basilar fascia

The superior fibres overlap -the inferior part of the superior constrictor; the

inferior fibres are concealed from view by the inferior constrictor muscle. In the

interval between the middle and inferior constrictors are found the superior

laryngeal artery and internal laryngeal nerve.

M. Constrictor Pharyngis Inferior.

—

The inferior constrictor muscle arises

from the obli(|ue line of the thyreoid cartilage (thyreopharyngeus), and from

the side of the cricoid cartilage (cricopharyngeus).
Its fibres radiate backwards, to be inserted into the median raphe on the

posterior wall of the pharynx, the superior fibres overlapping the inferior part of

the middle constrictor, the inferior fibres blending with the muscular fibres of the

oesophagus. Below the inferior border of the muscle the inferior laryngeal artery

and nerve enter into relation with the larynx.

Nerve-Supply.—The constrictors of the pharynx receive their nerve-supply through
pharyngeal i)lexiis from the accessory nerve.

The inferior constrictor is supplied also

by the external laryngeal and recurrent
branches of the vagus nerve.

The deeper longitudinal stratum
of muscles in the pharyngeal wall

is composed of the insertions of the

stylopharyngeus and pharyngopala-
tinus muscles.

M. Stylopharyngeus.

—

The stylo-

pharyngeus arises from the root of

the styloid process on its medial side,

and passes downwards between the

external and internal carotid arteries.

It enters the wall of the pharynx in

the interval between the superior

and middle constrictor muscles.

Spreading out beneath the middle
constrictor muscle, it is inserted into

the superior and posterior borders of

the thyreoid cartilage and into the

wall of the pharynx itself, becoming
continuous posteriorly with the palato-

pharyngeus. In the neck the glosso-

pharyngeal nerve winds round it on
its way to the tongue.

Nerve-Supply. —Glossopharyngeal
nerve. oesophagus (with posterior

ends of traclieal rings
showing at the sides)

Auditory tube

Levator veli
palatini

Ml'SCLE (cut)

Tensor veli
palatini

Superior
constrictor

bcccinator

Pterygo-mandi-
bular raphe

Stvlo-
pharvnoeus

Middle
constrictor

Greater cornu of
hyoid bone

Inferior constrictor

Fig. 412.

—

Posterior View of the Pharynx and
Constrictor Mdsclks.

M. Pharyngopalatinus. — The
pharyngopalatinus (O.T. palato-
pharyngeus) occupies the soft palate

and the pharyngeal wall. In the

substance of the soft palate it consists of two layers, a postero-superior layer, thin,

and continuous across the median plane with the corresponding layer on the

opposite side, and an antero-inferior layer, which is thicker, and is attached to

the posterior border of the hard palate. The levator veli palatini and the musculus

uvulae are enclosed between the two layers, which unite at the posterior edge of

the palate, receiving at the same time additional fibres arising from the auditory

tube (salpingopharyngeus). The muscle descends to the pharynx in the

pharyngo-palatine arch.

Its fibres spread out in the form of a thin sheet in the wall of the pharynx,

in continuity anteriorly with the stylopharyngeus, and are inserted into the

posterior border of the thyreoid cartilage, and behind that into the aponeurosis of

the pharynx, reaching down as far as the inferior border of the inferior constrictor.

The muscle is placed beneath the middle and inferior constrictors, and the fibres

31
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of the muscles of opposite sides decussate in the median plane, in the inferior part

of the pharyngeal wall.

Nerve-Supply.—The muscle is innervated througli tlie pliaiyngeal plexus, by the accessory

nerve.

The IVIusclcs of the Soft Palate.

The soft palate and uvula form a muscular fold, covered on each surface by

mucous membrane, projecting backwards into the pharynx, and forming the posterior

parts of the floor of the nasal

cavities and the roof of the mouth.

The muscular fold is composed
of five pairs of muscles— the

pharyngopalatinus, m. uvulae,

levator veli palatini, tensor veli

palatini, and glossopalatinus.

The pharyngopalatinus
muscle has been already described

(p. 465).

The m. uvulae

(O.T. azygos
uvulae) consists

of two narrow
bundles enclosed,

along with the

insertion of the

levator veli pala-

tini, between the

layers of the
pharyngopala-
tinus. The slips

arise from the
posterior nasal
spine and the
aponeurosis of the

soft palate, and
unite as they pro-

ceed backwards to

end in the uvula.

M. Levator
Veli Palatini.

—

The levator veli

palatini has a

double origin : (1)

from the inferior

surface of the apex

of the petrous por-

tion of the tem-

BUCCINATOR

Mylo-hyoid

Hyoolossus
Digastric

Stylo-hyoid

Omo-hyoid

Sterno-hyoid

Thyreo-hyoid

Crico-thyreoid-—

Tensor veli palatini
MUSCLE
Auditory tube

Levator veli palatini
Pteiygo-inandibular
raphe

Superior constrictor

Stylopharyngeus
-Styloglossus
Glosso-pliaryiigeal

nerve
Stylo -liyoid ligament

Hypo-glossal nerve

Middle constrictor

Digastric

Superior laryngeal
iierve

Inferior constrictor

External laryngeal
nerve

(Esophagus

Recunent nerve

Fig. 413.—Latekal View of the Wall of the Pharynx.

poral bone and (2) from the inferior part of the cartilaginous part of the

auditory tube. It passes obliquely downwards and medially, across the superior

border of the superior constrictor muscle, and enters the soft palate between the

two layers of the pharyngopalatinus muscle.
t^

. nr

It is inserted into the aponeurosis of the soft palate, and some ot its fibres

become continuous with those of the opposite muscle.

It is separated from the tensor veli palatini muscle by the auditory tube

and the deeper layer of the pharyngopalatinus muscle.

M. Tensor Veli Palatini.—The tensor veli palatini arises (1) from the

scaphoid fossa and the angular spine of the sphenoid bone, and (2) from the lateral

side of the cartilaginous part of the auditory tube.
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It descends, between the internal pterygoid muscle and the medial pterygoid
lamina, and ends in a tendon which hooks round the pterygoid lianiulus. The
tendon is inserted, beneath the levator veli palatini, into the ])Osteri(jr border of

the hard palate, and into the aponeurosis of the soft palate.

M. Glossopalatinus.—The glossopalatinus (O.T. palatoglossus), occupying
the inferior surface of the soft palate and the glosso-palatinc arch, has already been
described with the muscles of the tongue (p. 463).

Nerve-Supply,—The nnisclcs of the soft jjalate (except the tenaor veli palatini, which is

innervated throiif,'h the otic ganglion by the trigeminal nerVe) are supplied througli the j)haryu-

geal pli'.\.us l>y tlu; accessory nervi-.

Actions of the Muscles of the Pharynx and Soft Palate. -Tlie muscles of the i)liarynx

and soft palate are chiefly brouglit into action in the act of swallowing. This act is divided into

a voluntary stage, in which the bolus lies anterior to tlie arches of th(! fauces, and an involuntary

stage, during which the food passes from the moutli througli the pharynx. The movements
occurring during the passage of food through the mouth are as follows : the cheeks are compressed
by the action of the buccinator nuiscles ; the t(jngue, hyoid bone, and thyreoid cartilage are

successively raised upwards by the action of the muscles which close the mouth and elevate the
hyoid bone. By those means the food is puslied Ijackwards between the palatine arches.

At the same time, by the contraction of the gloss(j-j)alatinus and pharyngo-palatinus, the

palatine arches of the fauces are nai'rowed, while the muscles of the soft palate, contracting,

tighten the soft palate, and by bringing it in contact with the posterior wall of the pharynx,
shut off the nasal portion of the cavity. The elevation of the tongue, hyoid bone, and larynx
simultaneously causes the elevation of the epiglottis and the superior aperture of the larynx,

which is closed by the approximation of the arytajnoid cartilages and the combined action of

laryngeal nuiscles (ai'ytieuoideus, thyreoarytrenoideus, and thyreoepiglotticus). The food thus
slij)s over the anterior surface of the epiglottis and the closed superior aperture of the larynx,

and between the palatine arches on either side, into the pharynx. It is now clasped by
the constrictor nuiscles, which, by their contractions, force it down into the oesophagus. The
contraction of the constrictor muscles results in a flattening of the pharynx and elevation of its

anterior attachments.

During the act of swallowing, it is generally thought that the auditory tube is opened by
the contraction of the tensor veli palatini muscle, which arises from it. It has been held, on
the other hand, that the auditory tube is closed during swallowing by the compression of its

wall by the contraction of the levator veli palatini.

Deep Lateral and PraBvertebral Muscles of the Neck.

Three series of muscles are comprised in this group : (1) vertebro-costal (scaleni,

anterior, medius, and posterior), (2) vertebro- cranial (longus capitis and rectus

capitis anterior, and lateralis), and (3) vertebral (longus colli). They clothe the

anterior surface of the cervical portion of the vertebral column for the most part,

and are in relation anteriorly with the pharynx and oesophagus, and the large

vessels and nerves of the neck.

M. Scalenus Anterior.—The scalenus anterior (O.T. anticus) arises from the

anterior tubercles of the transverse processes of the third, fourth, fifth, and sixth

cervical vertebrae.

It descends, posterior to the carotid sheath and subclavian vein, to be inserted

into the scalene tubercle and ridge on the first rib (Fig. 414, p. 468).

It is separated posteriorly from the scalenus medius by the roots of the brachial

plexus, the subclavian artery, and the pleura, and it is concealed by the sterno-

mastoid muscle.

M. Scalenus Medius.—The scalenus medius arises from the posterior tubercles

of the transverse processes of the cervical vertebrse, from the second to the sixth

inclusive.

It descends in the posterior triangle, behind the subclavian artery and the

roots of the brachial plexus, to be inserted into the rough impression on the first

rib behind the subclavian groove (Fig. 414, p. 468). The muscle is pierced by the

dorsal scapular and long thoracic nerves.

It is separated from the scalenus anterior by the subclavian artery and the

roots of the bracliial plexus.

M. Scalenus Posterior.—The scalenus posterior arises, behind the scalenus

medius, from the posterior tubercles of the fourth, fifth, and sixth cervical transverse

processes. It is inserted into an impression on the outer side of the second rib.
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Serratus posterior
superior (insertion)

Serratus anterior
(origin)

Pectoralis minor (occasional origin)

Fig. 414.

—

Muscle-Attachments to
First Rib, and the External
(Right Side).

. „.'
A, First rib :

Nerve-Supply.—The mus-
cle receives nerves directly from
the anterior rami of the first

four cervical nerves.

Action. — Flexion of the

head and cervical vertebrae.

M. Rectus Capitis
Anterior.—The rectus
capitis anterior (O.T.

rectus capitis anticus
minor) arises, under cover

of the preceding muscle,

from the lateral mass of

the atlas. It is inserted

into the basilar part of

occipital bone between the

preceding muscle and the

occipital condyle (Fig. 417,

p. 469).

Nerve -Supply.—The mus-
cle is innervated by the loop

between the first two cervical

nerves (anterior rami).

Action. — Flexion of the
head on the vertebral column.

M. Longus Colli.

—

The
longus colli is a flattened

muscular band extending
from the third thoracic

vertebra to the atlas. It

Nerve -Supply.— The scalene

muscles are supplied by branches
which arise directly from the
anterior rami of the lowest four
or five cervical nerves.

Actions.—The actions of those
muscles are twofold. They are

lateral flexors of the vertebral
column, and are also important

scalenus medius (insertion)
^^^^^^^^ ^f respiration, as elevators

of the first and second ribs.

M. Long-US Capitis.

—

The longus capitis (O.T.

rectus capitis anticus
major) arises from the an-

terior tubercles of the trans-

verse processes of the third,

fourth, fifth, and sixth cervi-

cal vertebrae.

It forms a flat triangular

muscle, which is directed up-

wards, alongside the longus

colli muscle and behind the

carotid sheath, to be inserted

into an impression on the

inferior surface of the basilar

the Superior Surface of the part of the occipital bone,
Surface of the Second Rib anterior and lateral to the

B, Second rib. pharyngeal tubercle (Fig.

417, p. 469).

Rectus capitis
lateralis

Rectus capitis
anterior

Longus capitis

Longus colli

Fig. 415.

—

The PuiF^VERTEBRAL Muscles of the Neck.
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is divisible into three portions—a vertical, an inferior oblique, and a su[>erior

oblique portion.

Atlachi'il to

IHistcrior

tubercles (ifv

transverse
Iiroi'essus

SlAI.ENHS MKllIUij

Lkvatou scatula;
Sri.KNIUfJ CEKVICIS

fJcALE.NUS POSTKKIOB

Iliocostalis CKRVICIS

LONOISSIML'S CEUVIflS

f LONOISSIM
AUacheil to Semisi'INai

artic-tilar-:

processes Semispi

LONOISSIMIS <'AI'ITI8

IS CAPITIS

NALIS CERVICIS

MULTIKIUUS

LoNfiUS CAPITIS

' 4 LONCUS CXJLLI ^

Attaclitxl

to anterior
tubercles of
transverse
jirocesscs

Fu;. 416.

—

Scheme of Muscular Attachments to Cekvical Vkhtebum.

The vertical portion of the muscle arises from the bodies of the first three
thoracic and the last three cervical vertebrie.

Passing vertically upwards, it is inserted into the bodies of tiie second, third,

and fourth cervical vertebrne.

Scmispinalis capitis (insertion)

Rectus capitis posterior minor
(insertion)

\
Rectus capitis posterior iiuijor

(insertion)

Trapezius (origin)

Sterno-cleido-iiiastoid
(insertion)

Splenius capitis

(insertion)

Obliiinus capitis superior
(insertion)

Rectus capitis lateralis (insertion)

Rectus capitis anterior (insertion)
)erior constrictor of pharj-nx (insertion)

Longus capitis (insertion)

Fig. 417.

—

Muscle-Attachments to the Occipital Bone.

The inferior oblique portion arises from tlie bodies of the first three thoracic
vertebra\

It is inserted into the anterior tubercles of the fifth and sixth cervical vertebrae.

31a
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The superior oblique portion arises from the anterior tubercles of the transverse
processes of the third, fourth, and tifth cervical vertebrae.

It is directed upwards, to be inserted into the anterior tubercle of the atlas.

Nerve-Supply.—It is supplied by nerves from the anterior rami of the second, third, and
fourth cervical nerves.

Action.—A Hexor of the vertebral column.

M. Rectus Capitis Lateralis.

—

The rectus capitis lateralis, in series with
the posterior inter-transverse muscles in the neck, arises from the transverse

process of the atlas.

It is inserted into the inferior surface of the jugular process of the occipital

bone. It is placed alongside the rectus capitis anterior, separated from it by the
anterior ramus of the first cervical nerve.

Nerve-Supply.—The loop between the anterior rami of the first two cervical nerves.

Actions.—A lateral flexor of the head and vertebral column. The movements produced by
these muscles are considered along with those of other muscles acting on the head, vertebral
column, and thorax (pp. 445, 446).

THE MUSCLES OF THE THORAX.

Muscles of Respiration.

The muscles which complete the boundaries of the thorax are the diaphragm
and intercostal muscles (external and internal), along with three series of smaller
muscles—the transversus thoracis, the levatores costarum, and the subcostal

muscles.

Mm. Intercostales.

—

The intercostal muscles are arranged in eleven pairs,

which occupy the intercostal spaces.

Each external muscle arises from the sharp lower border of a rib, and
is directed inferiorlj and anteriorly, to be inserted into the external edge of the

superior border of the rib below. It extends from the tubercle of the rib posteriorly

nearly to the costal cartilage anteriorly. The anterior intercostal aponeurosis is

continuous with it anteriorly, and extends forwards to the side of the sternum.
Each internal muscle arises from the costal cartilage and the internal or

superior edge of the costal groove, and is directed inferiorly and posteriorly, to be
inserted into the internal edge of the superior border of the rib and costal cartilage

below. It extends from the side of the sternum anteriorly to the angle of the rib

posteriorly, where it is replaced by the posterior intercostal aponeurosis extending
to the tubercle of the rib.

The superficial surface of the external muscle is covered by the muscles of

the chest, axilla, abdomen, and back. The deep surface of the internal muscle is in

contact with the pleura.

Mm. Levatores Costarum.

—

The levatores costarum are in series with the

external intercostal muscles. They are twelve small slips arising from the trans-

verse processes of the seventh cervical and upper eleven thoracic vertebrae. Each
spreads out in a fan-like manner as it descends to the lateral surface of the rib

immediately below where it is inserted jjosterior to the angle.

Mm. Subcostales.

—

The subcostal muscles are slips of muscles found on the

internal surface of the lower ribs near their angles. They are in series with the

internal intercostal muscles, but yjass over the deep surface of several ribs.

M. Transversus Thoracis.

—

The transversus thoracis (O.T. triangularis

sterni) occupies the posterior aspect of the anterior thoracic wall, and is separated

from the costal cartilages by the internal mammary vessels. It arises from the

posterior surface of the xiphoid process and body of the sternum as high as the

level of the third costal cartilage.

From that origin its fibres radiate laterally, the lower horizontally, the upper
fibres obliquely upwards, to be inserted into the second, third, fourth, fifth, and
sixth costal cartilages. Tlie muscle is continuous below with the transversus

abdominis.
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Diaphragma.

—

The diaphragm is the great membranous and muscular parti-

tion separating the cavities of the thorax and abdomen. It forms a thin lamella

arching over the abdominal cavity, and clothed on that surface, for the most part,

by peritoneum. It is related, on its inferior concave surface, to the liver, stomach,

and spleen, the kidneys and suprarenal glands, and the duodenum and pancreas.

Its superior convex surface projects into the thoracic cavity, rising higher on the

right than on the left side, and is related to the pericardium and pleurte, and along

its margin to the chest wall. The oesophagus and thoracic aorta are iu contact

with it posteriorly.

It possesses a peripheral origin from the sternum, ribs, and verteVjral column.

EXTKRNAL INTERCOSTAL
MUSCI F

Obliquds EXTERKT
ABDOMINIS (reflected)

Anterior intercostal

membrane removed,
exposing the internal

intercostal muscle

Internal inter-
fOsTAL MUSCLE

TCS ABDOMINIS
-i-rtion)

Sheath of the rectus
abdominis

Fig. 418.

—

The Muscleo ok the Right Side of the Thoracic Wall.

and an insertion iuto a central tendon. It arises (1) anteriorly (pars stemalis) from

the posterior surface of the xiphoid process by two slender fleshy slips, directed

backwards
; (2) laterally (pars costalis), from the deep surface of the lower six costal

cartilages on each side by fleshy bands which interdigitate w^ith those of the trans-

versus abdominis; (3) posteriorly (pars lumbalis), from the lumbar vertebrae, by

the crura, and the medial and lateral lumbo-costal arches. The crura are two

elongated fibro-muscular bundles which arise, on each side of the aorta, from the

anterior surface of the bodies of the lumbar vertebrae, on the right side from

the first three, on the left side from the first two lumbar vertebrae. They are

directed upwards and decussate across the median plane in front of the aorta, the

fibres of the right crus passing anterior to those of the left crus. The fibres then

encircle the cesophagus, forming an elliptical opening for its passage, and finally

join the central tendon, after a second decussation anterior to the gullet.

316
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The medial part of each eras is wholly tendinous and is sometimes called the crus mediate ;

it is connected with its fellow of the opposite side by a tendinous band called the middle arcuate
ligament, which arches between them, in front of the aorta, and gives origin to fibres which
join the crura as they decussate to encircle the gullet. The most outlying part of the crus is

sometimes called the crus laterale ; its infero-lateral margin is continuous with the medial
lumbo-costal arch. The intermediate part of the crus is the crus intermedium ; the splanchnic
nerves pierce the diaj^hragm between it and the medial crus. The sympathetic trunk sometimes
jjierces the diaphragm between the intermediate and lateral crura.

The arcus lumbocostalis medialis (O.T. internal arcuate ligament) is a thickening

formed by the attachment of the psoas fascia to the body of the first lumbar
vertebra medially and its transverse process laterally. Stretching across the
superior end of the psoas muscle, the ligament gives origin to muscular fibres

which join the fibres of the crus.

The arcus lumbocostalis lateralis (O.T. external arcuate ligament) is the

thickened superior border of the fascia over the quadratus lumborum muscle

CEsophagus and its

opening

Foramen quadratuni
(for inferior vena ca\a) y,'''

Middle arcuate
ligament (in front of

aortic opening)

al lumbo-co.stal

ateral lumbo-costal

QADRATUS LUMBORUM
MUSCLE

^!!v

Right crus of diaphragm

Fig. 419.

—

The Diaphragm (from below).

and is attached medially to the transverse process of the first lumbar vertebra,

and laterally to the last rib. It gives origin to a broad band of muscular
fibres, separated by an interval from the fibres arising from the medial lumbo-
costal arch which sweep upwards to the central tendon.

From this extensive origin the muscular fibres of the diaphragm converge to

an insertion into a large trilobed central tendon called the centrum tendineum. Of
its lobe.s the right one is the largest, the middle or anterior is intermediate in

size, and the left is the smallest. It does not occupy the centre of the muscle,

being placed nearer the front than the back. The fibres of the crara are con-

sequently the longest ; those from the xiphoid process are the shortest.

The diaphragm is pierced by numerous structures. The superior epigastric

artery enters the sheath of the rectus abdominis })etween its sternal and costal

origins ; the musculo-phrenic artery passes between its attachments to the seventh
and eighth ribs. The sympathetic trunk and the splanchnic nerves pierce, or pass
posterior to the diaphragm

; the last thoracic nerve passes behind the lateral

lumbo-costal arch ; and the aorta, the azygos vein, and thoracic duct pass between
the crura, underneath the middle arcuate ligament {hiahcs aorticus or aortic opening).

The special foramina are two in number. The foramen vence cavce (O.T. foramen
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quadratum) in the right lobe 'of the central tendon transmits the inferior vena

cava, and small branches of the right phrenic nerve. The hiatus oesophageus

{oesophageal opening) is in the muscular substance of the diapliragm, posterior to

the central tendon, and is surrounded by a sphincter- like arrangement of the

crural filtres. Besides the cesophagus, this opening transmits the two vagi nerves.

Mi. Ml" :u.-iiMt,. li 'airi.'til

Vena caval niieiiiiig lEsophageaL opening in diaphragm

Aortic opening

Anterior ramus
of twelfth

thoracic nerve

Quadratns
Uimboruni

lio-hypogastric

nervfi

Ilio-inguiiial

nerve

Lateral
iilaneous nerve

of tliigh

b\'inoral nerve

Ceinto-femoral A
nerve -/y—

Ubliirator nerve J

—

\

' VAnterior ramus . /
I if fourth lumbar ^

nerve
Viiterior ramus

t (ifth lumbar
nerve

( Medial and
-, lateral lumbo-
l costal arches

Ant. ramus of twelfth
thoracic nerve

Quadratus
lumborum
lllo-hypogastric
nerve
Ilio-inguinal nene

Psoas major

Genito-femoral
nerve

Lateral —^
cutaneous ner\-e j
of thigh

I^umbo-sacral
trunk

Femoral nerve

Obturator nerve

^ J

FiQ. 420.

—

The Diai-hka(;.m and Posteriok Abdominal Wall.

The diaphragm is found as a complete septum between the thorax and abdomen only in

mammals. It is occasionally deficient in the human subject, producing hernia of the diaphragm,

either into the pericardial cavity through the central tendon, or into the pleural cavity through
tlie lateral portions of the muscle. A rare condition is congenital deficiency of a part of the

lateral half of the muscle, generally placed posteriorly, and on the left side. This produces, by
continuity of the pleural and peritoneal cavities behina the diaphragm, a co«(/eni7ai diaphragmatic

hernia.
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Nerve-Supply.—The intercostal muscles, levatores costariun, subcostal muscles, and trans-

versus thoracis, are all supplied by the anterior rami of the thoracic nerves. The diaphragm

receives its chief, if not its entire, motor supply from the phrenic nerves (C. 3. 4. 5.). It is

innervated also by the diaphragmatic plexus of the sympathetic, and is sometimes said to

receive fibres from the lower thoracic nerves.

Actions,—The act of respiration consists of two opposite movements—inspiration and ex-

piration.
/ X 1 T.

1. The movement of expiration is performed by (1) the elasticity of the lungs, (2) the weight

of the chest walls, (3) the elevation of the diaphragm, (4) the action of muscles— transversus

thoracis and muscles of the abdominal walL It is sometimes stated that the interosseous fibres of

the internal intercostal muscles are depressors of the ribs.

2. The movement of inspiration resiUts in the enlargement of the thoracic cavity m aU

its diametei-s. Its antero-posterior and transverse diameters are increased by the elevation and

forward movement of the sternum, and by the elevation and eversion of the ribs, while its

vertical diameter is increased by the descent of the diaphragm.

The muscles of inspiration are divided into two series—ordinary and accessory.

a. Ordinary Muscles.
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Fascia Transversalis.

—

The fascial lining of the abdomiual cavity (fascia

transversalis) consists of a coutiiiuous layer of lueiubraiK^ wiiich rt;ceives dilfereiit

names in dillereut })art.s of its extent. It covers the deep surface of the trausversus

muscle, and is continuous medially with the fasciie of the quadratus lumborum
and the psoas muscles. It is continuous above with the diaphragmatic fascia,

and below the iliac crest and the inguinal ligament with the fascia iliaca. Along

with the last-named fascia it forms the femoral sheath, enclosing the femoral vessels

and the femoral canal in their passage to tlie thigh behind the medial part

of the inguinal ligament (p. 405). It is pierced by the spermatic funiculus or

Linea al

Lif". suspensoriii

Sj)enu;ilic fiiniuulu

External spermatic _
fascia

Dorsal vein of penis

-

(JnMQtJUS EXTKIINUS
AUDOMINIS

Anterior snperior
iliac spine

Aponeurosis of
obliipius cxternus

Supcrlieial eircmii-
fli'x iliac artery

-liilercrural libres

C
Attaeliincnt of niem-

-
'I

branous layer of

_ ( superficial fascia

"Poupart's inguinal
ligament

..Siiperlicial epigastric

artery

External piiiiential

arteiy

Siiperlicial sub-inguinal
'lymph gland

(ireat saphenous vein

Fig. 421.

—

Supehkicial Anatomy of the Guoin.

round ligament of the uterus at the abdominal inguinal ring, and its prolongation

into the inguinal canal around the funiculus forms the internal spermatic or in-

fundibuliform fascia. It is lined internally by the peritoneum, I'roui which it is

separated by a layer of extraperitoneal tissue.

The subserous coat or extraperitoneal tissue is usually loaded witli fat ; it envelops

the kidneys, ureters, suprarenal glands, abdominal aorta and inferior vena cava

and their branches, and forms sheaths for the vessels and ducts (ureter, ductus

deferens, etc.). It is continued upwards into the posterior mediastinum of the

thorax through the aortic opening in the diaphragm, and below is in continuity

with the extraperitoneal tissue in the pelvis. It not only completely invests

the kidneys and suprarenal glands, but it also becomes interpolated between the

layers of peritoneum upholding and enveloping the intestines. This tissue is

absent in relation to the diaphragm, on the under surface of which there is no fat.
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THE MUSCLES OF THE ABDOMINAL WALL.
The muscles of the abdominal wall are in three series—lateral, anterior, and posterior.

The lateral muscles of the abdominal wall comprise the obliquus externiis
abdominis, obliquus internus abdominis, and transversus abdominis.

M. Obliquus Externus Abdominis.—The obliquus externus abdominis is a
broad thin sheet of muscle, with an origin from the lateral surfaces of the lower
eight ribs, by slips which interdigitate with the serratus anterior and latissimus

Obliquus externus
abdominis'
(reflected)

Obmquus externus
abdominis

Obliquus internus
abdominis

Anterior superior

iliac spine

Transversus
abdominis

Obliquus internus
ABDOMINIS (reflected)

Aponeurosis of obliquus
externus (reflected) .

Abdominal ini;uinal rinj;

Spermatic funiculus and
infundibuliform fascia

Fascia transversalis

Palx aponeurotica in-

guinalis

Fossa ovalis (O.T. saphen-
ous opening)

Great saphenous vein

Fia. 422.

—

The Dissection of the Inguinal Canajl.

dorsi muscles. The muscular fibres radiate downwards and forwards, the lowest

fibres passing vertically downwards.
The muscle fibres of the lower and posterior part of the muscle are inserted,

directly, into the external lip of the iliac crest in its anterior half or two-thirds

(Fig. 369, p. 415). The rest of the muscle fibres are inserted into an extensive

triangular aponeurosis which loriiis part of the anterior abdominal wall. This

aponeurosis is broader 'below than above ; it is united with part of the aponeurosis

of the obliquus internus in the superior three-fourths of its extent, to form the

anterior layer of the sheath of the rectus muscle. It thus gains an attachment,

above to the xiphoid process, below to the symphysis pubis, and by its intermediate

fibres to the linea alba.

The linea alba is a band of interlacing fibres, about half an inch in width at its

widest part. It occupies the median plane of the anterior abdominal wall in its

whole extent, is |>ierced by the umbilicus (annulus umbilicalis), and forms the

greater part of the ultimate insertion of all the lateral abdominal muscles.
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Obliqdcs externus

ObLIQUUS INTERNVS
Tkansversus

abdominis

Fascia transversalis

Peritoneum

Colon

The superior part of the aponeurosis covers the insertion of the rectus abdominis
muscle on the chest wall, and gives origin to lihres of the pectoralis major. In-

feriorly, in the groin, the lower part of the aponeurosis gives rise to the inguinal
ligament, the ligamentum lacuuare, the two crura of the subcutaneous inguinal
ring, the external spermatic fascia and the intercrural fibres, and the ligamentum
inijuiuale reHexum of Colles.

Lig. Inguinale [Pouparti].—The inguinal ligamentum (O.T. Poupart's ligament)

is an aponeurulic l)aud which extends from the anterior superior iliac spine to the
tubercle of the pubis, arching over the iliacus, psoas, and pectineus muscles. It repre-

sents the inferior margin of the aponeurosis of the obliquus externus abdominis, and
it gives attachment below to the iliac portion of the fascia lata of the thigh. Its

lateral part affords partial origin, to the obliquus internus and transversus nmscles,

and receives the -attachment of the fascia transversalis and fascia iliaca ; the medial
part forms the gutter-like floor of the inguinal canal. At its medial end a triangular
band of fibres is

reHected horizon-
rectos abdom.ms

tally backwards to

the ilio- pectineal

line, forming the

lig. lacunars [Gim-

bernati] (O.T. Gim-

bemat's ligament),

the lateral edge

of which forms

the medial bound-
ary of the femoral

ring. The femoral

vessels, enclosed in

the femoral sheath,

enter the

posterior to the

incTuinal lifjament,

on the anterior Postenoraponeurosis

surface of the psoas

major muscle, and
the term super-

ficial femoral arch

is given to the

part of the liga-

ment which covers

the vessels.

Annulus In-

guinalis Subcu-
taneus.—Tlie subcutaneus inguinal ring (O.T. external abdominal ring), the place of

exit of an inguinal hernia, is a split in the aponeurosis of the obliquus externus,

just above the tubercle of the pubis. It transmits the spermatic funiculus, or

(in the female) the round ligament of the uterus, covered by the cremaster

muscle or cremasteric fascia. The opening is of considerable extent, and its

edges are drawn together by a thin fascia, strengthened superficially by a number
of arched and horizontal fibres, called the intercrural fibres, which arise from the

inguinal ligament and sweep medially across the cleft in the aponeurosis.

The margins of the ring constitute its crura. The inferior cms is narrow, and
is formed from that part of the aponeurosis which joins the pubic tubercle, and is

continuous with the medial end of the inguinal ligament. The superior crus is the

part of the aponeurosis medial to the ring which is attached to the crest and
symphysis of the pubis. It is flat and broad.

The intercrural fibres and the crura of the subcutaneous inguinal ring are

continuous with a thin tubular sheath, the intercolumnar or external spermatic fascia,

which is attached to the margins of the " ring," and forms an envelope for the

fhicVl Extraperitoneal
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—

Transverse Section through the Abdomen, opposite the
Second Lumbar Vertebra.
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spermatic funiculus or round ligament after they have passed beyond the abdominal

wall.

Lig. Inguinale Reflexum Collesi.

—

The reflexed inguinal ligament of CoUes

(O.T. triangidar fascia), is a triangular band of fibres placed behind the medial

superior cms of the subcutaneous inguinal ring. It consists of fibres from the

Anterior superior
iliac spine

The inguinal ligament

Subcutaneous inguinal
, Ting

a- Suspensory ligament
of penis

Spermatic funiculus

Fig. 421.—The Left Obliquus Externus Abdominis

opposite external oblique aponeurosis, which, having traversed the linea alba, to gain

an insertion into the crest and tubercle of the pubis.

The obliquus externus muscle is superficial in almost its whole extent. It is

overlapped posteriorly by the latissimus dorsi muscle, but may be separated from

it just above the iliac crest by an angular interval (trigonum lumbale or triangle of

Petit).

M. Obliquus Internus Abdominis.

—

The obliquus internus abdominis is a

broad thin sheet of muscle which lies between the obliquus externus and the
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transversus. It arises from, (1) the lumbo-dorsal fascia, (2) the anterior two-
thirds of tlie ihac crest, and (3) the lateral half of the inguinal ligament.

It runs for the most i)art, upwards and forwards, and its liighest fibres are

inserted directly into the last three ribs. Tlie rest of the fibres end in an extensive

aponeurosis, broader above than below, which splits along the linea semilunaris,

to form, along with the aponeuroses of the obliquus externus and transversus muscles,

OBLIQUUS INTERNUS
ABDOMINIS

Aponeurosis ok
obmquus exteknus

(reflected)

Aponeurosis of
obliquus internus

r

Aponeurosis i '} 11

(reflected) iijuC v?

CREMASrER MUSCLE

Suspensory ligament____
of penis"

Spermatic funiculus'- • ------- -

Fig. 425.

—

The Right Obliquus Internus Abdominis.

the sheath of the rectus abdominis, and is inserted into the seventh, eighth, and ninth

costal cartilages, and into the linea alba from the xiphoid process to the symphysis

pubis. The fibres arising from the inguinal ligament join with those of the

transversus muscle having a similar origin to form the falx aponeiurotica inguinalis

(O.T. conjoined tendon), which passes altogether anterior to the rectus muscle, to

be attached to the pubic crest and tubercle, and to the ilio-pectineal line.

The obliquus internus is limited above by the inferior margin of the thorax
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Its lower fibres, arching over the spermatic funiculus, assist in forming, laterally,

the anterior wall of the inguinal canal ; medially, by means of the falx inguinalis,

it helps to form the posterior wall of the canal.

Its lowest fibres are continued into the cremaster muscle, which is prolonged

along the spermatic cord through the inguinal canal.

M. Cremaster.—The cremaster muscle forms an investment for the testis and sper-

matic funicukis deep to the external spermatic fascia. In the female it is more largely

represented by fascia than muscular fibres, and constitutes the cremasteric fascia. It

may be said to have an origin from the inferior edge of the obliquus internus and the

Aponeurosis of

obliquus externus"
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Spermatic funiculus
(cut)
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—

The Left Inguinal Canal. Structures seen on reflection op the Obliquus Externus.

adjacent part of the inguinal ligament. Its fibres form loops over the spermatic funiculus

and testis, the highest fibres getting an insertion into the pubic tubercle.

M. Transversus Abdominis.—The transversus abdominis muscle arises (1)

from the deep surface of the costal cartilages of the lower six ribs, interdigitating

with the origins of the diaphragm
; (2) from the lumbo-dorsal fascia

; (3) from the

anterior half of the medial lip of the iliac crest ; and (4) from the lateral third

of the inguinal ligament.

The muscular fibres run, for the most part, horizontally forwards, and end

in an aponeurosis which has a twofold insertion. (I) After forming (along

with the aponeurosis of the obliquus internus) the posterior layer of the sheath of

the rectus, the aponeurosis is attached to the xiphoid process and linea alba.

(2) The inferior fibres of the muscle arising from the inguinal ligament are joined

by the inferior part of the obliquus internus to form the larger part of the falx
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aponeiirotica inguinalis (O.T. conjoined tendon), which passes anterior to the inferior

part of the rectus muscle, to l)e inserted into the crest and tultercle of the puhis
and the iho-pectineal Hue.

The transversus muscle is separated by the lower intercostal nerves from the

obliquus internus muscle, and is lined on its deep surface by the fascia transversalis.

Its inferior border forms a concave edge, separated from the inguinal ligament by
a lunular interval in which the fascia transversalis appears, and through which the

spermatic funiculus emerges at the abdominal inguinal ring, under cover of the

obliquus internus muscle and the aponeurosis of the obliquus externus.
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ous opening)

Great saphenous vein

Fig. 427.

—

The J)i.s>ei tion hf the Inouinai. Canal.

The anterior muscles of the abdominal wall include the pyramidalis and rectus

abdominis, enveloped by the sheath of the rectus, on either side of the linea alba.

M. Pyramidalis Abdominis.— The pyramidalis abdominis is a small

triangular muscle arising from the pubic crest, anterior to the rectus muscle

(Fig. 428, p. 482).

It is directed obliquely upwards, to be inserted, for a variable distance, into the

linea alba. The muscle is often absi'nt.

M. Rectus Abdominis.

—

The rectus abdominis muscle is broad and strap-

like, and arises, by a medial and a lateral head, from tlie symphysis and crest of

the pubis (Fig. 428, p. 482).

The muscle expands as it passes upwards, and is inserted, from medial to lateral

side, into the anterior surface of the xiphoid process (Fig. 428, p. 482), and into the

superficial surface of the seventh, sixth, and fifth costal cartilages. On its anterior

32
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surface, but not extending through the entire substance of the muscle, are three or
more transverse tendinous intersections (inscriptiones tendineae).. adherent to the
sheath of the muscle

; the lowest opposite the umbilicus, and the highest about
the level of the xiphoid process. The medial border of the muscle lies alongside
the linea alba ; its lateral border is convex, and corresponds to the linea semilunaris.
The muscle is pierced by the terminal branches of the lower thoracic nerves.
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—

Deep Dissection of the Abdominal Wall. The Rectus Muscle and its Sheath.

Vagina M. Recti Abdominis.—The sheath of the rectus muscle is derived
from the aponeuroses of the lateral muscles of the abdominal wall, which, after
enclosing the muscle, give rise, in the median plane, to the linea alba. At the linea
semilunaris along the lateral border of the rectus muscle, the aponeurosis of the
obliquus internus splits into anterior and posterior layers. The anterior layer,
joined by the aponeurosis of the obliquus externus, passes in front of the rectus,
and constitutes the anterior lamina of the sheath. The posterior layer, joined by
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the aponeurosis of the transversus muscle, passes behind the rectus, and constitutes
the posterior lamina of its sheath. This arrangement obtains in the superior three-
fourths of the abdominal wall. lielow the level of the iliac crest the sheath of the
muscle is deticieut posteriorly, and a crescentic border, the linea semicircularis
(semilunar fold of Douglas), marks the inferior limit of the posterior lamina. In
conscHjueuce, the rectus in the lower fourth of the abdominal wall rests directly
upon the fascia transversalis. Close examination, however, usually reveals a thin
layer behind the muscle in continuity with the fold of Douglas, and merging below
with the fascia transversalis. In this region the rectus is covered anteriorly by the
fal.K aponeurotica inguinalis of the obliquus internus and transversus, and by the
aponeurosis of the obliquus externus,

which gradually separates from the

subjacent aponeurosis. The superior

part of the rectus, lying on the chest

wall, is only covered anteriorly by a

single layer of aponeurosis derived

from the obliquus externus, which in

this situation is giving origin to the

pectoralis major muscle.

Canalis Inguinalis.—Inguinal
canal.—The spermatic funiculus in

the male, and the round ligament in

the female, in their passage through
the inferior part of the abdominal wall,

pass through the inguinal canal, which
is bounded by these abdominal mus-
cles. The canal begins at the a&f?omtnaZ d

inguinal ring, placed half an inch above
the inguinal ligament, and midway
between the anterior superior iliac

spine and the symphysis pubis. It

ends at the subcutaneous inguinal ring,

placed above the tubercle and crest of

the pubis. The anterior wall of the

canal is formed by the aponeurosis of

the obliquus externus, and in its lateral

part by the muscular fibres of the

obliquus internus ; the posterior toall ,^ . ^ ,

of the oanal is formed bv the fasoia ^ ' ^^ thoracic wall; (II.) In the superior three-
01 tne canal is lormea Oy tne laSCia quarters of the abdominal wall

;
(in.) in the inferior

transversalis, and m its medial part by fourth of the abdominal wall.

the falx aponeurotica inguinalis ; while -^' Pectus muscle
;

S, Obliquus externus ; c, DiA

the /oor of the canal is formed by the HTZLu^.^^'^'r^T^ '"'T''''' v'^' 'F^'^TT*'.
.

•' SLS ABDOMINIS. «, Anterior layer of rectus sheath :

inguinal ligament, and in its medial b, Fifth costal cartilage : c. Sixth costal cartilage ;

part by the lacunar ligament. The '^' ^iP^O'tl process; c. Posterior layer of rectus

o,^^^,>->r.fi^ A, »,;«„!,, o •^4«„^;^™ <-U^ 4- „ sheath; /, Fascia transversalis
; g, Peritoneum; h,spermatic funiculus, piercing the trans- Linea alba, l, inferior epigastric artery

versabs fascia, enters the inguinal canal
at the abdominal inguinal ring, and is there invested by its first envelope, the
infundibuliform or internal spermatic fascia, a sheath of fascia derived from the
margins of the ring and continuous with the fascia transversalis. It then passes
obliquely medially, downw^ards, and forwards, and escapes below the inferior border
of the obliquus internus muscle, from which it carries off a second investment,
partly fascial, partly muscular,—the cremaster muscle or cremasteric fascia. Con-
tinuing its course, in front of the falx inguinalis, it emerges through the sub-
cutaneous inguinal ring, from the edges of which the intercolumnar fascia is

derived, the th ird or external investment for the funiculus.

Hesselbach's triangle, bounded below by the line of the inguinal ligament,
medially by the rectus abdominis muscle, and laterally by the inferior epipfastric

artery, coursing upwards and medially beneath the fascia transversalis on the medial
side of the abdominal inguinal ring, is the site of one form of inguinal hernia.

32 «

Fio. 429. -The Sheath of the Rectus Abdomtnis
Muscle.
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The spermatic funiculus passes over the base of the triangle, covered over by the

aponeurosis of the obliquus externus. Behind the funiculus, and forming the floor

of the triangle, is the fascia transversalis partially covered, in the medial portion of

the triangle, by the falx inguinalis of the obliquus internus and transversus muscles.
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Fig. 430.

—

The I)iai'HRA(;m and Postkiuor Ardominal Wall.

Inguinal Hernia.—For an account of the anatomical relations of the inguinal canal

to the various forms of inguinal hernia, see the section on " Applied Anatomy."

Nerve-Supply.—The nerve-supply of the majority of the foregoing muscles is derived from
the anterior rami of the lower six thoracic nerves. Tlie pyramidalis muscle is innervated by
the last thoracic nerve. The cremaster muscle receives its supply from the genito-femoral

nerve (L. 1. 2.).

Actions.— (1) The chief action of these muscles is to retract the abdominal walls. By
compres.sing the contents of the abdomen, they are powerful agents in vomiting, defsecation,



FASCIA OF THE PEKINEUM. 485

micturition, parturition, and laboured expiration. (2) They are also flexors of the vertebral
column and pelvis—the muscles of both sides acting together ; the vertebral column and pelvis
are laterally Hexed, when one set of muscles acts alone.

The posterior muscles of the abdominal wall and pelvis major include the
psoas (major and minor) and iliacus, described already (p. 410), and the quadratus
lumborum.

M. Quadratus Lumborum.—The quadratus lumborum lies in the posterior

wall of the abdomeu, lateral to the psoas, and extends Ijetween the iliac crest and
the last rib. It arises from the posterior part of the iliac crest, from the ilio-

lumbar ligament, and from the transverse processes of the lower lumbar vertebrae.

It is inserted, above, into the medial part of the inferior border of the last rib

and tlie transverse processes of the lumbar vertebrse. Its lateral border is directed

obliquely upwards and medially.

It is enclosed between the anterior and middle layers of the lumbo-dorsal
aponeurosis (p. 437), between the psoas major muscle, in front, and the sacro-

spinalis behind.

Nerve-Supply.—The quadratus lumborum is supplied directly by branches from the anterior
rami of tlu; tirst three or four lumbar nerves.

Actions.—Tlie muscle is a lateral flexor of the vertebral column, an extensor of the column
and a mu.scle of inspiration.

FASCliC AND IVIUSCLES OF THE PERINEUM
AND PELVIS.

FASCIA OF THE PERINEUM.

The superficial fascia of the perineum possesses certain special features. It

is continuous with the superficial fascia of the abdominal wall, thigh, and buttock,

and is prolonged on to the penis and scrotum. In the penis, it is devoid of fat

and consists only of areolar tissue. In the scrotum, it is intermingled with in-

voluntary muscular fibres, and constitutes the dartos muscle, which assists in

suspending the testes and corrugating the skin of the scrotum. This fascia

also forms the septum of the scrotum, which, extending upwards, incompletely
separates the two testes and their coverings. In the female the superficial

fascia, in which there is a considerable quantity of fat, takes a large share in

the formation of the mons Veneris and labia majora pudendi.

The fascia over the 'posterior part of the perineuin tills up the ischio-rectal fossae,

in the form of two pads of adipose tissue, on either side of the rectum and anal

canal. Over the tuberosities of the ischium the fat is intermingled with bands of

fibrous tissue closely adherent to the subjacent deep fascia.

The fascia in the anterior part of the perineum closely resembles the same
fascia in the groin. It is divisible into a superficial fatty and a deeper membranous
layer ; the former continuous with the same layer in the thigh, and with the fat

of the ischio-rectal fossa posteriorly. The deeper membranous layer is attached

laterally to the pubic arch, posteriorly to the base of the fascia . inferior of the

urogenital diaphragm and in the median plane to the root of the penis (bulb

and corpus cavernosum urethra) by a median raphe continuous, farther forwards, with
the septum of the scrotum mentioned above. Anteriorly the fascia is continued
over the spermatic funiculi to the anterior abdominal wall. The importance of

this fascia lies in relation to the extravasation of urine from a rupture of the

urethra in the perineum. By the fascial attachments the fluid is prevented from
passing posteriorly into the ischio-rectal fossa, or laterally into the thigh. It is

directed forwards into relation with the scrotum and penis, and along the

spermatic funiculus to the anterior abdominal wall. The septum of the scrotum
being incomplete, fluid extravasated on one side can pass across the median plane

to the opposite half of the perineum and scrotum.

The deep fascia of the perineum exists only in the form of the delicate

fasciae of the muscles.
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THE MUSCLES OF THE PERINEUM.

The perineal muscles are naturally separated into a superficial and a deep set

by the fascia inferior of the urogenital diaphragm. Superficial to it are the

sphincter ani externus; transversus perinei superficialis, bulbocavernosus, and

ischiocavernosus ; deep to it are the sphincter muscle of the membranous urethra

and the transversus perinei profundus.

M. Sphincter Ani Externus.—This muscle is fusiform in outline, flattened,

and obliquely placed around the anus and anal canal. It can be separated into

three layers,—subcutaneous, superficial, and deep. (1) The most superficial lamina

Posterior scrotal /
nerves I

-

Perineal branch of

posterior cutaneous
nerve of tliigh

Superficial branch of
perineal nerve
Deep branch of
perineal nerve
Nervus perinei

Inferior lisemorrhoidal
branches

Dorsal nerve of penis
(displaced)
Nerve to corpus
cavernosum penis

[vX Nerve to corpus
WL cavernosum urethrie

^' %- Superflciallj;^^-,,
-¥- ^''^P

j nerve
'~\' Perineal nerve

Pudendal nerve

Inferior hsemorrhoidal
branches

Pudendal nerve

Fig. 431.

—

The Muscles and Is'kkves of the Male Pekineum.

consists of subcutaneous fibres decussating posterior and anterior to the anus, but

without bony attachments. (2) The sphincter ani superficialis constitutes the main
portion of the muscle. It is attached posteriorly to the coccyx, and, anterior to

the anus, it reaches the central point of the perineum. (3) The deep fibres of the

muscle form, for the most part, a complete sphincter for the anal canal. They are

continuous with the fibres of the levator ani ; they encircle the anal canal, and
blend anteriorly with the central point of the perineum and the transversus

perinei supf;rficialia miiRcle.

M. Corrugator Cutis Ani.

—

The corrugator cutis ani consists of bundles of

unstriped muscular fibres which radiate from the margin of the anal opening
superficial to the external sphincter.
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Nerve-Supply. -Tlie external spliincter is supplied by tlie inferior liuiiuorrlioidal branch of
the pudendal nerve (S. 3. 4.), by the pi-rineal branch of the fourth sacral nerve, and by the deep
perineal lirancli of the pudendal nerve (S. 3. 4.).

Actions.—The muscle closes the anal aperture. It is a voluntary niusclr.

M. Transversus Perinei Superficialis.

—

The transversus perinei superficialis
is not always prcjsunt. It consists of a more or less I'eeble bundle of lihres, wliicli

arises from the interior ramus of the ischium and the fascia over it, and from the
base of the fascia inferior of the urogenital diaphragm.

It passes obliquely over the base of the fascia inferior to be inserted into the
central point of the perineum.

Nerve-Supply,—Deep perineal branch of pudendal nerve (S. 3. 4.).

Action. Tiie_ two muscles acting together draw backwards and fix the central i>oint of
the pciineuni.

M. Bulbocavernosus.—The bulbocavernosus (O.T. ejaculator urinae;, in the

male, surrounds the bulb, corpus cavernosum urethrae, and root of the penis.

It is sometimes separ-

ated into two parts

—

posterior (compressor

bulbi), and anterior

(compressor radicis
penis). It arises from
the central point of

the perineum,and from
a median raphe on the

under surface of the

bulb and corpus cav-

ernosum urethrie.

The muscular fibres

pass laterally and
forwards and have a

triple insertion : from
behind forwards, (1)

into the inferior sur-

face of the fascia in-

ferior of the urogenital

diaphragm
; (2) into

the dorsal aspect of

the corpus cavernosum
urethras ; and (3), after

encircling the corpora

cavernosa penis, into

the fascia covering the

dorsum of the penis.

The ischiobulbo-
SUS, not always pi'eseut,

arises from the ischium,

and passes obliquely medially and forwards over the bulbocavernosus, to be inserted into

the raphe superficial to that muscle. It belongs to the same stratum as the transvei-sus

perinei superficiaHs and ischiocavernosus.

The compressor hemispheriorum bulbi is frequently absent. It consists of a thin

cap-like layer of muscular fibres surrounding the extremity of the bulb under cover of the

bulbocavernosus.

M. Bulbocavernosus.—The bulbocavernosus, in the female ((_).T. sphincter

vaginae), is separated into lateral halves by the vaginal and urethral openings. It

forms two thin lateral layers covering the bulb of the vestibule, and arises behind

the vaginal orifice from the central point of the perineum.

Anteriorly it is inserted into the root of the clitoris, some of its fibres em-
bracing the corpora cavernosa clitoridis so as to reach the dorsum of the clitoris.
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FiQ. 432.

—

The Muscles of the Female Perineum
(after Peter Thompson).
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Nerve-Supply.—Deep branch of tlie perineal nerve (pudendal, S. 3. 4).

Actions.—In tlie male.—The bulbocavernosus contracts the urethra in the emission of

urine and semen, and is an accessory muscle in erection of the penis.

In the Female.—The muscle contracts the vaginal orifice, and compresses the bulb of the

vestibule of the vagina.

M. Ischiocavernosus.—The ischiocavernosus (O.T. erector penis), in the

male, covers the crus penis. It arises from the ischial tuberosity and the sacro-

tuberous ligament.

Passing forwards, it is inserted by a fascial attachment into the inferior surface

of the crus penis, and into the lateral and dorsal aspects of the corpus caver-

nosum penis.

The ischiocavernosus (O.T. erector clitoridis), in the female, h&s a similar dis-

position, but is of much smaller size than in the male.

The pubocavernosus is an occasional slip arising from the pubic ramus, and inserted into

the dorsum of the penis. It corresponds to the levator penis of lower animals.

Nerve-Supply.—Deep branch of the perineal nerve (pudendal, S. 3. 4).

Action.—The muscle assists in erection of the penis (or clitoris).
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—

The Fasci>e of the Urogenital Diaphragm of the Perineum,
AND the Termination of the Pudendal Nerve.

Diaphragma Urogenitale.—The sphincter urethrse membranace£e and the

transversus perinei jjrofundus constitute the deeper muscular stratum of the

perineum and form the urogenital diaphragm. They lie between two layers of

fascia called the fascia inferior, and fascia superior of the urogenital diaphragm
(O.T. superficial and deep layers of the triangular ligament).

M. Sphincter Urethrse Membranaceae.—The sphincter of the membranous
urethrte (O.T. compressor urethrte) arises from the inferior part of the pubic ramus,

and is directed medially, its fibres radiating so as to enclose the membranous urethra.

It is inserted into a median raphe, partly anterior to the urethra, but for the

most part posterior to it. The fibres most intimately related to the urethra form

a muscular sheath for the canal, and have no bony attachments.

M. Transversus Perinei Profundus.—The transversus perinei profundus
consists of a bundle of fibres on each side whicli arises from the inferior ramus of the

ischium just below the sphincter urethrte membranacece. It is inserted into a

median raphe continuous with that of the sphincter urethrge membranacese. The
muscle, in fact, constitutes a separate bundle below and behind the sphincter.

The ischiopubicus is a term applied to a feeble bundle of fibres which, when
present, lies above and in front of the sphincter urethrse membranaceae. It arises from
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the pubic ramus, and is inserted into a median raphe on the dorsum of the membranous
urethra. This muscle is homologous with the compressor venae dorsalis penis of lower

animals.

The sphincter urethrse in the female is smaller than in the male. Its

insertion is modified by the relations of the urethra to the vagina. The anterior

fibres are continuous with those of the opposite side above the urethra ; the

intermediate fibres pass between the urethra and vagina, and the posterior fibres

are attached, along with the transversus perinei profundus (transversus vaginae), into

the side of the vagina.

Nerve-Supply.—Deep branch of the perineal nerve (pudendal, S. 3. 4.).

Action.— It is a feeble comijressor of the membranous urethra, and by no means a sphincter.

In tlie female it has an acce.ssory influence in constricting the vagina.

THE FASCIA OF THE PELVIS.

The extra-peritoneal tissue in the pelvic cavity is of great importance. The
hypogastric vessels and their branches, the visceral nerves and plexuses, the

ureters, and ductus deferentes, take their course in this tissue outside the peri-

toneum. It forms in relation to the rectum a thick sheath, for the most part

devoid of fat, which encloses the lower part of the rectum completely, down to its

termination in the anal canal. It forms a kind of packing for the parts of the

bladder uncovered by peritoneum, and is present under the organ in relation to the

symphysis pubis and pubo-prostatic ligaments. In the female it forms, in addition,

the basis or matrix of the broad ligament, and also occurs as a layer devoid of fat,

which loosely connects the anterior surface of the cervix uteri with the base of the

bladder.

FASCIA PELVINA

The cavity of the pelvis minor, in the erect position, resembles a basin tilted

forward, with its margin formed by the superior aperture of the pelvis, with a

cylindrical wall, and a concave floor, formed by bones, ligaments, and muscles.

The deficiencies in the bony walls of the cavity are filled up laterally by the

obturator membrane and the sacro- tuberous and sacro- spinous ligaments. In-

feriorly and anteriorly, behind the symphysis pubis, the fascia diaphragmatis

urogenitalis inferior fills up the pubic arch, and separates the anterior pari of the

pelvic ca\'ity from the perineum. The inner surface of this osseo- ligamentous

chamber is lined by a series of muscles ; the piriformis and coccygeus posteriorly,

the obturator internus on each side, and the sphincter urethrae membranacecC and
transversus perinei profundus, inferiorly and anteriorly, on the pelvic surface of

the inferior fascia of the urogenital diaphragm.
The pelvic fascia, continuous above with the fascial lining of the abdominal

cavity, forms a continuous cylindrical investment for these muscles. On the pelvic

surface of the pubis, where muscles are absent, it is merged with the periosteum.

It gains an attachment to the spine of the ischium as that projects between the

piriformis and obturator internus muscles. Perforations occur in it for the trans-

mission of the obturator nerve and the parietal branches of the hypogastric

artery. At the inferior aperture of the pehis, it is attached to the posterior

border or base of the fascia inferior of the urogenital diaphragm, to the ischial

ramus and tuberosity, and to the lower edge of the sacro-tuberous ligament.

Different names are applied to the fascia in relation to the several muscles which

it covers. Posteriorly it constitutes the piriformis fascia : laterally it is the

obturator fascia, while that part of the sheet of fascia which covers the pelvic

surface of the sphincter urethras membranacese and transversus perinei profundus

is known as the fascia diaphragmatis urogenitalis superior.

The disposition of the pelvic fascia is complicated by its relations to (1) the

structures which constitute the pelvic floor, and (2) the genito-urinary passages

and the rectum.
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The pehdc floor, tense in its anterior part and flexible posteriorly, is formed

behind the symphysis pubis by, successively, (1) the fasciee of the urogenital

diaphragm and the transversus perinei profundus and sphincter muscle of the

membranous urethra between them, the latter enclosing the urethra; and the

vagina in the female. (2) The perineal body. (3) The levator ani and external

sphincter of the anus on each side of the anal canal; (4) the ano-coccygeal body,

between the anal canal and the coccyx, containing the main insertions of the

levatores ani and external sphincter.

Vesicula seminalis

Rectal channel

Recto-vesical layer of pelvic fascia

1 Ductus deferens

Anal canal

Obturator forainen

Suspensory ligament
of prostate

Lateral pubo-prostatic ligament

Tendinous arch of pelvic fascia

Prostate
Median pubo-prostatic ligament

Cavum Retzii

Fig. 4.34.

Urethra

Relations of the Pelvic Fascia to the Rectum and Prostate.

The levator ani muscle completes the concave floor of the pelvic cavity,

sweeping downwards and backwards from its lateral wall, so as to form a

muscular diayjhragm, with an intra-pelvic and a perineal surface. Its superior

concave pelvic surface occupies the lateral part of the pelvic floor. Its inferior

convex surface forms the oblique medial wall of the ischio-rectal fossathe, lateral

wall of which is formed by the obturator fascia covering the pelvic surface

of the obturator internus. In this wall is a fascial sheath containing the

pudendal vessels and nerve. The levator ani is covered on both surfaces by pelvic

fascia. The anal fascia clothing its perineal surface is thin and unimportant.

The fascia covering its intra-pelvic surface is thick and strong. At the origin
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of the muscle it is continuous with the general fascial lining of the pelvic cavity,

and gives rise to a conspicuous thickening, the tendinous arch (arcus tendineus)

of the pelvic fascia, which stretches like a bow-string from the back of the
symphysis pubis to the ischial spine. This band is related not so much to the
origin of the levator ani muscle, which often extends higher uj) external to the
pelvic fascia, as to the attachments of the fascial investments of the genito-urinarv
passages, to be described below. There are sometimes additional thickenings of

the fascia, branching upwards from the tendinous arch towards the superior aperture
of the pelvis. At the insertion of the levator ani, the fascia clothing its pelvic

surface is attached to the perineal body, the margin of the anal canal, and the

ano-coccygeal body, over which it passes to be continuous, above the raphe of in-

sertion of the leyatores ani, with the layer of the opposite side. At the antero-

posterior (recto-vesical) layer

Superior layer : lateral true ligament of the bladder
,

Suspensory ligament of the prostate gland
Rectal channel

Sphincter urethr.« membranace^: mtsclf Anal canal

Sheath of the prostate gland

FiQ. 435.—Relations of Pelvic Fascia to the Rectum and Prostate

(Median Section of the Pelvis).

inferior border of the muscle the fascioe enclosing it become continuous with the

superior fascia of the urogenital diaphragm ; at its postero-superior border they join

the fascia enclo.sing the coccygeus muscle.

Within the pelvic basin, the walls and floor of which are thus continuously

invested by the pelvic fascia, are contained the rectum and bladder, and in the female

the uterus, suspended and maintained in position by the peritoneum, extra-peritoneal

tissue, and the pelvic vessels and nerves. They are essentially free to distend or

collapse, and are not bound down by the pelvic fascia. The rectum in both sexes

extends down to the floor of the pelvis, where the anal canal takes its origin. It

is invested by the peritoneum and extra-peritoneal tissue, and occupies a special

rectal channel ; this is lined by pelvic fascia, which gains an attachment to the

floor of the pelvis at the margin of the anal canal.

The arrangement of the fascia in relation to the genito-urinary passages is

essentially different.

Just as from the perineal aspect the inferior aperture of the pelvis is divisible

into two different parts,—a posterior or dorsal part, comprising the ischio-rectal
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fossse for the passage of the anal canal, and characterised by looseness and dis-

tensibility ; and an anterior or ventral part,—the urethral triangle for the genito-
urinary passages, and characterised by firm fixation to the pubic bones ; so also

from the abdominal aspect it is found that, while in the posterior part of the pelvis
a rectal channel exists, in which the rectum is free to collapse and distend, in the
ventral part of the basin the genito-urinary passages are firmly fixed by means of

Psoas major muscle

Suspensory ligament of \ /
the vagina and urethra V

.

^'^^
Obturator foramen

Arcus tendineus

Kecto-vaginal layer

Lateral pubo-prostatic
ligament

Urethro-vaginal layer

Lig. pnboprostati-
cum medium

Cavum Retzii

Pubo-urethral fascia (pubo-vesical ' ',;',
ligament) ;

' ; ;

Urethral layer of pelvic fascia ; : ; ;

Urethra .' ! ;

Vagina • 1

Bulb of the vagina ;

BULBOCAVERNOSUS

Sciatic

spine

Rectal channel

External sphincter ani
•

\ \ Levator ani

\
Internal sphincter ani

'i Anal canal

Junction of rectum and anal canal

Internal sphincter ani
External sphincter ani

Fig. 436.—Relations of the Pelvic Fascia to the Rectitm, Urethra, and Vagina (Median Section).

the pelvic fascia, which gives rise to a special suspensory ligament for the prostate

gland and the prostatic urethra in the male, and for the urethra and vagina in the

lemale.

A crescentic fold of pelvic fascia (suspensory ligament) arises in the neighbour-

hood of the sciatic spine from the general fascia covering the pelvic wall. It has

a posterior free edge, through which the ductus deferens, vesical vessels, and nerves

pass. Sweeping across the median plane, this border is continuous with the fold

of the opposite side, the two together constituting the anterior limit of the rectal



MUSCLES OF THE PELVIS. 493

channel. The fascial fold is composed of two layers, posterior and superior,

between which is a large plexus of veins. They have separate attachments
laterally to the general pelvic fascia. The posterior (recto-vesical) layer passes
across the pelvis between the prostate gland and the rectum. Its inferior edge
is attached to the perineal body between the base of the fascia of the urogenital
diaphragm and the beginning of the anal canal. It forms a sheath for the
vesicuke seminales and ductus deferentes. This is rather in the form of a septum
than a complete sheath ; it eftectually separates the vesicuhe seminales and the
bladder from the rectum, forming the anterior wall of the rectal channel, but it

allows the vesiculae seminales to rest directly against the bladder. The superior

layer extends forwards to the symphysis pubis. It has a lateral origin from the
arcus tendineus in its whole length, and sweeping over the prostate gland, it is

inserted along its line of junction with the bladder, and constitutes the so-called

lig. puboprostaticmn laterale (lateral true ligament of the bladder). It contains
numerous bundles of muscular fibres in its anterior part, and forms a sheath
for the passage of the inferior vesical vein along the lateral surface of the
prostate gland. In front the fascia stretches from the back of the symphysis
pubis, the arcuate ligament of the pelvis, and the superior fascia of the uro-

genital diaphragm to the neck of the bladder and the prostate gland, forming the
lig. puboprostaticum medium. It is continuous across the median plane with the
ligament of the opposite side. In the median line, where the two ligaments
unite, a hollow occurs behind the symphysis pubis, known as the cavum Retzii.

This ligament is composed of several layers separated by large veins (the pudendal
plexus), which connect the inferior vesical vein with the dorsal vein of the penis
and the hypogastric vein.

The sheath of the prostate gland (fascia prostatas) is formed by (1) the superior
fascia of the urogenital diaphragm on which it lies, (2) by the general pelvic fascia

covering the intra-pelvic surfaces of the levatores ani on each side, and (3) it is

completed above and behind by the two special layers of pelvic fascia just

described. By these means the prostate gland and prostatic urethra are given a
firm attachment to the anterior part of the pelvic walls and floor.

In the female an essentially similar arrangement of the pelvic fascia occurs in

relation to the vagina and urethra. A crescentic fold of the fascia springs from
the pehic wall in the neighbourhood of the spina ischiadica, and sweeping medially
to the lateral fornix of the vagina and in front of the rectum, separates into two
layers, posterior and superior. Between the layers are numerous vessels, which,
along with the visceral nerves, pierce its free edge. The posterior (recto-vaginal)

layer passes medially behind the vagina, and gaining the median plane between
the vagina and rectum, gives rise to the anterior wall of the rectal channel, and
is attached below to the perineal body in the floor of the pelvis. The superior

layer, taking origin from the arcus tendineus, is attached medially to the neck of

the bladder, and constitutes the lateral pubo-vesical ligament. It is continuous in

front with the anterior pubo-vesical ligament, which, as in the male, is divisible into

several layers separated by veins. An intermediate (urethro-vaginal) layer of the

fascia passes between and separates the urethra and vagina.

The urethra and vagina are by means of these layers of fascia firmly bound to

the pelvic walls and floor, while the uterus and bladder are free to distend in the

pelvic cavity.

MUSCLES OF THE PELVIS.

Diaphragma Pelvis.

—

The pelvic diaphragm is formed by the levator ani

and coccygeus muscles, which serve to uphold the pelvic floor, and are related to

the rectum and the prostate gland or vagina.

M. Levator Ani.

—

The levator ani arises from (1) the inferior part of the

posterior surface of the body of the pubis, (2) the general pelvic fascia above or

along the arcus tendineus, and (3) the pelvic surface of the spine of the ischium.

Its fibres are directed downwards and backwards, to be inserted into (1) the

central point of the perineum (perineal body), (2) the external sphincter around



494 THE MUSCULAR SYSTEM.

the origin of the anal canal, (3) the ano-coccygeal raphe behind the anus, and (4)

into the sides of the lower coccygeal vertebrae.

The levator ani muscle fills up and completes the pelvic floor on each side of

the median plane. Enclosed in a sheath derived from the general pelvic fascia

along the arcus tendineus, the muscle presents an upper concave surface in

relation to the pelvic cavity, prostate gland (or vagina), and rectum, and an

The arcus
tendineus of the

pelvic fascia

Pubic bone
(cut)

Bl-lbo-
caversosus

Fig. 437.-

Transversus pennei
^ superiicialis

Superior fascia of the
urogenital diaphragm

Sphincter crethr/E
membranace.e

Inferior fascia of the urogenital

diaphragm

-The Fascial and Muscular Wall of the Pelvis after Removal of Part of the
Left Hip Bone.

Sacro-tuberous
ligament (cut)

COCCYGEUS

Spina ischia-

dica (cut)

ISCHIO-
COCCYGEUS

Ilio-

COCCYGEDS \v

PUBO-
COCCY'GEUS J

Sphincter ani
externus

inferior convex surface which appears in the perineum and forms the medial wall

of the ischio-rectal fossa.

The levator ani is divisible into four parts— puborectalis, pubococcygeus, ilio-

coccygeus, and iliosacralis. The puborectalis (levator prostatse) is the part inserted into

the central point of the perineum. The pubococcygeus is the part inserted into the anus

and the ano-coccygeal rapthe, and the iliococcygeus and ischiococcygeus are represented

by the fibres attached to the sacrum and coccyx. The first two are best developed ; the

last two series of fibres are the most rudimentary. These several parts of the muscle

represent the remains of the flexor caudse of tailed animals.

Nerve-Supply.—The levator ani is supplied from two sources : by the perineal (muscular)

branch of thf; pudendal nerve, and, on its pelvic surface, by special branches from the third
and fourth sacral nerves.
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Actions.— (1) The levator ani nuificle serves to uphold and slightly raise the pelvic floor.

(2) It is likewi.se capable of producing slight fle.xiou of the coccy.x. (3) The anterior fil)re8

of the levator ani, in tlie female, sweeping round the vagina, conipres.s il.s walls laterally,. and
along witli tlie .sphincter vagin;e, Iielp to voluntarily diminish tlie lumen of tlie tube. (4) The
same j)art of the muscle in the male elevates the prostate gland (levator prostata.-). (5) The chief

action of tlie levator ani is in defiecation. Along with the external sphincter it acts as a sphincter
of the rectum, clo.sing tlu^ anal canal. During defiecation the muscle draws upwards the anus
over tlie f;ecal mass, and so assists in its expulsion. (6) In parturition, in the same way, the
muscle, contracting below the descending fcetal head, retaifis uelivery. Contracting on the fcetal

head, it draws u]>wards the pelvic floor over the foetus, and .so assists delivery.

M. Coccygeus.—The coccygeus is a rudimentary muscle overlapping Llie

posterior border of the levator ani. It arises i'rom the ischial spine and the sacro-

spinous ligament.

It is inserted into the sides of the lower two sacral and upper two coccygeal

vertebrje. The muscle is in contact by its anterior border with the levator ani.

It is enclosed in pelvic fascia, assists in forming the pelvic Hoor, and is in

contact laterally with the sacro-tuberous and sacro-spiuous ligaments.

Nerve-Supply.—The coccygeus is supplied on its pelvic surface by the third and fourth
sacral nerves.

Actions.—The muscle is a feeble lateral flexor of the coccyx, and assists the levator ani to

uj)hold tlie pelvic floor.

THE DEVELOPMENT AND MORPHOLOGY OF THE SKELETAL
MUSCLES.

The mesoderm on either side of the embryonic medullary tube separates into three

main parts— the myotome, nephrotome, and sclerotome or lateral plates (somatopleure

and splanchnopleure).

The myotomes are probably directly or indirectly the source of the striated muscles
of the whole body. Each consists at first of a quadrilateral bilaminar mass, resting

against the medullary tube and notochord on either side. The cleft between its two layers

represents the remains of the coelomic cavity. In the early stages of embryonic life the

growth of the myotome is rapid. On its medial side masses of cells arise, which grow
medially and surround the medullary tube and notochord to form the foundation of the

vertebral column. On its lateral side cells appear to be given off which participate in the

formation of the cutis vera. At the same time the dorsal and ventral borders of the

myotome continue to extend, and present extremities (growing points) with an epithelial

structure for a considerable period. On the dorsal side it overlies the medullary tube, and
gives rise to the muscles of the back ; while by its ventral extension, which traverses the

somato-pleuric mesoderm in the body wall, it produces the lateral and ventral muscles of

the trunk. By a medial extension it probably gives rise also to the hypaxial muscles of

the neck and loin. The cells of the medial layer of the myotome are responsible for the

formation of the muscle fibres. The cells elongate in a direction parallel to the

long axis of the embryo, and give rise, by fusion with the cells of neighbouring myotomes,
to the columns and sheets of muscles of the back and trunk. For the most part {e.g. back

and abdomen) the originally segmental character of the muscular elements is lost by the

more or less complete fusion of adjacent myotomes. The intercostal muscles, however,

are the direct derivatives of individual myotomes.

Muscles of the Limbs.—In fishes and (doubtfully) reptiles there is evidence that

the myotomes are concerned in the formation of the limb-muscles by their extension into

the limb-bud in a manner similar to that described for the trunk. In birds and mammals,
however, in which the limb-bud arises as an undifterentiated, uusegmented mass of

mesodermic tissue, partly from the mesoderm surrounding the notochord, and partly from

the somato-pleuric mesoblast, the myotomes stop short at the root of each limb, and

do not penetrate into its substance. Instead, the muscular elements of the limb take

origin independently as double dmsal and ventral strata of fusiform cells on the dorsal and
ventral surfaces of the limb-bud. These strata are unsef/mented ; they are grouped around
the skeletal elements of the limb, and they gradually become differentiated into the muscle
masses and individual muscles of the limb.

Muscles of the Head.—Notwithstanding the obscurity and complexity of this
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subject, it appears certain that at least two series of elementary structures are concerned

in the formation of the muscles of the head and face—the cephalic myotomes and the

muscular structure of the branchial arches.

The number of myotomes originally existing in the region of the head is not known,

although it is stated with some authority that nine is the complete number. Tlve first three

are described as persisting in the form of the ocular muscles, the last three in relation to

the muscles of the tongue, while the three intervening myotomes disappear.

Fig. 4.38.

—

Scheme to illustrate the Disposition of the Myotomes in the Embryo in relation to

THE Head, Trunk, and Limbs.

A, B, C, First three cephalic myotomes ; N, 1, 2, 3, 4, Last persisting cephalic myotomes ; C, T., L., S., Co.,

The myotomes of the cervical, thoracic, lumbar, sacral, aiid caudal regions ; I., IL, III., IV., V., VI.,

VII., VIII., IX., X., XL, XII., refer to the cerebral nerves and the structures with which they may be

embryologically associated.

The following table shows the possible fate of the cephalic myotomes :

—

First, Superior, medial and inferior recti, obliquus inferior, levator palpebrse superioris.

Second, OVjliqiius superior.

Third, Rectus lateralis.

Fourth, Fifth and Sixth, Absent.

Seventh, \

Eighth, \ Muscles of the tongue.

Ninth, I Muscles connecting the cranium and shoulder girdle.

Tenth (first cervical) j

The mesoblastic tissue of the branchial arches is j)robably concerned in the production of

the following iiuisclcs of the; face and neck :

—

First (mandihidar) arch . . Muscles of mastication.

(Platysma and facial nuiscles.

Muscles of the soft palate.

Stapedius, stylo-hyoid, and digastric.

T}nrd{thyreo.hyoid)arch . .

(Stylopharyugeus
^ " » / I Superior constrictor.

/"Middle and inferior constrictors.
Fourth and Fifth (branchial) arches

I Muscles of the larynx.



THE NERVOUS SYSTEM.
I.—THE CENTRAL NERVOUS SYSTEM.

Originally writtkn by D. J. Cunningham, F.R.S.,

Late Professor of Anatomy, University of Edinburgh

;

Revised and partly rewritten by G. Elliot Smith, F.RS.,

Professor of Anatomy, University of Manchester.

[In its original form this chapter represented perhaps the most characteristic work of the late Editor

of this Text-book, which continues to bear his name, and is a lasting memorial of his personality
and scientific attainments. By his lamented death the difficult task has fallen upon the reviser

of making such considerable alterations as the rapid changes in the state of our knovAedge of the

nervous system have rendered unavoidable, while endeavouring at the same time to preserve

unaltered the general character of his friend's work.]

— peripheral process

nerve eel

ELEMENTS OF THE CENTRAL NERVOUS SYSTEM.

Every type of nervous system with which we are acquainted, from the simplest
and most primitive, such as that of Hydra, to the most complex and highly
elaborated mechanism
found in man, is com-
posed essentially of

three categories of

elements. These are

(1) sensory cells, so

situated and so special-

ised in structure as to

be capable of being

afleeted by changes in

the animal's environ-

ment, and of transmit-

ting the effects of such

stimulation, directly or

indirectly, to (2) effer-

ent nerve-cells, which
intluence the muscles

or other active tissues,

so that the stimulation

may find expression in

some appropriate action

;

and (3) intercalated

nerve-cells, which regu-

late such responsive be-

haviour by bringing it

under the influence of other sensory impressions and of the state and activities of

the body as a whole.

497 33

intercalated
nerve cells

muscle

KiG. 439.—A Diagram representing the Essential Features in the

Arrangement ok the most pbimitite Type of Nervous System.
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The study of a simple scheme representing the relationship that obtains between
these three classes of elements in the extremely primitive animal, Hydra (Fig. 439),
will make these fundamental facts plain. Changes in the animal's environment
affect the extremities of the peripheral processes of the sensory cells (A, B, and
O), which in Hydra are situated amongst the ordinary tegumentary cells : the

effect is transmitted by the central processes of such cells {A, for example), either

directly to the efferent cell, represented in the diagram by a motor nerve-cell, or

more usually to an intercalated nerve-cell {a, b, or e). Into this (a) impulses

stream from other intercalated cells (h and c), bringing the impulse from the

sensory cell A under the influence of those coming from B and from more distant

parts of the body through the intermediation of the intercalated cell c. The cells

a, c, and d are connected with the motor nerve-cell. Thus, there is provided a

mechanism whereby the conditions affecting other regions of the body, B and C,

may influence the nature of the response which the stimulation of A evokes

—

either increasing or diminishing its effect or perhaps altering its character.

In this way the intercalated nerve-cells form a great co-ordinating mechanism,
linking together all parts of the body in such a way that the activity of any part

of the organism may be influenced by the rest, and thus be enabled to act in the

interest of the whole.

Hence the nervous system becomes the chief means whereby the various parts

of the body are brought into functional relationship one with the other, and co-

ordinated into one harmonious whole.

Throughout the whole course of its subsequent evolution the nervous system is

formed of these three kinds of elements ; and the essential feature in its elaboration

and increasing complexity is the multiplication of the intercalated cells, and their

concentration, together with the motor nerve-cells, to form a definite organ, which

we call the central nervous system.
During this process of development of the more complex forms of nervous

system, most of the sensory cells migrate from their primitive positions in the

skin (Fig. 439) ; and, as the free extremity of the peripheral process retains its

primitive relationship to the skin, such migration of the cell bodies necessitates

a great elongation of their peripheral processes. Although these sensory cells thus

move inwards into the deeper tissues of the body, the great majority of them do

not become incorporated in the central nervous system, but become collected into

groups, which form the ganglia of the sensory nerves.

In addition to its primary functions of (a) providing the means whereby the

organism can be brought under the influence of its surroundings, and (&) co-

ordinating the activities of the whole body, the nervous system also comes to

perform other functions of wider significance.

In the course of its evolution the co-ordinating mechanism formed by the

intercalated cells becomes so disposed in each animal that an appropriate stimulus

applied to the sensory nerves can evoke a definite response, often of great com-

plexity and apparent purposiveness. In other words, the nervous system becomes

the repository of those inherited dispositions of its constituent parts which

determine the instincts : and in the course of time it eventually provides also the

apparatus by which individual experience and the effects of education can be

brought to bear upon and modify such instinctive behaviour. In other words,

from the nervous system is formed the instrument of intelhgence ; and the

relatively great bulk and extreme complexity of that instrument—the brain—in

man are in a sense the physical expression of human intellectual pre-eminence.

In conformity with its jjrimary function of affording a means of communication

with the outside world, almost the whole* nervous system in the human embryo, as

in other animals, is developed from the ectoderm, as has already been explained in

the chapter dealing with General Embryology (p. 30 et seq.). In the most primitive

Metazoa the sensory cells remain in the ectoderm (Fig. 439), but other ectodermal

cells become converted into motor nerve-cells and intercalated nerve-cells, which
wander into the underlying tissues (Fig. 439). In the human embryo there is an

analogous process of development, but with the important difference that the

various nervous elements do not wander into the mesoderm individually. A
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definite patch of ectoderm is set apart to produce the greater part of the nervous
tissues for the whole body ; and all except the margins of this area sinks into the

body, en masse.

In one area of ectoderm all the motor nerve-cells develop (Fig. 440, d), in another
(c) only intercalated nerve-cells, in yet another (6) the sensory cells originate ; and
the rest forms the epidermis of

the skin (a). With ovir know-
ledge of the fact that the sensory

cells were originally distributed

throughout the skin (Fig. 439),

the idea naturally suggests itself

that in man also the units of

the sensory ganglia might be

formed in sitit in the ectoderm,

and that the collection of

sensory cells in the ganglia

might possibly be brought
about by the migration of such

sensory cells inwards, while their

peripheral processes elongate

to permit such migration of the

cell bodies without disturbing

their original endings in the

skin. But there is no evidence

to show, or even to suggest, that such a process takes place in the human embryo.
The facts at our disposal seem to indicate that the sensory cells are derived from
sharply circumscribed patches of ectoderm, and that the peripheral processes of

these cells are distributed to the outlying area of ectoderm beyond them, from
which the epidermis is eventually formed (Fig. 440).

At the beginning of the second week the nervous system of the human embryo
is represented by two thickened plates of ectoderm lying parallel the one to the

Fk;

mesoderm

440.—DiAGHAM REl'RESENTIXC; (iX BLACK) THE LeKT HaLF
OF A Transverse Section ok a 2 mm. Human Embryo.
Supejimposed upon it there is shown (in colours) the hypo-
thetical primitive arrangement of the nervous elements derived
from each part of the ectoderm.

Yolk-sac,

Neural groove _j

Neurenteric canal __

Primitive streak

Body stalk

-..j^i^'

Fk;. 441.- The Dorsal Aspect ok a Vekv Early Human Embryo (after von Spee).

I
other, alongside the median axis of the embryo (Fig. 441), which is occupied by a
shallow furrow.

Upon a diagram (Fig. 440), representing a transverse section through one-half of
I such an embryo (the uncoloured part), colours corresponding to those employed in
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Fig. 439 have been placed to indicate the nature of the elements that are known to

develop in relation with each area of the ectoderm at a later period in the history of

the embryo : b represents an area which later will form the crista neuralis, from

.

which the sensory cells will be developed. The peripheral processes of these cells

will pass into the skin (a) and their central processes into the area cd, which will

become part of the neural tube. In the area c intercalated cells will develop to

receive the incoming sensory nerves ; and in the area d the motor nerve-cells (as

well as other intercalated cells) will be formed.

When it is recalled that all the elements of the primitive nervous system of

Hydra are modified ectodermal cells, and, moreover, that when the intercalated

and motor nerve-cells wander into the deeper tissues the protoplasm of the whole
nervous network remains in uninterrupted continuity (Fig. 439), it is instructive to

note that in the primitive human nervous system the rudiment of the epidermis
of the skin is linked to the medullary plate by the patch of ectoderm from which
the sensory ganglia will be formed.

In the discussion of the inter-relationships of the various constituent elements
of the nervous system, there will be occasion to refer to this matter again.

But while we are studying Fig. 440 it is important to emphasise the fact that in

accordance with the commonly accepted ideas it is taught that the area h becomes
completely severed from a and c, and shortly afterwards fibres are budded off from
the cells in the area h to form the sensory nerves linking a to c, thus re-establish-

ing a connexion which existed a few days earlier. This suggests the possibihty

that the connexions between these three series of elements may not have been
completely sundered during the intermediate phase of development. Early in the

second week in the human embryo the axial groove separating the two bands of

thickened ectoderm (Fig. 441) that form the medullary plate becomes deepened by
the tilting-up of the lateral margins of the two bands. This process becomes
accentuated during the next day or two until a deep cleft is formed, the walls of

which consist of the thickened ectoderm and the floor of the thinner ectoderm

(floor-plate) joining them together. Before the end of the week the dorsal edges

of these thickened plates become joined in the region which will develop into the

neck ; and during the third week the sealing of the hps of the neural groove

extends upwards (headwards) and downwards (tailwards), so that the neural tube

becomes completely closed by the end of that week. The extreme anterior (head-)

end and the dorsal aspect of the caudal extremity of the tube are the last parts to

close, the latter being, as a rule, a httle later than the former. When the tube is

in the stage of being patent only at its two ends, the openings are known as the

neuroporus anterior and neuroporus posterior, respectively.

In the process of closing, the extreme dorsal edge of the medullary plate

becomes excluded, in the greater part of its extent, from participation in the

constitution either of the neural tube or of the skin, and forms a column of cells

lying between the two. This is the neural crest (Fig. 442, A, B, and C ; x and y
represent the places where the apparent sundering occurs).

It is commonly supposed that the neural crests do not extend the whole length

of the neural tube. Nevertheless, peculiar ectodermal areas, which ultimately give

origin to sensory nerves, are found at the junction of the medullary plate with the

skin in those regions where the neural crest is supposed to be lacking. At the

extreme anterior end of the neural tube the margins of the anterior neuropore

become thickened to form crest-like patches ; but when the tube closes these areas

do not separate from the skin (at x, Fig. 442, D), as the rest of the neural crest does.

They remain part of the skin and become the olfactory areas, in which sensory

cells, precisely like those found in Hydra (Fig. 439), develop.

A little farther on the caudal side of the olfactory region a very large crest-

like mass of ectoderm fails to separate from the medullary plate as it closes, and
becomes a constituent part of the neural tube (Fig. 442, E). It develops into the

optic diverticulum from which the cells of origin of the optic nerve are formed.

In several other regions sensory nerves originate from cells of ectodermal, and
possibly even entodermal, areas which do not form parts of the neural crest, as

that term is usually understood. Tlie nerves of hearing and taste are developed
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crista neuralis
peripheral sensory nerve

sensory nerve root

qanqlii
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in a way that seems at lirst sight utterly abnormal, until it is remembered that
they afford examples of very
primitive methods of nerve-

formation.

The essential part of the

organ of hearing is an ecto-

dermal sac (otic vesicle) that

develops as a diverticulum on
the side of the head, from a

thickened patch of ectoderm,

which in the lower vertebrates

forms part of a more exten-

sive area, known as the dorso-
lateral placode. Some of the

cells of this area seem to be-

come transformed into nerve-

cells, which migrate into the

space between the otic vesicle

and the neural tube (Fig. 443)
and form the acoustic ganglion.

At the upper margins of gan9iion

the branchial clefts a series of °ifa-ctorium

ectodermal (and possibly also

entodermal) thickenings develop,
which are known as the epi-

branchial placodes. Com-
parison with the process of

development in fish embryos,
which has been elucidated by
Landacre {Journal of Compara-
tive Neurology and Psycliology,

1910-1912), suggests that the

nerve-cells may arise from these placodes, from which the nerves of taste originate

vesicula optica

Fl( • 442.

—

Diagrams of Tkaxsvehse Sections representing
Three St.\ges (A, B, and C) in the development ok a
Sensory Ganglion from the Neural Crest ; and Two
Diagrams (D and E) sucsgesting a Possible Homology
OF the Olfactory (D) and Visual (E) Epithelium with
THE Neural Crest.

Ganglion geniculi

Xervus facialis

Epibranchial placode
of facial nerve

Vesicula optica

Ganglion acusticiim

Vesicula otica

. Ganglion petrosuni

Epibranchial placode
, of glosso-pharyngeal

nerve

Ganglion
nodosum

Epibranchial
placode of
vagus nerve

Area olfactoi i

Fig. 443.

—

Reconstruction of the Ganglia of the Fa( ial, Acoustic, Glosso-pharyngeal, and Vagus
Nerves of a Human Embryo 5 Millimetres long (about three weeks old).

The epithelium of three branchial clefts and the otic vesicle is represented diagramniatically ; and the supposed mode of
origin of the gustatory nerve-cells (and their fibres) from the epibranchial placodes is indicated in blue, and of the
acoustic nerve-cells from the otic vesicle in purple.
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Such fibres are constituent elements of the facial, glosso-pharyngeal, and in some
animals also the vagus cerebral nerves (Fig. 443), in connexion with the ganglia

of which these epibranchial placodes are formed (Froriep and Streeter). The
observations of Professor J. P. Hill upon embryos of Echidna seem to suggest that

in mammals these gustatory neuroblasts are derived from the entoderm.

AVhen first formed, the neural tube is compressed from side to side and presents

an elliptical outline in transverse section (Fig. 444). The two side walls

are very thick, whilst the narrow dorsal and ventral portions of the wall are thin,

and are termed the roof-plate and floor-plate respectively (Fig. 444). The cavity

of the tube in transverse section appears as a narrow slit. The wall of the neural

tube consists at first of low columnar epithelium arranged in a fairly regular

series, but with a certain number of large spherical so-called germinal cells

scattered between the columns. But this regular disposition as a single layer

Funiculus posterior .,<<'vV«>-^Js '^ '

- w^

Commissure

Sensory £j/K-
ganglion-^^S

Marginal
layer

Commissural fibre

Anterior nerve root

Fig. 444.

—

Diagram of Transvkkse Section of Eakly Neuual Tube.

of cells does not last long. For even by the second week the rapid proliferation

of the cells has led to a marked increase in the thickness of the side wall and
a scattering of the more numerous nuclei, apparently irregularly, throughout its

substance (Fig. 444). The latter consists of a network of protoplasm in which

definite outlines of cells cannot be detected. As growth proceeds the innermost

part of this nucleated protoplasmic syncytium becomes condensed to form a

delicate membrane termed the internal limiting membrane, which lines the

lumen of the tube, whilst its outermost part presents a similar relation to an

external limiting membrane, which invests the outer surface of the tube. To-

ward the end of the first month the side walls of the tube show signs of a

differentiation into three layers. Next to the central canal there is an epithelial-

like arrangement of the innermost cells of the syncytium, forming the ependyma.
Then there is an intermediate layer crowded with nuclei, hence known as the

nuclear or mantle layer. On the surface is a layer singularly free from nuclei,

which is called the non-nuclear or marginal layer. The germinal cells are
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placed in the ependymal layer between its radially arranged cells as they pass

in towards the internal limiting membrane ; and the protoplasm of the germinal
cells forms part of the syncytium.

At one time it was ima^dn'/'d that the germinal cells were embryonic nerve-cells,

the parent-cells of the real neuroblasts, and that the whole of the rest of the

syncytium represented the supporting' tissues, which in the a(hdt form the neuroglia.
l>ut it is now known that from the prolil'eration of tlie germinal cells, in which
mitotic figures can usually be seen, some cells are formed which Ijccome ependymal
epithelium, and others which migrate peripherally into the mantle layer. There,

while forming ])art of the mantle syncytium, tliey undergo further proliferation

and some of the resulting cells develop into spongioblasts, which constitute the

supporting framework, the embryonic neuroglia; others become rudimentary nerve-

cells or neuroblasts, and others again are known as indifferent cells. The latter

are destined to undergo further subdivision and become the parents of more
spongioblasts and neuroblasts.

From this it is clear that the greater part—all except the germinal cells

—

of the syncytium, which is known as the myelospongium, is not merely supporting

neuroglial tissue, as was once supposed, but is the rudiment of both neuroglia and
true nervous tissues.

The details of the process by which the neuroblasts become dissociated from
the neuroglial network are quite unknown. It is commonly supposed that a

spherical cell in the mantle layer that is to be transformed into a neuroldast

frees itself from the syncytium, and remains for a time independent and wholly

unatt iched amidst the meshes of the neuroglial network : it is supposed lurther

that its true nature as a neuroblast becomes revealed when it takes on a pear-

shape, and a protoplasmic process, the stalk of the pear, pushes its way into some
other part of the nervous system, or out of it into the mesoderm to reach some
musc"ular or glandular tissue, and becomes the axis cylinder process or axon of

the nerve-cell.

Such an interpretation of the appearances exhibited in the walls of the neural

tube at the end of the first month is adduced in support of a view concerning the

constitution of the nervous system known as the neurone theory. "Neurone" is the

term applied to a nerve-cell and all its processes ; and the neurone doctrine assumes
that there is no continuity whatever between the substance of one neurone and that

of another, such as occurs in Hydra (Fig. 439), and that the functional connexions

between them are brought about merely by the contact of the processes of one

element with the processes, or the cell-body itself, of another element. In accord-

ance with this conception the facts of embryology are supposed (by His) to demon-
strate that when the axon grows out from a previously spherical and unattached cell

it is able to push into the surrounding tissues, and, as it were guided by some instinct,

eventually finds its way to that particular area of skin, muscle, gland, or other part

of the body where nature intends it to go.

This is the current teaching in regard to the neurone-theory ; and it is supposed

to have been conclusively demonstrated by the facts revealed not only by embryo-
logy and the study of the minute structure of the nervous system, but also by the

phenomena of degeneration and regeneration. Harrison has shown that the out-

growth of processes can be witnessed in the living nerve-cells of the frog. There

are certain facts, however, which have always led some anatomists to refuse to

believe in the validity of the neurone doctrine as a true expression of the real

constitution of the nervous system. It has been clearly demonstrated by Graham
Kerr that at a very early stage of development the neural syncytium of the spinal

medulla (of the mud-fish Lepidosiren) is in free and uninterrupted continuity with

the protoplasm of the muscle-plate, which lies in contact with the neural tube ; and
no stage is known in which these connexions do not exist. When, in the course of

the subsequent growth of the embryo, the muscle-plate becomes removed further

and further away from tlie central nervous system the protoplasmic strand, which
links them the one to the other, gradually becomes stretched and elongated. As
the neuroblast matures its chemical constitution becomes modified ; it becomes
specialised in structure to fit it for the peculiar functions it has to perform. These
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changes manifest themselves first in the body of the nem-one itself and thence
spread along its processes. With the knowledge that protoplasmic bridges exist

long before the time His supposed the axon of his neuroblast to push its way
outward, it seems not unreasonalile to suppose that it is the chemical modification

of these existing bridges which has been revealed in stained specimens, as it spreads
from the cell body outwards into its processes.

It is now a well-recognised fact that soon after the neural tube becomes closed

the outhnes of its constituent cells become blurred and then disappear, and a
continuous protoplasmic network or syncytium is formed. No one has ever been
able to detect the process of detachment of embryonic nerve-cells (neuroblasts) from
this syncytium ; and it is at least a possibility that the free anastomosis of the

protoplasmic processes of many of the cells is not destroyed in the way demanded
by the neurone doctrine. The known facts might be interpreted, at least as

reasonably, by supposing that when nerve currents begin to traverse the syncytium
(Fig, 444) structural modifications occur around the nuclei of the cells affected, and
gradually spread along their processes, so as to give the appearance (in sections

stained by special methods) of processes growing out from each neurone.

Impulses brought from the skin by fche sensory nerves, the nutrition of which is

controlled by the cells in the sensory ganglion (Fig. 443), are carried into the wall

of the neural tube, where they are received by processes of intercalated cells, which
in turn transmit their efiects directly or indirectly to (a) motor nerve-cells (or

other kind of efferent nerve-cells), which stimulate a muscle, a viscus, or other

active tissue to perform some work, or (h) to intercalated cells, the axons of which
proceed to some other part of the nervous system, perhaps above or below the place

where the sensory nerve enters (Fig. 444, funicular cells). As the walls of the neural

tube increase in size the various neurones gradually become drawn apart, and the

protoplasmic links uniting them become stretched and extended to form processes

of varying length.

It is right to explain that most writers give an explanation of the process of

development which is at variance with that just sketched. The neuroblast is

supposed to originate as a free-lying spherical cell, which is stimulated by some
unknown force, sometimes assumed to be of the nature of a chemical attraction

(chemotaxis), to protrude a process, which gradually elongates and pushes its way
through the tissues, perhaps to some particular patch of skin, muscle, gland, or

some other nerve-cell. The difficulty involved in such a conception is not only

that it is opposed to all that is known of the early stages in the evolution of the

nervous system, but also that it is difficult to conceive that every one of the

millions of nerve-cells, muscle-cells, visceral and cutaneous elements can each have

some specific attractive power which leads every individual nerve fibril to its

appropriate and predestined place in the body.

The Efferent Nerves.—The efferent cells of the neural tube are distinguished

by the fact that their axons leave the central nervous system and traverse the

mesoderm for a longer or shorter distance to end in relation to some muscle, gland,

or other tissue outside the nervous axis. At an early stage of development (Fig. 445)

such efferent fibres pass not only to muscles but also to viscera and other kinds of

tissues. In the course of the growth of the body these various structures supplied

by efferent fibres become removed progressively further and further from the central

nervous system ; and in this process a distinction can be detected in the behaviour

of the efferent fibres proceeding (a) to the striped or voluntary muscles, (c) and the

viscera and unstriped muscle, respectively. The efferent cells (a) which innervate

voluntary muscles retain their positions in the central nervous system, their axis-

cylinder processes (motor nerves) becoming elongated in proportion to the migration

of the muscle from its original situation. But the cells (c) innervating non-striped

muscles and viscera behave in a different manner. As the viscus or muscle

migrates (Fig. 445, B), the nerve-cell (c) follows it more or less closely, being as it

were dragged out of the wall of the neural tube by its axon into a peripheral

position, where it Ijecomes a constituent element of one of the so-called sympathetic

or autonomic ganglia.^ As these sympathetic cells migrate from the central

nervous system, each of them appears to draw out with it the axon of an inter-
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calated cell (rf) ; and it is cuatoiiiary to distinguish these latter elements (within
the central nervous system) as splanchnic efferent cells. It is, however, a matter
of fundamental imjKjrtaiice to recognise clearly that the real splanchnic efferent

cells, the homo-
logues of the ^ ^

'='
. . a, ^ ^^"-"T^ Roof Pic

somatic efferent

cells, are found in

the sympathetic
ganglia, and that

the elements to

which this term is

usually applied are

in reality inter- v -n^ ^ , . „ \ i a,*j. / c•' vC'V^"^^ (
motor cells \ / ^Wr -f - - SomaCic

calated cells. X/ ./a ^ '

V I /a V- efferent

nucleus
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445.

—

Diagram of a Transverse Section through the Left Half op the

Neural Tube representing Two Stages in the Development of the

Efferent Nerves, to suggest the Possiri.e Ohigin of the Cells of the

Sympathetic Ganglia by mtguation from the Neural Tube.

This accoiuit is

at variance with the
customary descrip-

tion of tlie develop-
ment of the sym-
pathetic system,
acconling to which
the cells of the sym-
pathetic ganglia are

said to be wholly
derived from tlie sen-

sory ganglia ; but it

offers a reasonable

explanation of the

facts (i.) that the cells Fig

in the sympathetic
ganglia are of the

efferent, and not of

the sensory, type, ,,. , . , • •. •.

and (ii.) that the fibres from the central nervous system establisliing relations with them emerge

along the motor nerves. Moreover, the information brought to light by recent research in

embiyology (Froriep, Kuntz, and others) affords positive evidence in support of this view.

Elliott, however, opposes this interpretation {Journal of Physiology, 1907, p. 438).

Many, if not all, of the sympathetic cells are derived from the walls of the

neural tube, and they migrate along the pathways formed by the motor, rather

than the sensory, nerves, "in the case of the spinal medulla they pass out chiefly

along the anterior roots, and from the brain along the motor nerves—the oculo-

motor, and the motor divisions of the facial and vagus nerves.

Nerve Components.—From the statements in the preceding paragraphs it must

be evident that there are several varieties of afferent and efferent nerves respectively

entering and leaving the central nervous system. The cells of origin of the efferent

nerves are all placed in the ventral part of the side wall of the neural tube
;
and

for this reason this part of the wall becomes swollen at an early stage ot develop-

ment (Figs. 445 and 446). It is called the basal lamina. Most of the cells that emit

afferent fibres are situated in the sensory ganglia outside the central nervous system,

so that their growth can have no direct influence upon the form of the neural tube;

but their central processes become inserted into the dorsal part of the side wall

of the tube, which is called the alar lamina; and groups of intercalated cells

collect around the entering fibres to form receptive or terminal nuclei. Ihe

growth of these terminal nuclei leads to an expansion of the alar lamina ^vhlch is

analogous to, but much less extensive than, that seen in the basal lamina. I his

unequal swelling of the dorsal and ventral parts of each side wall ot the neural

tube leads to the development of a longitudinal groove, sulcus limitans, as a

demarcation between the alar and basal lamime.

The nuclei of origin of the efferent fibres, which are found m the basal laminae,

may be divided into two (and, in some regions of the nervous axis, three) main

groups. There is first the group of large multipolar nerve-cells which emit fibres

to innervate the ordinary striped voluntary muscles. This is commonly called
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the somatic efferent nucleus. Then there is a group of small multipolar cells,

the axons of which pass out into sympathetic ganglia, and indirectly control the

involuntary unstriped muscles and other active parts of viscera. These cells

form the splanchnic efferent nucleus.

In the upper cervical and lower cranial region a portion of the somatic efferent

nucleus is set apart to innervate the striped muscles developed in the branchial

arches. This is the lateral somatic or intermediate efferent nucleus. Many recent

writers are of the opinion that this nucleus is splanchnic ; but its fibres directly

innervate striped voluntary muscles, which are developed from the same material

ROOF-PLATE

Splanchnic Terminal Nucleus.

'< Gustatory Nucleus.

Acoustico-Laleral

Terminal Nucleus.

Somatic Terminal
Nucleus.
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Somatic
Efferent Nucleus
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Plate

--- Ear Vesicle.
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Fig. 446.—DiACiu.^M of a Tran.sverse Section through the Eight Half of the Fcetal Ehomben-
CEPHALON AND EPITHELIAL AREAS ASSOCIATED WITH IT TO ILLUSTRATE THE DIFFERENT CATEGORIES
OF Nerve Components and their Central Nuclei.

(myotomes) from which the other striped muscles are formed (Agar and Graham
Kerr).

The alar lamina also can be subdivided into a series of functional areas
(Fig. 446).

At the dorsal edge is the somatic afferent terminal nucleus, which receives im-
pulses coming from the skin. In one region a part of this nucleus is specialised

for the reception of impulses coming from the internal ear (acoustico- lateral

terminal nucleus). Then there is a group of cells collected' around the incoming
visceral sensory nerves-r-the splanchnic afferent terminal nucleus. A part of this is

specialised to receive taste impressions—the gustatory nucleus—but this has not
yet been clearly demarcated from the rest of the nucleus.

This analysis of the various functional elements that may enter into the
constitution of the various cerebral and spinal nerves is made use of in elaborating
the theory of nerve components, which will help us to understand many features
of the structure of the nervous system that otherwise would be unintelligible.

Nerve-cells.—We have already noticed that there is a broad distinction
between the nerve-cells which are found in the ganglia of sensory nerves and those
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found in the rest of the nervous system. They differ not only in tlieir mode of

origin and in their subsequent development, but also in the connexions of their

nerve-fibre processes.

Nerve-cells of the Brain and Spinal Medulla.—The cells in the cerebro-

spinal axis are variable both in size and form. Some are relatively large, as, for

example, certain of the pyramidal cells of the cerebral cortex and the motor cells

in the spinal medulla, which almost come within the range of unaided vision

;

others are exceedingly minute, and require a high power of the microscope to bring

them into view. The cell consists of a protoplasmic nucleated body, from which
the axon proceeds, and the protoplasmic processes of Deiters, or the dendrites

(Fig. 447).

Tlie axon presents a uniform diameter and a smooth and even outline. It gives

off in its course fine

collateral branches,

but does not suffer

thereby any marked
diminution in its

girth. The most
important point to

note in connexion
with the axon, how-
ever, is the fact that

it becomes continu-

ous with the axis-

cylinder of a nerve-

fibre. The axon
then is simply a

nerve-fibre, and in

certain circum-
stances it assumes

one or two invest-

ing sheaths, ofwhich
more will be said

later. The axon
may run its entire

course within the

substance of the

brain or spinal
medulla, either for a

short or a long dis-

tance (intercalated

cells), or it may
emerge from the

brain or spinal
medulla in one of

the cerebral or spinal

nerves as the essential part of an efferent nerve-fibre, and run a variable distance

before it finally reaches the peripheral structure in relation to which it ends

(efferent nerve-cells). The axon and the collaterals which spring from it appear to

terminate either in small button-like swellings or knobs, or more frequently in

terminal arborisations, the extremities of which seem to be furnished with ex-

ceedingly small terminal varicosities. In those cases where the axon or its

collaterals end within the brain or spinal medulla, some of the terminal arborisa-

tions interlace with the dendrites of nerve-cells, whilst others are twined around

the bodies of other cells. In the latter case the interlacement may be so close

and complete that it almost presents the appearance of an enclosing basket-work.

In cases where the axon emerges from the cerebro-spinal axis its terminal arborisa-

tion ends in relation to a muscle-fibre or some other tissue in the manner described

below.

Fici. 447.- -Thuee Nerve-cells from the Anterior Coli'mn ok Gr.vt

Matter of the Human Spinal Medclia.
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Fig. 448.—Two Multipolar Nerve-
cells (from a specimen prepared by
the Golgi method).

view, therefore, four

forms of nerve-fibre

recognised :—

different

may be

Non-medullated

—

1. Naked axis-cylinders.

2. Axis -cylinders with primi-

tive sheaths.

Medullated

—

.3. Primitive sheath absent.

4. Primitive sheath present.

Every nerve -fibre near its

origin and as it approaches its

termination is unprovided with

sheaths of any kind, and is

simply represented by a non-

medullated, naked axis-

cylinder. The fibres of the

olfactory nerves afford us an
example of non - medullated

fibres furnished with a primi-

tive sheath.

Medullated fibres are

present in greater quantity in

the cerebro-spinal system than
non -medullated fibres. Thus,

all the nerves attached to the

Nerve - fibres.— Nerve - fibres, ar-

ranged in bundles of greater or less bulk,

form the nerves which pervade every
part of the body. They also constitute

the greater part of the brain and spinal

medulla. Nerve-fibres are the conduct-
ing elements of the nervous system ; they
serve to bring the nerve -cells into

relation both with each other and with
the various tissues of the body.

There are different varieties of nerve-

fibres, but in all the leading and essential

constituent is a delicate thread-like axon.

The most obvious difference between
individual fibres depends upon the nature

of the covering of the axon. When it

is coated on the outside by a more or

less thick sheath of a fatty substance,

termed myelin, it is said to be a myelinated

or medullated fibre. When the coating

of myelin is absent, the fibre is termed

a non-myelinated or a non -medullated
fibre. A second sheath— thin, delicate,

and membranous, and placed externally

—may also be present in both cases. It

is termed the primitive sheath or the

neurolemma. From a structural point of

Fig. 449. — Nerve-ckll from Cerebellum (Cell of Pcjrkikje)

SHOWING the Branching of the Dendritic Processes (from a

photograph by Professor Symington).
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Axis
'cylinder

Myelin

Pritnitivt

slieath

brain and spinal medulla, with the exception of the olfactorj' and optic, are formed
of meduUated fibres provided with a primitive sheath ; whilst the entire mass of
the white substance of the brain and spinal medulla, and also the optic nerves,

are formed of medullated fibres devoid of a primitive sheath.

It is important to note that the distinction between the
medullated and non- medullated fibres is not one which exists

throughout all stages of development. As will be presently pointed
out, every fibre is tlie prolongation of a cell, and in the first instance
it is not provided with a medullary sheath. Indeed, it is not
until about the fifth month of fcetal life that those fibres which
are to form the white substance of the cerebro-spinal axis begin to

acquire their coating of myelin. Further, this coating appears in

the fibres of different fasciculi or tracts at different periods, and a

knowledge of this fact has enabled anatomists to follow out the

connexions of the tracts of fibres which compose the white matter
of the brain and spinal medulla.

Every nerve-fibre is directly continuous by one extremity with a

nerve-cell, whilst its opposite extremity breaks up into a number of

ramifications, all of which end in relation to another nerve-cell, or

in relation to certain tissues of the body, as, for example, muscle-
fibres or the epithelial cells of the epidermis. The length of nerve-

fibres, therefore, varies very greatly. Some fibres are short and
merely bring two neighbouring nerve-cells into relation with each
other ; others travel long distances. Thus, a fibre arising from one
of the motor cells of the lower end of the spinal medulla may, after

leaving the spinal medulla, extend to the most outlying muscle in

the sole of the foot, before it reaches

its destination. But even when a fibre

does not leave the central axis, a great

length may be attained, and cells situated

in the uppermost part of the brain give

origin to fibres which pass down to the

lower end of the spinal medulla.

It has already been explained that

fibres which form the nerves may be
FROM A Frog (after i -n i • . , , oc .

''
-,

V. Kiiiiiker).
Classified into two sets, arterent and
efferent. Afferent nerve -fibres conduct

impressions from the peripheral organs into the central

nervous system ; and as a change of consciousness, or,

in other words, a sensation is a frequent result, these

fibres are often called sensory. Efferent nerve -fibres

carry impulses out from the brain and spinal medulla to

peripheral organs. The majority of these fibres go to

muscles and are termed motor ; others, however, go to

glands and are called secretory ; whilst some are in-

hibitory and serve to carry impulses which restrain or

check movement or secretion.

The dendrites, or protoplasmic processes of the nerve-

cell, are thicker than the axon, and present a rough-

edged irregular contour. They divide into numerous
branches, and these gradually, as they pass from the

cell-body, become more and more attenuated until finally

they appear to end in free extremities. The branching

of the dendritic processes sometimes attains a marvellous degree of complexity

(Fig. 449), but it is commonly supposed that there is no anastomosis between
the dendrites of neighbouring cells, or between the dendrites of the same cell.

It is commonly believed that the neuroblast passes through stages analogous to

those shown in the diagram (Fig. 451) ; that just as a seed gives off a root which
strikes downward, and leaves which grow upward, so the neuroblast sprouts out an

Fig. 450,

Nerve-fibre

Fic. 451.

—

Ramon y Cajal's In-

TERl'RKTATION OK THE DEVELOP-
MENTAL Stages exhibited by a
PYRAMIDAL CELL OF THE BRAIN.

ri, Neuroblast, with rudimentary

axon, but no dendrites ; b and c,

The dendrites beginning to sprout

out ; (/ and e. Further develop-

ment of the dendrites and appear-

ance of collateral branches on

the axon.
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axon (a) and subsequently develops a bunch of dendritic processes (6), In the

case of the axon reasons have already been given for not accepting this view as the

whole explanation ; and in the case of the dendrites, although the appearance of

microscopic sections seems to favour the view expressed in the diagrams, the fact

that the neuroblasts are united into a continuous network or syncytium at an
early stage of development (see p. 503) raises the possibility that the dendrites

may be formed by the gradually drawing out of the existing bridges as the linked

cell-bodies become moved apart.

The Ganglia of the Sensory Nerves.—The cells found in the ganglia of the

cerebral nerves and on the posterior or dorsal roots of the spinal nerves have a

different origin, and present many points of contrast with neurones in the gray matter

of the brain and spinal medulla. As already indicated, the ganglia in question are

derived from the neural crest. The cells forming these ganglionic masses are some-

what oval in form, and each extremity or pole becomes drawn out into a process, so

that the neurones become bipolar. These processes are distinguished as central and
peripheral, according to the direction which they take. The central processes

penetrate the wall of the neural tube. In
the region of the spinal medulla they form
almost the whole of the fibres which enter

into the composition of the posterior roots of

the spinal nerves. In the substance of the

cerebro- spinal axis they give off numerous
collaterals, and after a course of varying ex-

tent they end, after the manner of an axon,

in terminal arborisations, which enter into

relationships with certain nerve-cells in the

cerebro-spinal axis. The peripheral processes

proceed along the path of the particular

nerve with which they are associated, and
they finally reach the skin or other sensory

surface. Thus, to take one example : the

majority of the fibres which go to the skin

break up into fine terminal filaments, w^hich

end freely between the epithelial cells of

the epidermis. The two processes of a

ganglion cell, therefore, form the afferent

fibres of the cerebro-spinal nerves, and con-

stitute the path along which the influence

of peripheral impressions is conducted to-

wards the brain and spinal medulla. The
body of the cell is, as it were, interposed in the path of such impulses.

But the original bipolar character of these cells, with very few exceptions

(ganglia in connexion with the acoustic nerve and the bipolar nerve-cells in the

olfactory mucous membrane), gradually undergoes a change which ultimately leads

to their transformation into unipolar cells. This is brought about by the tendency

which the cell-body has to grow to one side, viz., the side towards the surface of the

ganglion (v. Lenhossek). This unilateral growth leads to a gradual approxima-

tion of the attached ends of the processes, and finally to a condition in which they

appear to arise from the extremity of a short common stalk in a T-shaped manner
(Fig. 452). It is interesting to note that in fishes the original bipolar condition

of these cells is retained throughout life, without change.

Both the central and peripheral processes of these ganglionic cells become the

axis-cylinders of nerve-fibres, which, acquiring a medullary sheath, belong there-

fore to the medullated variety. From this it might very naturally be thought that

the ganglionic neurone, with its two axons and no typical dendrites, is a nervous

unit very different from a neurone in the gray matter of the cerebro-spinal axis. It

is believed by some, however (van Gehuchten and Cajal), that the peripheral

process, in spite of its enclosure within a medullary sheath, and though presenting

all the characters of a true axon, is in reality a dendrite If this is the case, the

Fig. 452.

—

Three Stages in the Development
OP A Cell in a Spinal Ganglion.
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morphological dittereuce between a dendrite and an axon disappears, and van
Grehuchten's functional distinction alone remains characteristic, viz., that the axon
is cdlulifngal and conducts impulses away from the cell, whilst the dendrites are

cellulipetal and conduct impulses towards the cell.

It is, however, more in accordance with the facts to regard the sensory neurones
as genetically quite distinct from the rest of the nervous system (see p. 498).

Neuroglia.—The neuroglia is the supporting tissue of the cerebro-spinal axis.

It may be considered to include two ditferent forms of tissue, viz., the Hning
ependymal cells and the neuroglia ]jroY)er. We place these under the one heading,

seeing that they have a common developmental origin.

The ependymal cells are the columnar epithelial cells which line the central

canal of the spinal medulla and the ventricles of the brain. In the embryonic con-

dition a process from the deep extremity of each cell, traverses the entire thickness

of the neural wall, and reaches the surface. It is not known whether this process

exists in the adult.

The neuroglia proper is present in both the white and the gray matter of the

cerebro-spinal axis. It constitutes an all-

pervading basis substance, in which the

various nerve elements are embedded in such

a way that they are all bound together into

a consistent mass, and are yet all severally

isolated from each other. Neuroglia consists

of cells and fine filaments. The fibrils are

present in enormous numbers, and by their

interlacements they constitute what appears

to be a fine feltwork. At the points where
the fibrils intercross may be seen the flattened

glial cells. Whilst the neuroglia is for the

most part intimately intermixed with the

nerve elements, there are, in both brain and
spinal medulla, certain localities where it is

spread out in more or less pure layers. Thus,

upon the surface of the brain and of the

spinal medulla there is such a layer ; likewise

beneath the epithelial lining of the central

canal and of the cavities of the brain there

is a thin stratum of neuroglia.

The ependymal cells are derived from
the original neuro-epithelial cells of the early

neural tube, and in all probability the neur-

oglia proper has a similar origin. They both, therefore, are products of the ectoderm.

Summary.— 1. The cerebro-spinal nervous system is composed of two parts, viz.,

(a) a central part, consisting of the brain and spinal medulla, with the efferent nerve-

fibres which pass out from them
;
(b) the ganglionic part, with the afferent nerve-fibres.

2. Each of these parts has a different origin, and is composed of neurones which
possess characteristic features.

3. The ganglionic neurones are derived from the primitive cells of the neural

crest, and have each one process, which divides into two. Of these the central

division enters the cerebro-spinal axis, whilst the peripheral division becomes con-

nected with a peripheral part. The central fibres from the ganglionic cells in

the region of the spinal medulla form the dorsal or posterior roots of the spinal

nerves. The cells of origin of these posterior roots are outside the spinal medulla,

and carry impulses into its substance.

4. The cerebro-spinal neurones are derived from the neuroblasts in the wall

of the early neural tube. Certain of these furnish efferent nerve-fibres, which
issue from the spinal medulla in separate bundles termed the anterior or ventral

roots of the spinal nerves. In the case of the cerebral nerves, however, with the

exception of the trigeminal and facial nerves, the efferent fibres are not thus

separated from the afferent fibres at their attachment to the brain.

Fig. 453. — Section through the Centkal
Canal of the Spinal Medulla of a Hitman
Embryo, showing Ependymal and Neur-
oglial Cells (after v. Lenhos.sek).

A, Ependymal cell. B, Neuroglial cell.

[Note tliiit the dorsal (posterior) aspect is hrloir.]
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5. The brain and spinal medulla, when studied by the naked eye, are seen to be

composed of white matter and gray matter. The white matter forms very nearly two-

thirds of the entire cerebro-spinal axis. It is composed of medullated nerve-fibres

embedded in neuroglial tissue. The gray matter is composed of nerve-cells with

their dendrites and axons. Some of the axons are in the form of naked axis

cylinders, whilst others have a coating of myelin. Intimately intermixed with

these parts is the neuroglia, which isolates them more or less completely from
each other.

THE NATUEE OF THE BEAIN.

In the foregoing account it has been explained that the nervous system is

composed of a series of afferent nerves bringing information from every part of the

body into the central nervous system, from which efferent nerves pass out to the

muscular and other active parts of the body, providing the means for translating

such information into appropriate action. But it has been seen that the essential

part of the central nervous system is the intercalated cells, which provide the

means whereby the information brought in by any sensory nerve may be placed

at the service of the whole body, and the response which it excites may be controlled

and regulated by the condition of the rest of the body. The system of intercalated

cells links together into one co-ordinated mechanism the whole nervous system,

and, through it, every part of the body itself.

In some very primitive and remote ancestor of man (and in fact of the vast

majority of animals) the front end of the nervous system became enhanced
in importance to form a brain, which assumed a dominant influence over the rest.

This was brought about in the first place by the fact that in an elongated prone
animal moving forwards, the front end would naturally come first into relation-

ship with any change in environment ; and this earlier acquisition of information

concerning the outside world would necessarily give the head end of the nervous

system exceptional opportunities for influencing the rest of the nervous system.

This predominance is further accentuated by the development in the head
region of the organs of special sense, which provide mechanisms specially adapted
to be influenced by light, sound, and such delicate chemical forms of stimulation

as excite in ourselves sensations of smell and taste. As the information conveyed
by these special senses, such as the scent of food or the visual impression of some
enemy, must be able immediately to influence the movements of the whole body,

it follows that a specially abundant system of intercalated elements link the

central ends of these nerves of the special senses with the rest of the central

nervous system. Moreover the predominant influence of the head end of the

central nervous system implies that it must be provided with a specially large

series of nerve- fibres, not only for the purpose of bringing this influence to bear

upon the rest of the nervous system, but also of being itself brought into intimate

relationship with the nervous system as a whole, seeing that sensory impulses are

constantly pouring into every part of it.

Thus the head end of the central nervous system becomes the brain, which
is characterised by a series of large irregular swelhngs, due to (a) the develop-

ment around the insertion of each special sensory nerve of a mass, or group of

masses, of intercalated cells which will enable the effects of the visual, acoustic,

olfactory, gustatory or other sensations to influence the whole nervous system,

and (b) the evolution of complicated systems of intercalated cells, which receive,

and in a sense blend, impressions coming from all parts of the nervous system,

and emit fibres which pass, directly or indirectly, to the various groups of motor
nerve-cells and control their activities and, through them, the behaviour of the

animal.

In the development of the human embryo this distinction between the head
end and the rest of the central nervous system is indicated even before the

medullary plate is completely folded up to form the neural tube. The widened



THE NATURE OF THE BRAIN. 513

part represents the rudiment of the encephalon or hrain ; and the rest of the tube

will become converted into the medulla spinalis.

If the attempt is made to analyse the meaning of the early broadening of the

brain rudiment it will be found to be due in great measure to the fact that there

is added to the margius of the medullary plate (see Fig. 442, E, p. 501) the material

from which the sensitive part of the eye and the optic nerve will be developed; Imt

soon after the neural tube is closed irregular swellings will make their appearance

around the attachments of the nerves of smell, vision, hearing, and taste (Fig. 454),

Optic tract Tectum inesencephali
r

I Ked nucleus

' / Tecto-spin.il tract

Rubro-spinal tract

HetathalamuR

Tlialannisv

^Brachium conjunctivum
^-- Lemniscus medialis

(ij» --'Lemniscus lateralis

Corpus striatum

,

rebral hemisphcn" /*

rebro-spinal
tract-'

Olfactory iiei\ c

.

Olfactory
epithelium

< indicates the place where a tract crosses the median plane.

Fio. 454.

—

Diagram representinq the connexions ok some important Sknsory and Motor Tracts
IN THE Brain to which references are made in pages 513 to 517. Motor paths in red ; sensory in other

colours.

and also the great vagus nerve that is widely distributed to the viscera of the neck,

thorax, and abdomen.
lUit there are other factors besides these irregularities of growth of its walls

which add complexity to the" form of the encephalon in the embryo. In the

course of their growth both parts (encephalon and medulla spinalis) of the neural

tube undergo great extensions in length, breadth, and thickness; but in the case

of the spinal medulla it is the increase in length that is most distinctive, whereas

in the encephalon, the irregular expansion in breadth and thickness is more
obtrusive. Nevertheless, the brain elongates more rapidly than that part of its

mesodermal capsule which ultimately becomes the brain-case or cranium ; and
hence it becomes bent to permit of its being packed in the limited length of the

cranial cavity. Hut if it is admitted that these mechanical considerations are

in a measure responsible for the three bends which develop in the embryonic

encephalon, their situation and the forms they assume are determined by the

irregularities of growth inherent in the brain itself.

34
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TELENCEPHALON

PROSENCEPHALON

Anterior
neurophore kj^.

HYPOTHALAMUS
.jS^

:^'^'

^^^

Upper limit of
-' '^rhombencephalon

Recessus /
'

infundibuli

Recessus mamillaris'

Cephalic flexure

Even at a time, during the second week, when the anterior (oral) end of the

neural tube is still open (neuroporus anterior), a right-angled bend has already

developed in the rudiment of the brain (cerebral vesicle). Slightly less than half

of the length of the vesicle had projected beyond the upper (anterior) end of the

.,.,..,„ , , notochord andbecame flexed
Anterior limit of mesencephalon .

ventrally round it (rig.
/ 455).

/ This bend is known as

the cephalic flexure. The
region of the brain vesicle

in which it develops will

later on become the mesen-

cephalon or mid-brain; and
even at the early stage of

development now under
consideration (Fig. 455)
there is a slight narrowing
of the tube (isthmus) that

marks the boundary be-

tween the mid-brain and
the rhombencephalon or

hind-brain. Just beyond
the end of the notochord

there is an even fainter

trace of a constriction in-

dicating the line of de-

marcation between the
mid-brain and the prosen-

cephalon or xore-brain.

Shortly after the appearance of the cephalic flexure a similar bending occurs
in the region where the encephalon becomes continuous with the medulla spinalis

(Fig. 456, A). This is the cervical flexure.

But at this stage, or even earlier (Fig. 456), there has been developing a third

bend which produces effects differing from those just mentioned. At the end of

the second week a slight bulging can be detected on the ventral side of the hind-

RHOMB-
ENCEPHALON.?i

Notochord - —

Fig.

Upper limit of
" spinal medulla

455.

—

Left Lateral Aspect of an Early Human Embryo
(after His's model, reversed).

CEPHALIC
FLl

^\0-8;^

CEREBRAL^ .

HEMISPHERE \
OPTIC VE5ICUE

A B

Fig. 456.—Two Stages in the Development of the Human Brain (after His).

A, Brain of an embryo of the third week. B, Brain of an embryo of five weeks.

brain (Fig. 455) : during the next four weeks this steadily becomes accentuated and
forms the pontine flexure. The convexity of the bend is directed ventrally,

differing in this respect from both of the other flexures. This difference in

direction has a profound influence upon the form which the hind-brain assumes.
If a plastic tube is bent a strain is thrown upon the wall in the concavity
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of the flexure. If this wall is strong and resisting, like the floor-plate of the
neural tube (in the cases of the cephalic and cervical flexures) the beuding does
not affect the outline of the tube (in section) very materially. But when the
strain is thrown upon the thin roof-plate during the development of the pontine
flexure it is not strong enough to resist; it becomes stretched and allows the
side walls of the neural tube to splay laterally in precisely the same manner as

occurs wlien a rubber tube is bent towards a side which has Ijeen split (or

weakened) longitudinally (Fig. 457). This mechanical factor determines the form
assumed by the hiud-brain at the end of the first month ; and gives its cavity,

the fourth ventricle, a lozenge or rhomboid form, when seen from its dorsal aspect

through the thin translucent roof. For this reason the hind-brain is known as

the rhombencephalon.

The rhombencephalon forms at first more than half of the encephalon, and as

it expands it appears to become marked off from the rest by a constriction (the

isthmus rhombencephali).

The development of the pontine

flexure subdivides the rhomben-
cephalon into two parts, one joined

to tlie spinal medulla, the myelen-

cephalon, and the other, joined to the

rest of the brain, the metencephalon.

In the myelencephalon develop

the nuclei of the nerves that regulate

the activities of the heart, lungs, and
a considerable part of the aUmentary
canal, and also the receptive nuclei

of the nerves of taste. It is known
as the medulla oblongata.

The insertion of the uervus

acusticus in the neighbourhood of

the outsplayed lateral angle of the

rhombencephalon leads to the pro-

found transformation of the meten-
cephalon. The nervus acusticus

conveys into the hind-brain impulses

which are stimulated by movements
of fluid in the closed sac developed

from the otic vesicle (Fig. 443, p. 501).

The truly acoustic function of this

apparatus is called into activity

when the movements of this fluid

are caused by waves of sound transmitted to it from the outside world. But

it is obvious that motion may also be set up in this fluid by changes in position

of the body itself; in other words, movements in the fluid of the otic vesicle

may stimulate nerves to convey to the brain information concerning the position

and movements of the body itself. A great mass of nerve-cells develops around

the insertion of the uervus acusticus (that part of it, however, which is called

vestibular and is not concerned with the function of hearing) to make use of

this information for the regulation of the movements of the body in balancing

or equilibration. To enable this terminal vestibular nucleus the better to

perform this function of equilibration, depending as it does upon the co-operation

and adjustment of the movements of vast numbers of widely separated muscles,

nerve tracts coming from muscles and skin areas of all parts of the body make
their way into this vestibular nucleus ; and it expands and forms a great

excrescence which is known as the cerebellum. And as this cerebellum has to

adjust the activities of all the muscles of the body it necessarily becomes the

great organ of muscular co-ordination, and as such it is made use of by those

parts of the brain which have to initiate and control complex actions such as

skilled movements. It will be shown in the subsequent account how the

34 a

Fig. 457.

—

Profile View of the Brain of a Human
Embryo of Ten Weeks (His).

The various cerebral nerves are indicated by numerals.

A, Cerebral diverticulum of hypophysis cerebri.

B, Buccal diverticulum of hypophysis cerebri.
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FORE

CEREBRI,

cerebellum becomes linked to the mesencephalon to co-ordinate the movements
of the body which are excited by this part of the encephalon ; and later how
it becomes associated with the prosencephalon, when the latter becomes respons-

ible for the acquisition and control of the most highly skilled actions. For
the latter purpose a great pathway of nerve -fibres is laid down to connect

the fore-brain with the cerebellum : the terminal stage of this connexion is

situated upon the ventral (anterior) aspect of the metencephalon in the form
of a great mass of transverse fibres. At one time these strands of nerve-fibres

were looked upon as a bridge between the two hemispheres of the cerebellum

:

hence the name pons was applied to them. This term is now apphed not only

to the fibres themselves,

but also to the upward
prolongation of the medulla
oblongata, to the surface of

which they are applied.

The subdivision of the

|5 rest of the encephalon into

mesencephalon and prosen-

cephalon develops later and
is less fundamental than
the primary demarcation

between them and the
rhombencephalon.

The visual apparatus is

connected with both the

mid-brain and the fore-

brain, but at first more
intimately with the former,

to which nerve pathways
are established to convey
from the spinal medulla
and medulla oblongata sen-

sory impressions of touch
and hearing. From the

alar laminae of the mesen-
cephalon there are developed

four little hillocks (col-

liculi)—corpora quadri-
gemina— to receive these

Fig. 458.—The Brain op a Human Embryo in the Fifth Week varied impressions and to
(from His). enable them to influence

A, Brain as seen in profile. B, Median section through the same brain, the actionS of the wliolc
M, Mamillary eminence

;
Tc Tuber cinereum ; Hp, Hypophysis ]yQ^j^ Special nervC paths

(hypophyseal diverticulnm from buccal cavity) ; Opt, Optic stalk
; i

• j j r i-x.
TH, Thalamus ; Tg, Tegmental part of mesencephalon ; Ps, ^^^ ^^^^ QOWn trom tfie

Hypothalamus
; Cs, Corpus striatum ; FM, Foramen inter- COrpOra quadrigemina (Fig.

ventricnlare
;
L Lamina terminalis

; RO, Recessus opticus; Ri, 454) to the Spinal medulla
Kecessus mfundibuli. ^

'^ . , 1 -i n

to enable the mid-brain to
control the motor nuclei of the muscles of the trunk and hmbs. These are called
the fasciculi tectospinales (tectum being a synonym for corpora quadrigemina). A
group of intercalated cells known as the nucleus ruber develops upon each side of the
mesencephalon for the purpose of establishing connexions between the cerebellum
and the mid-brain. When an impulse passes out of the mid-brain by the tecto-
spinal bundle to excite some movement of the body, the red nucleus provides
the link by which the cerebellum can co-ordinate the actions of the muscles
involved. By means of a fasciculus rubrospinalis it can bring its influence to bear
directly upon the nuclei of motor nerves in the brain and spinal medulla (Fig. 454).

The prosencephalon is at first, and in some of the lower fishes remains, the
most insignificant of the three brain vesicles, but in the human brain (as also in
that of most other vertebrates, though in varying degrees) a pair of enormous
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excrescences—the cerebral hemispheres—are budded off from it ; and they become
the dominant part of the nervous system (Fig. 458).

Each hemisphere is formed, however, from a relatively small part of the

side wall of the prosencephalon, the rest of which goes to form the optic

diverticula, the thalamus, and the hypothalamus, among other structures. The
cerebral hemisphere is at tirst pre-eminently olfactory in function, the nerves

of smell being inserted directly into it. But impressions of the associated sense

of taste make their way into the cerebral hemisphere in the most primitive

vertebrates : the gustatory nerves are inserted into the medulla oblongata, but

fibre-paths are laid down to establish connexions with the hypothalamus, which in

turn emits fibres to the cerebral hemisphere (Fig. 454). The thalamus is a greatly

swollen part of -the prosencephalic wall adjoining the mesencephalon. Its main
part receives sensory impressions brought up from the spinal medulla and the

terminal nuclei of the sensory cerebral ner^'es and transmits them to the cerebral

hemisphere. Its caudal portion becomes specialised as a special receptive nucleus

for visual and acoustic impressions for transmission to the cerebral hemisphere.

It is called the metathalamus or corpora geniculata. Thus the cerebral hemi-

sphere from being essentially a receptive organ for smell impressions ultimately

becomes the terminus of all the sensory paths, and the structure that is concerned

with the consciousness of all kinds of sensations. It also controls the voluntary

movements of one-half of the body and emits a great strand of fibres—pedunculus

cerebri—to establish relations with the cerebellum and all the motor nuclei on

the other side of the encephalon and spinal medulla (Fig. 454, p. 513).

MEDULLA SPINALIS.

The spinal medulla is that part of the central nervous

occupies the upper two-thirds of the vertebral canal. It is

cylindrical structure, slightly flattened in front

and behind, which extends from the margin of

the foramen magnum to the level of the inferior

border of the body of the first lumbar vertebra or

to the superior border of the body of the second

lumbar vertebra. Its average length in the male
is 45 cm. and in the female 43 cm.

Cervical swelling
of the spinal
medulla

Lumbar swelling
of the spinal
medulla

A considerable amount of variation within certain

limits (viz., the mid-point of the body of the last

thoracic vertebra and the superior border of the body
of the third lumbar vertebra) is observed in diiferent

individuals as to the precise level at which the spinal

medulla ends inferiorly, and in the female there

would appear to be a tendency for the medulla to

reach a slightly lower point in the canal than in the

male. Further, the relation presented by the spinal

medulla to the vertebral column differs in a marked
degree in the fojtus and infant at different periods of

development. Up to the third month of intra-uterine

life the spinal medulla occupies the entire length of

the vertebral canal ; it extends downwards to the

lowest limit of the vertebral canal. But from this time
onwards, as growth proceeds, the vertebral column
lengthens at a more rapid rate than the medulla. The
spinal medulla, therefore, has the appearance of shrink-

ing in an upward direction within its canal, and at

birth its inferior end is usually found to be opposite

the body of the third lumbar vertebra.

The attitude assumed by the individual affects to

a small degree the position of the inferior end of the

spinal medulla. Thus, when the trunk is bent well forwards, the terminal part of the
spinal medulla rises slightlv within its bony canal.
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At the margin of the foramen magnum the spinal medulla becomes continuous
with the medulla oblongata of the brain, whilst below, it tapers rapidly to a

point and forms a conical extremity termed the conus medullaris. From the end
of the conus medullaris a slender glistening thread is prolonged downwards within
the vertebral canal, and finally anchors the spinal medulla to the back of the coccyx.

This prolongation receives the name of the filum terminale.

The diameter of the spinal medulla is very much shorter than that of the
vertebral canal within which it lies. A wide interval is left between its surface

and the walls of its canal, and this excess of space is clearly a provision for

allowing free movement of the vertebral column without producing any jarring

contact between the delicate spinal medulla and the surrounding bones.

Three protective membranes are wrapped around the spinal medulla. Erom
within outwards these are termed (1) the pia mater, (2) the arachnoid, and (3) the

^ dura mater. The pia mater is a fibrous

membrane which forms the immediate
investment. It is closely applied to

the spinal medulla, and from its deepConus medullaris

Posterior lateral

srroove

Anterior uerve-root

Posterior nerve-root

Fig. 460.

—

Thk Con0S Mkdullakis and the
Filum Terminale exposed within the
Vertebral Canal.

Spinal ganglion

Anterior ramus
of spinal nerve

Posterior ramus
of spinal nerve

Fig. 461.

—

The Roots of Origin of the
Seventh Thoracic Nerve (semi-diagram-

matic).

surface numerous fine septa penetrate into the substance of the spinal medulla.

The arachnoid is an exceedingly dehcate transparent membrane which is loosely

wrapped around the spinal medulla so as to leave a considerable interval, between

itself and the pia mater, termed the subarachnoid space, in which there is always a

varying amount of cerebro-spinal fluid. Outside the arachnoid, the dura mater forms

a wide, dense, fibrous, tubular sheath, which extends downwards within the vertebral

canal for a considerable distance beyond the conical extremity of the spinal medulla.

The spinal medulla is suspended within its sheath or theca of dura mater by two
lateral wing-like ligaments, termed the ligamenta denticulata. These extend laterally

from the sides of the spinal medulla and are attached by a series of pointed or

tooth-like processes to the inner surface of the theca of dura mater. Between
the wall of the vertebral canal and the dura mater there is a narrow interval, wliich

is filled up by soft areolo- fatty tissue and numerous thin-walled veins arranged

in a plexiform manner.
Thirty-one pairs of spinal nerves arise from the sides of the spinal medulla.
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These are classified into eight cervical, twelve thoracic, five lumbar, five sacral, and
one coccygeal; and according to the attachments of these groups of nerves the

spinal medulla is arbitrarily subdivided into cervical, thoracic, lumbar, and sacral

regions. In employing these terms, therefore, for different districts of the spinal

medulla, it must be understood that the regions are determined by the nerve

attachments and not by any direct relationship between these parts of the spinal

medulla and the sections of the vertebral column which liear the same names.

Each spinal nerve is attached to the spinal medulla by an anterior or ventral

and a posterior or dorsal root, and as these are traced to their central attachments

they are seen to break up into a number of separate nerve fascicles or bundles, which

spread out, in some cases very widely from each other, as they approach the side of the

spinal medulla (Fig. 461). Each pair of nerves is therefore attached to a portion of

spinal medulla of some length, and such a portion, with its pair of nerves, receives the

name of a "segment of the spinal medulla." It must be clearly understood, how-

ever, that, in so far as the surface of the spinal medulla is concerned, there is no means

of marking off one segment from another except by the nerve attachments.

In the cervical and huabar regions uf the spinal medulla the nerve-roots are somewhat crowded

together, so that little or no interval is left between the adjoining root fila or fascicles of neigh-

bouring nerves. In the thoracic region, however, distinct intervals may be observed, and the root

fila are more loosely arranged. From
this, it will be evident that the seg-

ments in different parts of the spinal

medulla are not of equal length. In the

cervical region the segments measure about

12 mm. in length, in the thoracic region

from 20 to 24 mm., and in the lumbar
region about 10 mm. The number of fila

which attach the different nerve-roots to

the spinal medulla is very different in dif-

ferent nerves, and is not necessarily the

same in the same nerve-root in different

individuals.

Owing to the great difference

which exists between the length of

the spinal medulla and the length

of the vertebral column, the farther

we pass down the greater the dis-

tance becomes between the attach-

ment of the various nerve-roots to

the spinal medulla and the intervertebral foramina through wluch the corresponding

nerves leave the vertebral canal. The lower nerve-roots, therefore, have to traverse

the vertebral canal for a considerable distance before they reach their apertures of

emergence. It thus happens that the nerve-roots which spring from the lumbar and

sacral regions of the spinal medulla attain a very great length and descend vertically

in the lower part of the vertebral canal in a bunch or leash, in the midst of which

lie the conns medullaris and the filum termiuale. This great bundle of nerve-roots

receives the appropriate name of the cauda equina.

Enlargements of the Spinal Medulla.—Throughout the greater part of the

thoracic region, the spinal medulla presents a uniform girth and a very nearly

circular outline when seen in transverse section. In the cervical and lumbar

regions, however, it shows marked swellings. The intumescentia cervicalis or

cervical enlargement is the more evident of the two. It begins very gradually at

the upper end of the spinal medulla, attains its greatest breadth (12 to 14 mm.)
opposite the fifth or sixth cervical vertebra, and finally subsides opposite the

second thoracic vertebra. To this portion of the spinal medulla are attached the

great nerves which supply the upper limbs. The intumescentia limibalis or lumbar

enlargement begins at the level of the tenth thoracic vertebra, and acquires its

maximum transverse diameter (11 to 13 mm.) opposite the last thoracic vertebra.

Below, it rapidly tapers away into the conus medullaris. To the lumbar enlarge-

ment are attached the great nerves of the lower limbs.
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These enlargements of the spinal medulla are associated with the outgrowth of the

limbs. In the earlier developmental stages of the spinal medulla they are not present,

and they take form only as the limbs become developed. In different animals their size

corresponds with the degree of development of the limbs. Thus, in the long-armed orang
and gibbon the cervical swelling stands out with a remarkable degree of prominence.

Development of the Spinal Medulla.—The early stages of the process by
which the originally simple epithelial neural tube becomes converted into the

central nervous system have already been considered. It remains to be explained
how the features specially distinctive of the spinal medulla are produced.

In the early stages of the development of the spinal medulla (Fig. 463), the

neuroblasts are found to be scattered in the intermediate of the three bands of

Posterior nerve
roob

Fig. 46.3.

—

Diagram of Transverse Section of the left half of Early Neural Tube.

which the thick side wall of the neural tube is composed—the mantle layer.

These primitive nerve-cells soon congregate in much larger numbers in the ventral

part of the basal lamina (Fig. 464), so that the mantle layer expands there into

a broad excrescence, which is the rudiment of the columna anterior or anterior

cornu of gray matter. This anterior column contains the efferent or motor nerve-

cells, the axons of which emerge as the anterior root of a spinal nerve. At this

stage the rest of the mantle layer consists of a thin stratum of neuroblasts (Fig. 463),

mainly intercalated cells, which receive the sensory impressions entering the

spinal medulla through the radix posterior, and transmit impulses into axons
passing (a) to the motor nuclei, (&) to the other side of the spinal medulla
through the floor-plate (Fig. 463), or (c) into the superficial stratum (peripheral

layer) of the spinal medulla where they bend upwards or downwards as constituent

elements of the funiculi (or white columns). As development proceeds (Fig. 463)
the substantia grisea (gray substance) formed of these intercalated cells becomes
much more abundant and forms a broad blunt boss (Figs. 464, B and C), which is

the rudiment of the columna posterior (O.T. posterior cornu).

The surfaces of these gray columns become coated with a layer of white sub-
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stance, composed at first mainly of the axons

intercalated cells in the spinal medulla ; and
as these funiculi increase in size they help

to mould the form of the gray coluums.

This is displayed best in the case of the

posterior column (O/J'. posterior cornu). The
major portion of the white substance, funiculus

posterior, which accumulates behind (and after-

warils lies on the medial side of) the posterior

column, does not consist of libres springinj^

from intercalated cells, either of the spinal

medulla or any other part of the central

nervous system, but of the direct continua-

tions of the central processes of the cells in the

spinal ganglion on the posterior root (Figs. 463
and 464). A large proportion of the fibres of

the posterior root do not enter the gray
columns imniediately after their insertion into

the alar lamina, but bifurcate to form two
vertical nerve-fibres, one passing upwards, and
the other downwards, in the funiculus posterior

before they end in the gray column, some
distance above or below the place where they

gained admission to the medulla spinalis. As
the spinal medulla grows, the originally blunt

posterior column becomes drawn backwards
into an increasingly attenuated process, and the

funiculus posterior, which was placed originally

upon its lateral surface (Fig. 464, A), and then

upon its posterior surface (Fig. 464, B), gradually

assumes a wedge-shaped form (Figs. 464, C, and
466), upon the medial side of the gray matter.

Development of the Anterior Median
Fissure, Posterior Median Septum, and of
the Central Canal.—As the anterior columns
of gray matter and the anterior funiculi of

white matter increase in size, the anterior

surface of the spinal medulla, on each side

of the median plane, bulges forwards, and the

fissura mediana anterior (Fig. 464, A, B, and C)
is produced as the natural result.

There has been considerable discussion as

to the mode of formation of the posterior median
septum ; but there is now no doubt as to the

essential facts. Early in the third month the

walls of the posterior three - fourths (of the

sagittal extent) of the central canal of the spinal

medulla become approximated (Fig. 464), and
later they fuse to obliterate that part of the

canal. But the part of the septum thus formed
is only an insignificant portion of the whole.

For most of the septum is produced by the

gradual elongation of the epithelial cells lining

the remnant of the central canal as the fibre-

masses of the posterior funiculi expand and
separate the posterior surface of the spinal

medulla further and further from the situation

of the canal (see Fig. 453, p. 511).

Furrows of the Spinal Medulla.—When

of cells in the root ganglia and

Ki.ot-plal.!

^^^^tiv^ Alar l.iiiiiiia

Eurly po.slerior

fiiiiicui\iH

Kiinicular

Mid-ventral liiiiiiiia

A

Uaxal
laijiiria

Auti'rior

iiervH-root

Anterior
funii-iilus

Fasciculus gracilis

Fasciculus cunoatus

Postcriiir median
septum

Posterior

iSx- column

Ai.tt'iioi nerve-root

Anterior funiculus

Fasciculus irracilis

Fasciculus cuneatus
Posterior median septum

I'usterior column

l'(jsterior root

Ependyma

Anterior
column

Anterior mi'dian
lissuri'

.\nterior root

.\nterior Timiculus

Fi(!. 464.

—

Three Stages ix the Develop-
ment OF the Spinal Medulla (His).

cross-sections of the adult spinal



522 THE NEEVOUS SYSTEM.
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medulla are made, it is seen to be a bilateral structure which is partially subdivided

into a right and a left half by a median cleft (fissura

mediana anterior) in front and a septum (septum niedianum
posterius) behind. The anterior median fissure penetrates

only for a distance corresponding to somewhat less than
a third of the antero-posterior diameter of the spinal

medulla. The pia mater dips down into it and forms a

fold or reduplication within it. The posterior median
septum in the cervical and thoracic regions penetrates into

the spinal medulla until it reaches a point somewhat
beyond its centre. It is extremely narrow, and consists of

ependymal and neuroghal elements, and is intimately con-

nected with the adjacent sides of the two halves of the

spinal medulla, between which it intervenes. The pia

mater, which invests the surface of the spinal medulla,

passes continuously over the posterior median septum
and sends no prolongation of any kind into it. In the

lumbar region of the spinal medulla the septum becomes
shallower, whilst the anterior median fissure deepens, and
ultimately in the inferior part of the spinal medulla the

fissure and septum present a very nearly equal depth.

The two halves of the spinal medulla may show
trifling differences in the arrangement of the parts which
compose them ; but to all intents and purposes they are

symmetrical. They are joined together by a more or less

broad band or commissure, which intervenes between the

median fissure and the septum.

An inspection of the surface of each half of the spinal

medulla brings into view a longitudinal groove or furrow,

at some little distance from the posterior median septum,

which extends along the whole length of the spinal medulla.

Along the bottom of this groove the fila of the posterior

nerve-roots enter the spinal medulla in accurate linear

order. It is called the sulcus lateralis posterior. There

is no corresponding furrow on the anterior part of each

half of the spinal medulla in connexion with the emergence

of the fila of the anterior nerve-roots. These fila emerge
irregularly over a broad strip of the surface of the spinal

medulla, which corresponds in its width to the thickness

of the subjacent anterior surface of the anterior column of

gray matter.

The sulcus lateralis posterior subdivides each half of

the spinal medulla into a small funiculus posterior and a

much larger antero-lateral funiculus, and it is customary

to map the latter arbitrarily off into a funiculus lateralis

and a funiculus anterior by a line corresponding to the

emergence of the most lateral of the fila or fascicles of the

anterior nerve-roots.

In the cervical region a distinct longitudinal groove

may be observed on the surface of the posterior funiculus.

It is placed rather nearer to the posterior median septum

than to the posterior lateral sulcus, and as it is traced

down into the thoracic region it gradually becomes in-

distinct and finally disappears. This is called the sulcus

intennedius posterior, and it marks on the surface the

position of a septum of pia mater which dips into the

spinal medulla and subdivides the posterior funiculus into a lateral part, termed

the fasciculus cuneatus (O.T. column of Burdach), and a medial portion, which receives

the name of the fasciculus gracilis (O.T. column of GoU).

Lumbar swellinj;

-THVx

-THVxii

Fig. 46.5.

—

Diagram of the
Spinal Mbdulla as seen
from behind.

CVi shows the level of the 1st
cervical vertebra ; CVv of the
5th cervical vertebra ; THVii
iif the 2nd thoracic vertebra ;

THVx of the 10th thoracic
vertebra ; THVxii of the 12th
llioracic vertebra ; LVii of the
2nd lumbar vertebra.
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Internal Structure of the Spinal Medulla.

The spinal medulla is composed of a central core of gray matter thickly coated
on the outside by white matter. At only one spot does the gray matter come close

to the surface, viz., at the bottom of the sulcus lateralis posterior.

Gray Matter of the Spinal Medulla.—The gray matter in the interior of the
spinal mt'duUa has the form of a Huled column, but it is customary to describe it

as it appears in transverse sections. It then presents the appearance of the
capital letter H. In each half of the spinal medulla there is a semilunar or

crescentic mass, shaped somewhat like a comma, the concavity of whicli is directed

laterally and the convexity medially. The two cresceuts of opposite sides are con-
nected across the median plane by a transverse band, which receives the name of

the commissura grisea (gray commissure). The posterior mediau septum extends
forwards in the spinal medulla until it reaches the gray commissure. The bottom
of the anterior median fissure, however, is separated from it by an intervening
strip of white matter, which is termed the commissura anterior alba, or anterior

white commissure. In the gray commissure may be seen the central canal of

the spinal medulla (canalis centralis), which tunnels the entire length of the
spinal medulla and is just

visible to the naked eye as

a minute speck. The por-

tion of the gray commis-
sure which lies behind the

central canal is called

the commissura posterior;

whilst the portion in front

receives the name of the

commissura anterior grisea.

Each crescentic mass of

gray matter presents cer-

tain well - defined parts.

The projecting portions

which extend behind and
in front of the connecting
transverse graycommissure
are termed respectively the

posterior and the anterior columns of gray matter (columnae griseae). These stand

out in marked contrast to each other. In section the columna anterior is short,

thick, and very blunt at its extremity. Further, its extremity falls considerably

short of the surface of the spinal medulla and is separated from it by a moderately
thick coating of white matter. Through this the fila of the anterior nerve-roots,

as they emerge from the gray matter of the anterior column, pass on their way to

the surface. Throughout the greater part of the spinal medulla the columna posterior

(O.T. posterior comu) is elongated and narrow, and is drawn out to a fine point, which
almost reaches the bottom of the posterior lateral sulcus. This pointed extremity

receives the name of the apex columnae posterioris ; the slightly swollen part which
succeeds it is the caput columnae ; whilst the slightly constricted part adjoining

the gray commissure goes under the name of the cervix columnae posterioris.

The apex or tip of the posterior column ditlers considerably in appearance from

the general mass of the gray matter. It is composed of a material which presents

a lighter hue and has a somewhat translucent look. It is called the substantia

gelatinosa [Rolandi], and, when seen in transverse section, it exhibits a V-shaped

outline and fits on the posterior column like a cap.

A pointed and prominent triangular projection juts out from the lateral

aspect of the gray matter nearly opposite the gray commissure. This is the columna

lateralis (O.T. lateral comu), and it is best marked in the upper thoracic region

(Fig. 467, B). Traced upwards it becomes absorbed in the greatly expanded anterior

column of the cervical swelling, but it reappears again in the upper part of the

spinal medulla, and is particularly noticeable in the second and third cervical

Accessory
nerve- root

Anterior
nerve-root

Anterior funiculus

Fig. 466.

—

Transverse Section through the Superior Part of the
Cervical Region of the Spinal Medulla of an Orang.
(From a .specuneu prepared by the Weigert-Pal method, by which
the white matter is rendered dark whilst the gray matter is bleached.)
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segments ; followed iu a downward direction it blends with the anterior column in

the lumbar swelling and contributes to the thickening of that column.

The gray matter is for the most part mapped offfrom the surrounding white matter

with a considerable degree of sharpness ; but in the cervical region, on the lateral

aspect of the crescentic mass and in the angle between the anterior and posterior

columns, fine bands of gray matter penetrate the white matter, and, joining with each

other, form a network, the meshes of which enclose small islands of white matter.

This constitutes wliat is called the formatio reticularis. Although best marked
in the cervical region, traces of the same reticular formation may be detected

in lower segments of the spinal medulla:

Characters presented by the Gray Matter in Different Regions of the

Spinal Medulla.—The gray matter is not present in equal quantity nor does it

exhibit the same form in all regions of the spinal medulla. Indeed, each segment
presents its own special characters in both of these respects. It is not necessary,

however, in the present instance, to enter into this matter with any degree of

minute detail. It will be sufficient if the broad distinctions which are evident in

the different regions are pointed out.

It may be regarded as a general law that, wherever there is an increase in the

size of the nerves attached to a particular part of the spinal medulla, a correspond-

ing increase in the amount of gray matter will be observed. It follows from this

that the regions where the gray matter bulks most largely are the lumbar and
the cervical swellings. The great nerve-roots which go to form' the nerves of the

large limb-plexuses enter and pass out from those portions of the spinal medulla.

In the thoracic region there is a reduction in the quantity of gray matter in

correspondence with the smaller size of the thoracic nerves.

In the thoracic region (Fig. 467, B) both columns of gray matter are narrow,

although the distinction between the anterior column and the still more attenuated

posterior column is sufficiently manifest. In this region the lateral column of

gray matter also is characteristic, and the substantia gelatinosa in transverse

section is pointed and spear-shaped.

In the upper three segments of the cervical region the anterior columns of gray

matter are not large and they resemble the corresponding columns in the thoracic

region. A lateral column also is present. But in these segments (and more especi-

ally in the first and second) there is a marked attenuation of the neck of the

posterior column; and the posterior commissure is very broad.

In the cervical swelling the contrast between the two columns is most striking

;

the anterior column is of great size and presents a very broad surface towards the

anterior aspect of the spinal medulla, whilst the posterior column remains narrow.

This great increase in the bulk of the anterior column is due to a marked addition

of gray matter on the lateral side of the column, and seeing that this additional

matter is traversed by a greater number of fibres, it stands out, in well-prepared

specimens, more or less distinctly from the part of the column which lies to the

medial side, and which may be considered to represent the entire anterior column
in the thoracic and upper cervical segments. Within this lateral addition to the

anterior column are placed those collections of ceUs which constitute the nuclei of

origin of the motor nerves of the muscles of the upper limb. The characteristic

thickening of the anterior column of gray matter is evident, therefore, in those

segments of the spinal medulla to which the nerves which enter the brachial plexus

are attached, viz., the lower five cervical segments and the first thoracic segment.

In the lumbar swelling the anterior columns again broaden out, and for the same
reason as in the case of the corresponding columns in the cervical swelling. The
nuclear masses which contain the cells from which the motor fibres which supply

the muscles of the lower limbs take origin are added to the lateral aspect of the

columns and give them a very characteristic appearance. In this region of the

spinal medulla, however, the posterior columns also are broad and are capped
by substantia gelatinosa which in transverse section presents a semilunar outline.

There is consequently no difficulty in distinguishing, from an inspection of the

gray matter alone, between transverse sections of the spinal medulla taken from
the cervical and lumbar swellings of the spinal medulla.
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111 the lower part of the conus medullaris the gray matter in each half of
the spinal medulla assumes the ioriii of an (jval mass joined to its fellow of the
opposite side by a thick gray commissure. Here, almost the entire bulk of the
spinal medulla consists of gray matter, seeing that the wliite matter is reduced to
such an cxlnit that it furnis 'Hily a thin coating on the outside.

White Matter of the Spinal Medulla.—In transverse sections of the spinal
medulla the three funiculi into which the white matter is subdivided become very
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—

Section through each ok the Four Regions ok the Medulla Spinalis. (From specimens

prepared by the Weigert-Pal method ; therefore the white matter is rendered dark in colour whilst the

gray matter is bleached.)

apparent. The posterior fimiculus is wedge-shaped, and lies between the posterior

median septum and the posterior column of gray matter. The lateral funiculus

occupies the concavity of the gray crescent. Behind, it is bounded by the posterior

column of gray matter and the sulcus lateralis posterior, whilst in front it extends

as far as the most lateral fasciculi of the anterior nerve-roots as they pass out from

the anterior column. The anterior funiculus includes the white matter between the

^.nterior median lissure and the anterior column of gray matter, and also the white
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matter which separates the broad extremity of the anterior column from the sur-

face of the spinal medulla. This latter portion of the anterior funiculus is

traversed by the emerging lila of the anterior nerve-roots.

In cross-sections of the spinal medulla the partition of pia mater, which dips in

at the sulcus intermedins posterior and divides the posterior funiculus into the

medial fasciculus gracilis and the lateral fasciculus cuneatus, is very strongly marked
in the cervical regions, but as it is traced downwards into the thoracic region it

becomes shorter and fainter, and finally disappears altogether at the level of the

eighth thoracic nerve. Below this point there is no visible demarcation of the

posterior funiculus into two parts.

The white matter is not present in equal quantity throughout the entire length

of the spinal medulla. It increases steadily from below upwards, and this increase is

most noticeable in the lateral and posterior funiculi. In the lower part of the conus

medullaris the amount of gray matter is actually greater than that of the white

matter : but very soon this state of affairs is changed, and in the lumbar region the

proportion of gray to white matter is approximately as 1:21; in the thoracic region

as 1 : 5 ; and in the cervical region as 1 : 5*1. When it is remembered how the gray

matter expands in the lumbar and cervical regions, and how greatly it becomes reduced

in the thoracic region, the significance of these figures will become more apparent.

Canalis Centralis.—As previously, stated, the central canal is found in the

gray commissure. It is a very minute tunnel, barely visible to the naked eye

when seen in transverse section, and it traverses the entire length of the spinal

medulla. Above, it passes into the medulla oblongata, and finally opens into the

fourth ventricle of the brain ; below, it is continued for a variable distance into

the filum terminale, and in this it ends blindly. Only in the lumbar region does

the centra] canal occupy the centre of the spinal medulla. Above this level,

in the thoracic and cervical regions, it lies much nearer the anterior than

the posterior aspect of the spinal medulla; whilst below the lumbar region, as

it is traced down into the conus medullaris, it inclines backwards and , approaches

the posterior aspect of the spinal medulla. The calibre of the canal also varies

somewhat in different parts of the spinal medulla. It is narrowest in the thoracic

region ; and in the lower part of the conus medullaris it expands into a distinct

fusiform dilatation (very nearly 1 mm. in transverse diameter), which is termed

the ventriculus terminalis (Krause).

The central canal is lined with a layer of ciliated columnar cells, the deep taper-

ing ends of which are prolonged into slender processes which penetrate into the

substance of the spinal medulla. These cells constitute the lining ependymal cells

of the canal. The cilia of the epithelial cells are very early lost, and it is not un-

common to find the canal blocked up by epithelial debris.

The central canal is of interest because it represents in the adult the relatively

wide lumen of the early ectodermal neural tube from which the spinal medulla

is developed.

Filum Terminale.—The delicate thread to which this name is applied is con-

tinuous with the inferior tapered end of the conus medullaris. It is easily distin-

guished, by its silvery and glistening appearance, from the numerous long nerve-roots

(Cauda equina) amidst which it lies. It is about six inches long, and down to the

level of the second sacral vertebra it is enclosed with the surrounding nerve-roots

within the dura mater. Below this point the dura mater is applied directly to

the surface of the filum terminale and is called filum durse matris spinalis. The filum

terminale proceeds downwards in the sacral canal, and finally receives attachment to

the periosteum on the posterioraspect of thecoccyx (Fig. 460, p. 518). It is customary

to speak of the filum as consisting of two parts, viz., the filum terminale internum and
the filum terminale externum, or the part inside and the part outside the tube of

dura mater.

The filum terminale externum is simply a fibrous thread, strengthened by the pro-

longation it receives from the dura mater. The filum terminale internum is composed

largely of pia mater; but in its superior half it encloses the terminal part of the central

canal, and around this a variable amount of the gray substance of the spinal medulla

is prolonged downwards into the filum. When transverse sections are made through
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the superior part of the tilum terminale internum some bundles of medullated
nerve-tibres are observed clinging to its sides, and with these are associated some
nerve-cells identical with those in the spinal ganglia. These represent rudimentary
or aborted caudal nerves (Rauber).

Summary of the Chief Characters presented uy the Spinal Medulla
IN ITS Different Regions.

Cervical Region.

In transverse section, out-

line of spinal medulla
transversely oval ; in

the middle of the

cervical swelling the

transverse diameter

being nearly one-third

longer than the antero-

posterior diameter.

Fostero - median sep-

tum very dee]*, extend-

ing beyond the centre

of the spinal medulla ;

antero - median fis-

sure shallow.

Thoracic Region.

In transverse sectitin,

outline of spinal

medulla more nearly

circular ; but still the

transverse diameter is

greater than the
antero -posterior dia-

meter.

Postero - median sep-

tum very deep, extend-

ing beyond centre of

the spinal medulla:

antero - median fis-

sure sliallow.

Lumbar Region.

In transverse section,

outline of spinal
medulla more nearly

circular than in

thoracic region.

Postero - median sep-

tum not nearly so deep
as in regions above :

antero - median fis-

sure, on the other

hand, much deeper.

Sacral Re>;iun.

In transverse section,

outline of spinal

medulla, nearly circu-

lar, but still some-
what conijjressed from
before backwards.

Postero - median sep-

tum and antero-

median fissure of

equal depth.

Gray matter greatly in-

creased in quantity in

the cervical swelling :

anterior column thick

and massive
;
posterior

column slender in

comparison. Lateral

column evident only

above the level of the

fourth cervical nerve.

Processus reticularis

strongly marked.

White matter in great

quantity, and especi-

ally massed in the

lateral and posterior

funiculi.

Sulcus intermedins
posterior and corre-

sponding sej)tum well

markeil.

Gray matter greatly

reduced in quantity.

Both columns slender.

Lateral column well

marked. Processus
reticularis scarcely ap-

parent.

White matter less

in quantity than in

cervical region, but

bulking largely in

comparison with the

quantity of gray
matter.

Gray matter greatly in-

creased in the lumbar
swelling. Both
columns very thick

and massive. Lateral

column absorbed in

anterior column. Pro-

cessus reticularis ab-

sent.

Sulcus intermedins
posterior absent ; but

the corresponding sep-

tum can be traced as

low down as the eighth

thoracic nerve.

White matter small in

quantity compared
with higher regions,

and verj- small in

amount in relation to

increased quantity of

gray matter.

No sulcus intermedius
posterior or corre-

sponding septum.

Both columns of g^ay
matter very thick and
massive. Lateral
column apparent. No
processus reticularis.

White matter very
j

small in quantity in

comparison with the :

gray matter.

No sulcus intermedius
posterior and no

corresponding septum.

Central canal consider-

ably nearer the anterior

surface than the pos-

terior surface of the

spinal medulla.

Central canal consider-

ably nearer the anterior

surface than the pos-

terior surface of the

spinal medulla.

Central canal in the Central canal iu the

centre of the spinal centre of the spinal

medulla. medulla.

Component Parts of the Gray Matter of the Spinal Medulla.

Neuroglia enters largely into the constitution of the gray matter of the spinal

medulla. It forms a bed within which the nervous elements are distributed.

These nervous elements consist of (1) nerve -cells and (2) nerve -fibres—both

medullated and non- medullated. The nerve -cells lie in small spaces in the
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neuroglia, whilst the nerve -fibres traverse tine passages the walls of which are

formed of the same substance. The neuroglia is thus an all-pervading basis sub-
stance which isolates the nervous elements one from the other more or less com-
pletely, and at the same time binds them together into a consistent solid mass.
In two situations the gray matter presents peculiar features, viz., the apex of the
posterior column and the tissue surrounding the central canal. In both situations

the gray matter stains more deeply with carmine and presents a more translucent

appearance ; in other respects the substantia grisea centralis and the substantia

gelatinosa are very different.

The substantia grisea centralis forms a thick ring around the central canal.

It is traversed by the fine processes which proceed from the deep ends of the

ependymal cells which line the canal. It is composed almost entirely of neuroglia.

In transverse sections of the spinal medulla the substantia gelatinosa, in the
cervical and thoracic regions, presents the appearance of a V-shaped mass,
embracing the extremity of the posterior column of gray matter ; in the lumbar
region this cap assumes a semilunar outline.

In the substantia gelatinosa the neuroglia is present in small quantity, and
small nerve-cells are developed within it in considerable numbers.

Nerve-Cells.—The nerve-cells are scattered plentifully throughout the gray
matter, but perhaps not in such great numbers as might be expected when we note

the enormous number of nerve-fibres with which they stand in relation. They are

all, without exception, multipolar, and send off from their various aspects several

branching protoplasmic processes or dendrites, and one axon, which becomes the

axis-cylinder of a nerve-fibre. In size they vary considerably, and as a rule (to

which, however, there are many exceptions) the bulk of a nerve-cell has a more
or less definite relation to the length of the axis-cylinder which proceeds from it.

When the nerve-celLs are studied in a series of transverse sections of the spinal

medulla, it will be noticed that a large proportion of them are grouped in clusters in

certain districts of the gray matter; and as these groups are seen in very much the

same position in successive sections, it is clear that these cells are arranged in longi-

tudinal columns of greater or less length. Thus we recognise—-(1) a ventral group
or column of cells in the anterior column of gray matter; (2) an intermedio-lateral

group or column in the lateral column of gray matter, where this exists ; and (3) a

posterior vesicular column of cells (nucleus dorsalis), forming a most conspicuous
group in the medial part of the neck of the posterior column in the thoracic

region of the spiual medulla.

Other cells, besides those forming these columns, are scattered somewhat irregu-

larly throughout the gray matter of the posterior column and the part of the gray
crescent which lies between the two columns ; and although these also in some
measure may be classified into groups, the arrangement thus effected is not of so

definite a character as to justify us in dwelling upon it in the present instance.

Ventral Cell-Column and the Origin of the Fibres of the Anterior Nerve-
roots.—The ventral cell-group occupies the anterior col imn of gray matter, and in

it are found the largest and most conspicuous cells in the spinal medulla. It

extends from one end of the spinal medulla to the other. These ventral nerve-cells

have numerous wide-spreading dendritic processes, and it is to be noticed that

certain of these dendrites do not confine their ramifications to the gray matter.
Thus, some of the cells along the medial border of the anterior column of gray
matter send dendrites across the median plane in the anterior commissure to end
in the anterior gray column of the opposite side ; whilst others, lying along the
lateral margin of the anterior column of gray matter, send dendrites in amongst
the nerve- fibres of the adjoining white matter.

The axons or axis-cylinder processes of a large proportion of the ventral cells con-
verge together ; and, becoming medullated, they form bundles which pass out from
the gray matter, and through the white matter which separates the thick end of

the anterior column from the surface of the spinal medulla, to emerge finally as

the fila of the anterior nerve-roots. These cells, then, are the sources from which
the nerve- fibres of the anterior nerve-roots proceed, and in consequence they are
frequently spoken of as the " motor cells " of the spinal medulla. Whilst this is



THE GEAY MATTER OF THE SPINAL MEDULLA. 529

the arrangement of the axons of the great majority of the motor cells, it should be

noted that a few cross the median plane in the anterior white commissure and
emerge in the fila of origin of the opposite anterior nerve-root.

The ventral cells are not scattered uniformly throughout the anterior cohunu of gray

matter. They are aggregated more closely together in certain parts of the anterior column,

and thus form sub-groups or columns more or less perfectly marked off from each other.

Thus, one sub-group or column of ventral cells occupies the medial part of the anterior

colunm of gray matter throughout almost its whole length. In only two segments of the

medulla is it absent, viz., the fifth lumbar and the first sacral ; at this level in the spinal

medulla alone is its continuity broken (Bruce). It is termed the anteromedian column or

group of ventral cells. Behind this cell-column there is another classed with it to which

the name of posterq^nedian column or group is given, but this column of cells is not con-

tinuous throughout the entire length of the medulla. It is present in the thoracic region of

the spinal medulla, where the motor nuclei for the muscles of the limbs are absent ; and
it is seen also in two or three of the segments of the cervical region and in the first

lumbar segment (Bruce) ; elsewhere it is not represented.

In the cervical and lumbar swellings of the medulla, where the marked lateral out-

Posterior lateral furrow

"' ^^ Posterior column of

gray matter

Posterior median septum

Gray comnii.ssure

Postero-lateral

motor cells

Anterior median
fissure

Antero-median group
of motor cells

Aiitero-lateral

group of motor cells

Fig. 468.

—

Section through the Fifth Cervicai, Segment of the Spinal Medulla.

(To a large exteut founded on Plates in Dr. Bruce's Atlas.)

growth is added to the lateral side of the anterior column of gray matter, certain groups of

large multipolar cells are visible. These are the nuclei of origin of the motor-fibres which

supply the muscles of the limbs, and consequently they are not represented in the upper

three cervical segments of the spinal medulla ; nor in any of the thoracic segments, with

the exception of the first thoracic segment ; nor in the lowest two sacral segments.

These lateral cells are arranged in several columns, which extend for varying distances

in the superadded lateral parts of the anterior column of gray matter. The two main

columns are an antero-lateral and a postero-lateral column ; in certain segments there is

likewise a retro-postero-lateral column, and in a number of segments in the lumbar and sacral

regions a central colmnii of cells (Bruce).

There cannot be a doubt that the grouping of the motor cells in the anterior column of

gray matter of the medulla stands in relation to the muscle groups to which their axis-cylinder

processes are distributed ; but from what has been said it will be apparent that sharply

defined cell-clusters associated with particular muscles do not exist. Still, much can be

learned regarding the localisation of the motor nuclei in the anterior column of gray

matter of the medulla from the study of the changes which occur in the cell-columns after

atrophy of isolated muscles or groups of muscles, and after complete or partial amputa-

tions of limbs. It has been pointed out that the long muscles of the trunk (as, for

example, the different parts of the sacro-spinalis muscle) receive nerve-fibres from all the

35
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Posterior column
gray matter

segments of the spinal medulla. Now, we have noted that there is only one cell-column,

the ventro-median column, which pursues an almost uninterrupted course throughout the

entire length of the medulla.

Posterior lateral furrow It may be assumed, therefore,

that the nerve-fibres which go

to these long trunk -muscles

take origin in these medial

cells.

Edinger states that in the

anterior column of gray matter

the nuclei of origin of the nerves

which supply the proximal mus-
cles are medially placed ; that

those for the distal muscles are

in general situated laterally.

If this is the case, the cells

connected with the shoulder

muscles will lie nearer the

middle of the anterior column
of gray matter than those which
are connected with the hand-

muscles. In cases where the

forearm and hand, or the leg

and the foot, are amputated, it

would appear that it is the pos-

tero-lateral column of cells that shows changes in consequence of its separation from the

muscles to which its fibres are distributed.^

Posterior median
septum

Nucleus dorsal is

Gray commissure

Anterior median
fissure

Antero-medial group
of motor cells

Intermedio-lateral
column of cells

Postero-medial group
of motor cells

Fig. 469.

—

Section through the Eighth Thoracic Segment of the
Spinal Medulla. (To a large extent founded on Plates in

Dr. Bruce's Atlas.)

Posterior median
septum

Posterior lateral furrow

Posterior column of

matter

Intermedio-lateral Cell-column.—The intermedio-lateral cells form a long slender

column which extends throughout the entire thoracic region of the medulla in the

lateral column of gray

matter. It is also pro-

longed downvi^ards into

the first and second lum-
bar segments, where it dis-

appears. In transverse sec-

tions through the spinal

medulla this cell -group

presents a very character-

istic appearance, because

the cells which compose
it are small and are closely

packed together. Al-
though these cells, as a

continuous column, are

restricted to the region

indicated, it should be

noted that the same group

of cells reappears above,

in certain of the cervical

segments, and also in the

third and fourth sacral

segments. From these

cells very fine fibres arise

and leave the spinal

medulla, intermingled
with the motor fibres of

the anterior nerve-roots ; they pass into the sympathetic ganglia, of which they

' Those who seek further information regarding the grouping of the ventral cells of the medulla may
with advantage study Dr. Alexander Bruce's Atlas of the Spiiml Cord.

Anterior median
fissure

Postero-Iateral group

Antero-medial
group of cells

Fig. 470.

—

Section through the Third Lumbar Segment of the
Si'iNAL Medulla to show the oroui-ing of the Motor Cells,

(To a large extent founded on Plates in Dr. Bruce's Atlas.)
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Posterior-
median spiitnin

Gray commis-
sure

Anterior median
fissure

Posterior-lateral furrow-

Posterior column of
gray matter

Retro-ijostero-
lateral group
of cells

constitute the white rami coinmunicantes. They represent the splanchnic efferent

fibres of the medulla spinalis.

Nucleus Dorsalis (O.T. Clarke's Column).—This occupies the posterior column
of gray matter and is the most conspicuous of all the cell-groups in the medulla.
It does not, however, extend along the whole length of the medulla ; indeed it is

almost entirely confined to the " dorsal " region, which is the rea.son for the
designation "nucleus dorsalis." (When, in the recent revision of nomenclature,
the term "thoracic" was substituted for "dorsal" the revisers omitted to change
the name of this structure to " thoracic "). Above, it begins opposite the seventh or
eighth cervical nerve, whilst below, it may be traced to the level of the second
lumbar nerve, where it disappears. In transverse section of the medulla it presents
an oval outline, and is seen in the median part of the cervix of the posterior column
of gray matter, immediately behind the gray commissure (Fig. 469, p. 530). On
the lateral side it is circumscribed by niimerous curved fibres from the entering
posterior nerve-root, and in the lower thoracic region of the spinal medulla
(opposite the eleventh and
twelfth thoracic nerves)

it becomes so marked that

it forms a bul^fing on the

median aspect of the pos-

terior gray column.

The cellaof the nucleus

dorsalis are large, and pos-

sess several dendritic pro-

cesses. The axons enter

the lateral funiculus of

white matter and there

form a strand of fibres,

which will be described

later under the name
of the fasciculus spino-

cerebellaris (tvnmgly called

" cerebellospinalis " in the

B.KA.).
Nerve -fibres in the

Gray Matter of the

Medulla Spinalis.

—

Nerve-fibres of both the

medullated and the non-
medullated variety per-

vade every part of the

gray matter. They are of three kinds, viz., (1) collaterals, (2) terminations of nerve-

fibres, (3) axons given off by the cells. Many of the nerve-fibres which compose

the funiculi of the medulla give off numerous fine collateral branches, which pass

into the gray matter from all sides and finally end in relation with the nerve-

cells. The majority of the nerve-fibres themselves, which thus give off collaterals,

finally enter the gray matter, and end similarly. The axons of the majority of

the cells leave the gray matter and emerge either for the purpose of entering a

peripheral nerve or for the purpose of entering a strand of fibres in the white

matter of the spinal medulla.

The nerve-fibres thus derived are interwoven together in the gray matter in a

dense inextricable interlacement.

Postero-lateral group

Central group of cells Antero-lateral group of cells

Fig. 471.

—

Section through the First Sacral Segment of the
Spinal Medulla to show the grouping ok the Motor Nerve-
cells. (To a large exteut founded on Plates iu Dr. Bruce's Atlas.)

Component Parts of the White Matter of the Spinal Medulla.

The white matter of the spinal medulla is composed of medullated nerve-fibres,

embedded in neuroglia. The fibres, for the most part, pursue a longitudinal course
;

and, from the deep surface of the pia mater which surrounds the medulla, fibrous

septa or partitions are carried in along vertical planes between the fibres so as
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to form an irregular and very imperfect fibrous framework of support. The
neuroglia is disposed in a layer of varying thickness around the medulla, subjacent

to the pia mater, and is carried into the medulla so as to give a coating to both
sides of the various pial septa. The neuroglia is disposed also around the various

nerve- fibres, so that each of these may be said to lie in a canal or tunnel of this

substance. The nerve-fibres are all medullated, but they are not provided with
primitive sheaths. It is the medullary substance of the nerve-fibres which gives

to the white matter its opaque, milky-white appearance. When a thin transverse

section of the medulla is stained in carmine and examined under the microscope

the white matter presents the appearance of a series of closely applied circles,

each with a dot in the centre. The dot is the transversely divided axis-cylinder

of a nerve-fibre, and the dark ring which forms the circumference of the circle

represents the wall of the neuroglial canal which is occupied by the fibre. The
medullary substance is very faintly seen. It presents a filmy or cloudy appearance

between the axis-cylinder and the neuroglial ring.

Arrangement of the Nerve -fibres of the White
Matter in Fasciculi or Tracts.—When the white
matter of a healthy adult spinal medulla is examined,
the fibres which compose it are seen to vary consider-

ably in point of size ; and although there are special

places where large fibres—or it may be small fibres

—are present in greater numbers than elsewhere, yet,

as a rule, both great and small fibres are mixed up to-

gether. No conclusive evidence can be obtained in such

a spinal medulla, by any means at our disposal, of the

fact that the longitudinally arranged fibres are grouped
together in more or less definite tracts or fasciculi,

the fibres of which run a definite course and present

definite connexions. Yet this is known to be the

case, and the existence of these separate tracts has

been proved both by embryological investigation, as

well as by the examination of the effects of injuries

produced experimentally or accidentally on the

nervous system in living beings.

By the experimental method it has been shown that

when a nerve-fibre is severed the part which is detached from
the nerve-cell from which it is an oflfshoot degenerates, whilst

the part which remains connected with the nerve-cell under-

FiG. 472. Transverse Section goes little or no change. This is called the law of " Wallerian "

THRODGH THE WHITE MATTER OF degeneration. Thus, if in a living animal one-half of the

THE Medulla Spinalis, as seen spinal medulla is cut across, and after a few weeks the animal

through the microscope. is killed and the medulla examined, it will be seen that there

are degenerated tracts of fibres in the white matter, both above

and below the plane of division ; but, still further, it will also be manifest that the tracts which

are degenerated above the plane of division are not the same as those which are degenerated in the

part of the medulla which lies below this level The interpretation of this is obvious. The
nerve-tracts which have degenerated above the plane of section are the ofi'shoots of nerve-cells

which lie in lower segments of the medulla or in spinal ganglia below the plane of section.

Severed from these nerve-cells, they undergo what is called ascending degeneration. The nerve-

tracts, on the other hand, which have degenerated in the portion of the medulla below the plane

of division are the axons of cells which lie at a higher level than the plane of section, either in

higlier segments of the spinal medulla or in the brain itself Cut off from the nerve-cells from

which they proceed, they present an example of descending degeneration.

Tlie embryological method was first employed by Flechsig, and it is often referred to as

Flechsig's method. It is based upon the fact that nerve-fibres in the earliest stages of their

development consist of naked axis-cylinders, and are not provided with medullary sheaths.

Further, the nerve- fibres of dift'erent strands assume the medullary sheaths at different periods.

If the foetal central nervous system is examined at different stages of its development, it is a

comparatively easy matter to locate the dift'erent tracts of fibres by evidence of this kind. Speak-

ing broadly, the tracts which myelinate first are those which bring the central nervous system into

relation with the peripheral parts (skin, muscles, etc.) ; then those fibres which bind the various

segments of the central nervous system together ; next, those which connect the spinal medulla

with the cerebellum ; and, lastly, the tracts which connect the spinal medulla with the cerebral

hemispheres. The nervous apparatus for the performance of automatic movements is fully
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provided, therefore, before this is put under the control and direction of the higher centres. It

by no means follows that in all tlie higher animals corresjionding strands myelinate at relatively

corresponding j)eriods. Take the case of a young animal which from the time of its birth is able

to move about and perform voluntary movements of various kinds in a more or less perfect

manner, and compare it with the heljness new-born infant which is capable of exhibiting auto-

matic movements only. In the former, tlie cerebro-spinal tracts, or motor tracts, which descend

from the cerebrum into the spinal medulla, and which are the paths along which the mandates
of the will travel, myelinate at an early period ; whilst in the infant the corresponding fibres

do not obtain their medullary sheaths until after birth. The study of the dates, therefore, at

which the various strands of nerve-tibres myelinate not oidy gives the anatomist a means of

locating their position in the white matter of the central nervous system, but it also affords the

physiologist most important information regaixling their functions, and also the periods at which
these functions are called into play.

It is a matter of interest to note that influences which either accelerate or retard the periods

at whicli nerve-fibres are brought into functional activity have also an effect in determining the

dates at which these fibres assume their sheaths of myelin. Thus, when a child is prematurely
bom the whole process of myelinisalion is, as it were, hurried up ; and furtlier, when in new-
born animals light is freely admitted to one eye whilst it is carefully excluded from the other,

the fibres of the optic nerve of the former myelinate more rapidly than those of the opposite nerve.

Study of the minute structure (Anatomical method) of the central nervous system, especially

of material that has been stained by the metho<ls of Golgi and Ramon y Cajal or by the use of

methylene blue, completes the results attained by these other methods, by demonstrating the

precise mode of origin and termination of the various fascicidi.

Posterior Punictilus and the Posterior Roots of the Spinal Nerves.— In

the cervical and upper thoracic regions of the spinal medulla the posterior

funiculus is divided by the posterior intermediate sulcus and .septum into the

fasciculus cuneatus, which lies laterally and next to the posterior column of gray

matter, and the fasciculus gracilis, which lies medially and next to the posterior-

median septum. The fasciculus cuneatus is composed of nerve-tibres which are for

the most part larger than those entering into the formation of the fasciculus gracilis,

and both tracts have a most intimate relation to the posterior nerve -roots; indeed,

they are both composed almost entirely of fibres which enter the medulla by these

roots, and then pursue a longitudinal course.

The nerve-fibre.s which form the posterior nerve-roots, on entering the medulla along the

sulcus lateralis posterior, divide within the fasciculus cuneatus into ascending and descend-

ing branches which diverge abruptly as they pass respectively upwards and downwards.
The descending fibres are, as a rule, short, and soon end in the gray matter of the spinal

medulla. These descending fibres occupy an area in the posterior funiculus along the

line of .separation of the fasciculus gracilis and the fasciculus cuneatus, and, hence, may
be called the fasciculus interfascicularis (comma tract of Schultze). This area, when
the spinal medulla is divided, undergoes descending degeneration and then presents a

comma-shaped outline. (Fig. 473).

The ascending fibres vary greatly in length, and at differing distances from the point

where the parent fibres enter the medulla they end in the gray matter. A small contribu-

tion, however, of ascending fibres, from each posterior nerve-root, extends upwards to the

upper end of the spinal medulla, to end in the medulla oblongata (Figs. 474 and 475).

As each posterior nerve-root enters, its fibres range themselves in the lateral part of

the posterior funiculus close up against the posterior column of gray matter. The nerve-

fibres of the nerve-root next above take the same position, and consequently those which

entered from the nerve immediately below are displaced medially, and come to lie in the

posterior funiculus nearer to the median plane. This process goes on as each nerve-

root enters, and the result is that the fibres of the lower nerves are gradually pushed
nearer and nearer to the posterior median septum in a successive series of lamellar tracts.

Of course, the greater proportion of the fibres which are thus carried upwards from

the posterior nerve-roots sooner or later leave the posterior funiculus and enter the gray

matter, to end there in relation to some of its cells ; but, as we have said, every posterior

nerve-root sends a few fibres up the whole length of that portion of the spinal medulla

which lies above, and thus the posterior funiculus gradually increases in bulk as it is traced

upwards, and in all except the lowest part of the spinal medulla, the posterior funiculus

is separable into a fasciculus gracilis and a fasciculus cuneatus. The fasciculus gracilis

is composed of the long ascending fibres of the posterior nerve-roots, which have entered

the lower segments of the spinal medulla. To put the matter differently, the fibres

of the sacral roots are displaced medially by the entering lumbar fibres, while the fibres

of the lumbar roots are in their turn pushed medially by the entering thoracic fibres,

35 a
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aud, lastly, the fibres of the cervical roots displace the thoracic fibres. The difference

between the fasciculus gracilis and the fasciculus cuneatus consists simply in this, that

the former is composed of the fibres of posterior nerve-roots which have entered the

medulla at a lower level than those which enter into the formation of the fasciculus

cuneatus. The fibres of the fasciculus gracilis, taking them as a whole, must therefore

necessarily run a very much longer course.

Our knowledge of the constitution of the posterior columns of the spinal medulla is

derived largely from the study of the course of degeneration in monkeys, after the medulla

has been cut across—either partially or completely. But we have also a direct knowledge

of the lamination of the posterior columns of the human spinal medulla (Fig. 473) that

has been acquired from the examination of cases in which the medulla or its nerve-roots

had been injured during life.

Numerous collateral fibrils stream into the gray matter of the posterior column
both from the ascending and descending branches of the entering fibres of the

posterior nerve-roots. These are classified into long and short collaterals. The long
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collaterals extend forwards into the anterior column of gray matter and end in relation

to the ventral nerve-cells. The short collaterals end in relation to the nerve-cells in the

substantia gelatinosa, and other nerve-cells of the posterior column of gray matter.

The majority of the fibres of the posterior nerve-root enter the spinal medulla on

the medial side of the apex of the posterior column of gray matter. The manner in which

these are related to the fasciculus cuneatus and the fasciculus gracilis has been noticed
;
but

a certain number of those fibres which lie most laterally take a curved course forwards

on the medial side of the posterior column of gray matter and then pass into it. In

the thoracic region these curved fibres end in connexion with the cells of the nucleus

dorsalis (Fig. 467, B, p. 525, and Fig. 473).

Fasciculus Posterolateralis (O.T. Tract of Lissauer).— The postero -lateral

fasciculus is a small tract of nerve-fibres of minute calibre which assume their medullary

sheaths at a comparatively late period. It is placed at the surface of the medulla close

to the sulcus lateralis posterior. It is formed by some of the lateral fibres of the posterior

nerve-roots which do not enter the fasciculus cuneatus, but pass upwards in the medulla

close to the substantia gelatinosa, in which they ultimately end.

It must now be evident that the fibres which enter the medulla spinalis through each
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posterior nerve-root have three main modes of distribution : (1) the majority take part in

the formation of the fascicuhis cunoatus, and pass upwards or downwards to end in the

gray matter at some other level in the central nervous system
; (2) some fibres, and many

collaterals of fibres in the fasciculus cuneatus, lie close to the posterior column and
describe a series of graceful curves as they pass forwards, prior to turning laterally into

all regions of the gray matter to end at the same level as they enter the medulla spinalis ;

(3) a third series form the posterolateral fasciculus and end in connexion with the cells of

the substantia gelatinosa and otiier cells in the posterior and anterior columns of gray
matter {F\q. 473).

The fibres derived from the posterior nerve-roots which ascend in the posterior

funiculi of the medulla spinalis to the medulla
oblongata of the brain constitute a direct sensory

tract ; other fibres are described which give rise to a

crossed sensory tract termed the fasciculus spino-

thalamicus. These latter fibres arise as the axons of

certain of the cells in the posterior column in con-

nexion with which fibres from the posterior nerve-

roots have ended, and crossing to the opposite side

of the medulla spinalis through the anterior commis-
sure they ascend in the antero-lateral funiculus to

the brain, where they ultimately reach the thalamus.

As the spino-thalamic tract ascends in the spinal

medulla its fibres are not gathered into a compact
strand, but are more or less loosely scattered in the

lateral funiculus.

Association Fibres in the Posterior Funiculus.—But
the whole of the fibres of the posterior funiculus are not

derived from the posterior nerve-roots. A few fibres exist

in this funiculus which have a different origin. They are

derived from certain of the cells of the gray matter, and,

entering the posterior funiculus, they divide into ascend-

ing and descending branches which pass upwards and
downwards in the funiculus for a varying distance, before

they finally turn in to end in the gray matter at higher

and lower levels. These fibres, therefore, constitute

links of connexion between different segments of the

spinal medulla, and they constitute the fasciculus posterior

proprius. Our information regarding these fibres at

present is somewhat defective ; but it is believed that the

deepest part of the funiculus, i.e. the part next the

posterior gray commissure, and the fasciculus septo-

marginalis of Bruce, placed in apposition with the

posterior-median septum and in the adjoining part of the ^j^, 474 _dia(;
surface, belong mainly to this category.^

ram to show the
Manner in which the Fibres of

THE Posterior Nerve- Roots ENTER
and ascend in THE POSTERIOR
Funiculus of the Spinal
MedulLx\.. (From Edinger.)

Funiculus Lateralis and Funiculus Anterior.
—It is convenient to consider the anterior along

with the lateral funiculus and to call the whole mass
of white substance that is left, after eliminating the posterior funiculus, the antero-

lateral funiculus. In contact with the surface of the gray columns there is a broad

l.)and of white matter the parts of which are known respectively as the fasciculus

proprius anterior and lateralis (O.T. the ground bundles of the antero-lateral

funiculus). It is compofed wholly of fibres which spring from nerve-cells in the

gray columns, and, after passing for varying distances upwards or downwards, end
in the gray matter of the spinal medulla. Thus they constitute an intrinsic

system of fibres linking together different levels of the spinal medulla. They
become medullated before any other fibres, except the root-fibres and their con-

tinuations in the posterior funiculus. When cut across some of the fibres degenerate

above, others below, the injury, and the degeneration extends for varying distances

upwards and downwards respectively.
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The best -known long or extrinsic systems of fibres in the antero- lateral

funiculus are those known as the fasciculus cerebrospinalis lateralis (O.T. crossed

pyramidal tract), the fasciculus cerebrospinalis anterior (O.T. direct pyramidal tract),

the fasciculus cerebellospinalis (O.T. direct cerebellar tract) (luhich goes from the

spinal medulla to the cerehellum, and ought therefore to be called spinocerehellaris,

as it ivill he suhsequentlg named in this account), and the fasciculus anterolateralis

superficialis (O.T. Gowers' tract).

There are, however, many other fasciculi at least as important as these, but
there is as yet no close agreement as to their precise limits or connexions. One
reason for this is that some of the elements of one tract may become intermingled

with those of another ; moreover, the position and relations of certain of them
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—

Diagram representing the Connexions op some important Sensory and Motor Tracts
IN THE Brain.

vary considerably at different levels of the spinal medulla. In Fig. 473 an
attempt has been made to present the present state of our knowledge of these

great strands of white fibres. This diagram is not intended to represent any definite

level of the spinal medulla, though certain features are shown which occur only
in the cervical region ; and in respect of other features, the arrangement found
in lower regions of the spinal medulla has been introduced to render the diagram
more serviceable.

Much of the apparent complexity of this chart will disappear if the reader

recalls some general statements (p. 512) made with regard to the outstanding
features of the brain. It was then explained that when sensory nerves, coming
from the skin and muscles, enter the spinal medulla, they not only establish

relations with the motor nuclei and other spinal structures in the neighbourhood
of their insertion, but also give rise, directly or indirectly (see Fig. 475) to many
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fasciculi which pass upwards ' in the spinal medulla to reach the medulla
oblongata, tlie pons and cerebellum, the mesencephalon (corpora quadrigemina),
the thalamus, and the cerebral hemisphere. In the neighbourhood of each level

where these ascending sensory tracts end, such' as for example the region of the
vestibular nucleus and cerebellum, the tectum mesencephali, the corpus striatum,

and the cerebral hemisphere, great descending tracts originate and pass downwards
in the spinal medulla (Fig. 475

—

tlie red lines). Thus we have cerebro-spinal,

rubro-spinal, tecto-spinal, vestibulo-spinal, and bulbo-spinal fasciculi passing down
the spinal medulla ; and each system eventually ends around the series of motor
nuclei (Fig. 475), many of them in the spinal medulla.

In the anterolateral funiculus the various fasciculi ^^ill be found to be
grouped roughly into three bands :—Next to the gray columns is the fasciculus

proprius ; then comes a band of descending (motor) fasciculi ; and then, upon the
surface, a series of ascending (sensory) fasciculi. This arrangement, however, is not
maintained with any degree of exactitude in the anterior funiculus, where the
sharp demarcation between ascending and descending fasciculi is in great part
destroyed by the intermingling of fibres passing in opposite directions.

The fibres of the posterior nerve-root have already been studied so far as their

relation to the posterior funiculus is concerned. No clear conception of the nature
and significance of the ascending fasciculi in the anterolateral funiculus can be ob-

tained unless they also are studied in relationship with the fibres of the posterior root.

It has already been explained that of the fibres which enter the spinal

medulla in the posterior root the great majority enter the posterior funiculus,

where they bifurcate (Fig. 473, a) ; one branch of each fibre passes upwards either

in the funiculus gracilis or in the funiculus cuneatus, or it may pass from the
latter into the former ; the other descends in the fasciculus interfascicularis (O.T.

comma tract). Other fibres perhaps enter the posterolateral fasciculus (O.T.
Lissauer's bundle). But all the other fibres of the posterior root, together with
the majority of the fibres of the fasciculus cuneatus, sooner or later enter the gray
matter (Fig. 473, l to h) of the spinal medulla.

Some of them (Jf) pass directly to end in the nucleus dorsalis of their own side,

and from its cells fresh fibres arise, which pass laterally through the posterior

column and lateral funiculus to reach the surface, where they bend upwards as

constituent fibres of the spino-cerebellar fasciculus. These pass upwards throughout
the whole length of the spinal medulla (above their place of origin), into the
medulla oblongata, thence into the cerebellum through the restiform body.

Other fibres on the same side (c), and perhaps also on the other side {d), end
amidst cells of the gray matter, the axis-cylinder processes of which pass into the

antero-lateral superficial fasciculus (O.T. Gowers' tract). In this tract they ascend
throughout the spinal medulla, medulla oblongata, and pons, to enter the cere-

bellum alongside the brachium conjunctivum (superior peduncle). This element
in the antero-lateral fasciculus is sometimes designated the fasciculus spinocere-

bellaris anterior, to distinguish it both from the non-cerebellar fibres of the parent
fasciculus and from the fasciculus spinocerebellaris [posterior] (O.T. the direct cere-

bellar tract). These two spino-cerebellar tracts convey to the cerebellum informa-

tion from the muscles and overlying skin which assists it to co-ordinate the

muscles for carrying on precisely adjusted movements.
Other fibres of the posterior nerve-root (e,/, g, and h) terminate in relation-

ship with cells in the gray columns of their own side of the spinal medulla, the

axons of which cross the median plane in the anterior commissure to pass respectively

(e) into the anterolateral superficial fasciculus [not to be confused with the

cerebellar constituents of this bundle]
; (/) into the real fasciculus spinotbalamicus

[posterior], of which the last-mentioned fibres are merely outlying members

;

{g) into the fasciculus spinotectalis, to ascend to the mesencephalon ; and (A) into

the marginal area of the anterior fvmiculus to form a group which may be called

the fasciculus spinotbalamicus anterior.

The careful investigations of the late Dr. Page May led him to attach a definite

physiological significance to this grouping of the ascending paths. The fascic\il\is

spinotbalamicus [posterior] is supposed to convey upwards to the thalamus (for
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transmission to the cerebral cortex, which is concerned with the conscious apprecia-

tion of sensations) all impulses of pain, heat, and cold coming from the skin upon
the opposite side of the body. The fasciculus spinothalamicus anterior conveys
impulses of touch and pressure from the opposite side.

The spino-cerebellar fasciculi [anterior and posterior] convey to the cerebellum
respectively homolateral and Ijilateral unconscious afferent impulses underlying
muscular co-ordination and reflex tone.

Among the descending tracts that estabhsh connexions between various parts

of the brain (see Fig. 475) and the motor nerve-cells in the anterior column may be
mentioned the cerebrospinal, the rubro-spinal (from the red nucleus), the tecto-

spinal (from the corpora quadrigemina), the vestibulo- spinal (from the terminal

nucleus of the vestibular nerve), and the bulbo-spinal tracts. The last-mentioned

forms a peculiar triangular area upon the surface immediately to the lateral side of

the anterior nerve-roots (Fig. 473), but there is great uncertainty as to its mode of

origin : it is often called the fasciculus olivospinalis, from the fact that its discoverer,

Helweg, beheved it to originate from the ohvary nucleus in the bulb or medulla
oblongata. It may be regarded as an outlying part of the vestibular (or cerebellar)

tract to the motor nuclei of the spinal medulla.

The fasciculus cerebrospinalis lateralis (O.T. crossed pyramidal tract) is a large

well-defined descending tract which lies immediately in front of the posterior column
of gray matter, and subjacent to the posterior spino-cerebellar fasciculus, which shuts

it out from the surface. Below the point where the posterior spino-cerebellar

fasciculus begins the cerebrospinal fasciculus becomes superficial, and in this

position it can be traced as low as the fourth sacral nerve, at which level it ceases to

exist as a distinct strand. The cerebro-spinal fasciculus is composed of an admixture
of both large and small fibres. These arise in the brain from the large pyramidal
cells of the motor or precentral area of the cerebral cortex, and pass downwards
through various subdivisions of the brain to gain the spinal medulla. As they

enter the spinal medulla they cross the median plane from one side to the other,

and it thus happens that the cerebro-spinal tract in the right lateral funiculus of the

spinal medulla has its origin in the cortex of the left cerebral hemisphere, and vice

versa. As the tract descends in the spinal medulla it gradually diminishes in size

;

and this is due to the fact that, as it traverses each spinal segment, numerous fibres

leave it to enter the anterior column of gray matter, and end in connexion with the

anterior motor cells from which the fibres of the anterior nerve-roots arise. The
entire strand is ultimately exhausted in this way. Numerous collateral fibrils spring

from the cerebro-spinal fibres, and, entering the gray matter, end in a similar

manner. In this way a single cerebro-spinal fibre may be connected with several

spinal segments before it finally ends. The lateral cerebro-spinal fasciculus must be

regarded as a great motor strand which brings the spinal motor apparatus under
the control of the will.

Schafer believes that many of the fibres of the cerebro-spinal fasciculus end in

connexion with the cells of the nucleus dorsalis.

In many marsupials, rodents, and ungulates the lateral cerebro-spinal fasciculus lies

in the posterior funiculus of the spinal medulla.

The fasciculus lateralis proprius represents the remainder of the lateral

funiculus. Its fibres are largely derived from the cells situated in all parts of

the gray matter, and also from the nerve-cells of the opposite side of the spinal

medulla. After a course of very varying length in the fasciculus lateralis, these

fibres turn medially and re-enter the gray matter. Such fibres may thus be

regarded as inter-segmental association fibres binding two or more segments of the

spinal medulla together. It may be mentioned that the association fibres which
link together segments of the spinal medulla which are near to each other lie close to

the gray matter, whilst those which connect the more distant segments are situated

further out in the lateral funiculus.

Funiculus Anterior.— One well-defined tract is situated in the funiculus

anterior. This is termed the fasciculus cerebrospinalis anterior. The remainder
of the funiculus receives the name of the fasciculus anterior proprius.
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The fasciculus cerebrospinalis anterior (O.T. direct pyramidal tract) is usually a

nerve-strand ot" small size which lies near the anterior nuidian fissure. As a rule it

cannot be traced lower than the middle of the thoracic region of the spinal medulla.

It is a descending tract and must be associated with the lateral cerebro-spinal

fasciculus of the opposite side, seeing that both of these strands arise from the motor
area of the cortex of the same cerebral hemisphere. From this it must lie clear

that the anterior cerebro-spinal fasciculus does not cross the median plane as it

enters the spinal medulla, but descends on the side of the spinal medulla corre-

sponding to the cerebral hemisphere in which it arises. Nevertheless, its fibres do
not end in the same side of the spinal medulla, but at every step along the path of

the strand they make use of the anterior commissure, and cross to the opposite side

of the spinal medulla, to terminate in relation to the opposite ventral motor cells

in the same manner as the lateral cerebro-spinal fibres.

From this crossing of the cerebro-spinal fasciculi, it follows that the destruction of the fibres

which compose them as they descend in one side of the brain must result in paralysis of the
muscles supplied by the efferent nerves of the opposite side of the spinal medulla.

In cases of old brain lesion it is sometimes possible to detect some degenerated fil^res in the

lateral cerebro-spinal fasciculus of the sound side of the spinal medulla, and from this it is

supposed that this tract contains a few uncrossed fibres. If this is the case, each side of the

spinal medulla stands in connexion with the motor area of both cerebral hemispheres.

It is well to note that the fibres of both lateral cerebro-spinal fasciculi are not medullated
until the time of birth. They are the latest of all the fasciculi of the spinal medulla to myelinate.

Commissura Anterior Alba.—The anterior white commissure is composed of

medullated nerve-fibres passing from one side of the spinal medulla to the other

and entering the anterior column of gray matter, and also the anterior funiculus of

white matter. It is to be regarded more as a decussation than as a commissure,

and its \\'idth, which varies somewhat in different regions, fluctuates in correspond-

ence with the diameter of the spinal medulla.

Amongst the fibres which cross in the anterior commissure may be mentioned : (1) The fibres

of the fasciculus cerebrospinalis anterior
; (2) collaterals from both the anterior and lateral

funiculi
; (3) axons of many of the cells of the gray matter

; (4) the dendritic processes of some
of the medial anterior cells.

Commissura Grisea.—Although this is composed of gray matter with a large

admixture of ni3uroglia, numerous nerve-fibres pass transversely through it, so as

to establish relations between the cells in the gray matter on the two sides of the

spinal medulla.

THE ENCEPHALON OR BRAIN.

The brain is the enlarged and greatly modified upper part of the cerebro-spinal

nervous axis. It is surrounded by the same membranes that envelop the medulla
spinalis (viz., the dura mater, the arachnoid, and the pia mater), and it almost

completely fills up the cavity of the cranium. So closely, indeed, is the skull

capsule moulded upon the brain that the impress of the latter is almost everywhere

evident upon the inner surface of the cranial wall. The relations, therefore, of

cranium to brain are totally different from those presented by the vertebral canal

to the spinal medulla. As we have noted, the medulla spinalis occupies only a

part of its bony case ; and there is not only a wide and roomy space between the

arachnoid and the pia mater, but also an interval of some width between the

dura mater and the walls of the vertebral canal.

General Appearance of the Brain.—When viewed from above the brain

presents an ovoid figure, the broad end of which is directed backwards. Its

greatest transverse diameter is usually found in the neighbourhood of that part

which lies between the two parietal tuberosities of the cranium. The only parts

which are visible when the brain is inspected from this point of view are the two
convoluted cerebral hemispheres. These present an extensive convex surface, which
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is closely applied to the internal aspect of the cranial vault, and are separated from

each other by a deep median cleft, termed the fissura longitudinalis cerebri, which

extends from the front to the back of the brain.

The inferior aspect of the brain is usually termed the basis cerebri. It presents

an uneven and irregular surface, which is more or less accurately adapted to the

inequaUties on the floor of the cranial cavity. Upon this aspect of the brain some

of its main subdivisions may be recognised. Thus, posteriorly, is seen the short

cylindrical portion, called the medulla oblongata, through which, at the foramen

mafj-num, the brain becomes continuous with the medulla spinalis. The medulla

oblon<?ata lies on the ventral aspect of the cerebellum, and occupies the vallecula

or hollow which intervenes between the two cerebellar hemispheres. The cerebellum

Optic cliiasma

Infundibulum
Olfactory bulb

Left corpus mamillare

Substantia perforata
posterior

Pedunculus cerebri^J?^

Olfactory tract

Optic nerve
_

Abducens nerve

Hypoglossal nerve

Substantia perforata
anterior

Optic tract

Tuber cinereum

Oculomotor nerve

Trochlear nerve

Trigeminal nerve

Facial nerve

Acoustic nerve

Nervus intermedins

Glosso-pharyngeal nerve

Vagus nerve

Medulla Oblongata "^^SBI^*^ "^•i*^^ Accessory nerve

Medulla spinalis (cut) Hypoglossal nerve

Fig. 476.

—

The Base of the Brain with the Cerebral Nerves attached.

is a mass of considerable size which is placed below the posterior portions of the

two cerebral hemispheres. It is easily recognised on account of the closely set,

curved, and parallel fissures which traverse its surface and give it a foliated

appearance. Above the medulla oblongata, and in close connexion with it, is a

prominent white elevation called the pons. Immediately in front of the pons there

is a deep hollow or recess. This is bounded behind by the pons, on each side by

the projecting temporal lobe of the cerebral hemisphere, and in front by the orbital

portions of the frontal lobes of the cerebral hemispheres. Passing out from each

side of the anterior part of this recess is the deep lateral fissure of the brain which

intervenes between the pointed and projecting extremity of the temporal lobe

and the frontal lobe of the cerebrum, whilst, in the median plane in front, the

longitudinal fissure, which separates the frontal portions of the cerebral hemispheres,

opens into it.

Within the limits of this deep hollow, on the base of the brain, two large rope-
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like strands, tlie pedunculi cerebri, may be seen issuing from the inferior surface

of the cerebral hemispheres. As they pass downwards these peduncles are inclined

obliquely towards the median plane, so that when they plunge into the pons they

are situated in close apposition the one to the other (Fig. 478). Turning round
tlie lateral side of eacii peduncle, where it emerges from the cerebrum, a flattened

band termed the optic tract may be observed. These bands come from the anterior

part of the hollow, where they are joined together by a short connecting piece

termed the optic chiasma. The optic nerve is inserted, on each side, into the

antero-lateral angle of the chiasma.

The pedunculi cerebri, the optic tracts, and the optic chiasma enclose a deep
rhomboidal or lozenge-shaped interval on the base of the brain, which is termed
the fossa interpeduncularis. Within the limits of this area the following parts may
be seen as we pass from behind forwards: (1) the substantia perforata posterior;

(2) the corpora mamillaria : (3) the tuber cinereum and the stalk of the hypo-

physis cerebri (O.T. pituitary body).

At its posterior angle, immediately in front of the pons, the interpeduncular

fossa is very deep and is floored by a layer of gray matter, in which are

numerous small apertures. This is the substantia perforata posterior. Through
the apertures which are dotted over its surface the small postero-medial basal

branches of the posterior cerebral artery enter the brain.

The corpora mamillaria are two small white pea-like eminences placed side by
side in front of the substantia perforata posterior.

The tuber cinereum is a slightly-raised field of gray matter, which occupies the

interval between the anterior portions of the optic tracts in front of the corpora

mamillaria. Springing from the anterior part of the tuber cinereum, immediately
behind the optic chiasma, is the infundibulum, or the stalk which connects the

hypophysis cerebri with the base of the brain (Fig. 478).

Lateral to the limits of the anterior part of the interpeduncular space there is, on
each side, a small depressed triangular field of gray matter, which leads laterally

into the lateral cerebral fissure. It is perforated by the antero-medial and the

antero-lateral groups of basal arteries, and receives the name of the substantia

perforata anterior.

General Connexions of the Several Parts of the Brain.— The medulla

oblongata, the pons, and the cerebellum occupy the posterior cranial fossa, and
they are separated from the cerebral hemispheres, which lie above them, by a

partition of dura mater, termed the tentorium cerebelli. Further, they surround

a cavity, a portion of the primitive cavity of the early neural tube, which is termed

the fourth ventricle of the brain, and they all stand in intimate connexion, one

with the other. The medulla oblongata is for the most part carried upwards into

the pons ; but at the same time two large strands from its dorsal aspect, termed

the restiform bodies, are prolonged into the cerebellum, and constitute its

inferior peduncles, or the chief bonds of union between the medulla (oblongata and
spinalis) and the cerebellum. The pons has large numbers of transverse fibres

entering into its composition, and the great majority of these are gathered together

on each side in the form of a large rope -like strand. This plunges into the

corresponding hemisphere of the cerebellum, and constitutes its middle peduncle,

which is known as the brachium pontis.

The cerebrum, which forms the great mass of the brain, occupies the anterior

and middle cranial fossae, and extends backwards into the occipital region above

the tentorium and the cerebellum. The greater part of the cerebrum is formed by

the cerebral hemispheres, which are separated from each other in the median

plane by the longitudinal fissure. At the bottom of this fissure is the corpus

callosum, a broad commissural band which connects the two hemispheres with

each other. Each hemisphere is hollow, the cavity in its interior being termed

the lateral ventricle of the brain. Between and below the cerebral hemispheres,

and almost completely concealed by them, is the inter-brain or diencephalon. The
principal parts forming this portion of the brain are two large masses of gray

matter, termed the thalami. Between these is the third ventricle of the brain—

a

deep narrow cavity occupying the median plane. The third ventricle communicates
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with the lateral ventricles by two small apertures, called the foramina inter-

ventricularia.

The cerebrum is connected with the parts in the posterior cranial fossa (pons,

cerebellum, and medulla oblongata) by a narrow stallv called the mesencephalon or

mid-brain. The mid-brain is built up of—(1) the pedunculi cerebri, passing from the

pons to the cerebrum
; (2) the corpora quadrigemina, forming its dorsal part ; and

(3) the brachia conjunctiva (O.T. superior cerebellar peduncles), proceeding from the

cerebellum to the cerebrum. It is tunnelled by a narrow passage, the aquseductus

cerebri, which extends between the fourth and third ventricles.

In a ^dew of the intact brain the greater part of the mesencephalon and

diencephalon is hidden by the cerebral hemispheres; but a precise idea will be

obtained of the inter-relationships of the various parts of the brain, if we study
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The parts op the Brain cut through in a median .sagittal section.
The side walls of the ventricular cavities are also shown.

the relationship of these structures to the series of cavities in the interior of the
brain as they are displayed in a median sagittal section (Fig. 477).

The central canal which tunnels the spinal medulla is seen to extend into the
medulla oblongata for a short distance ; then it expands into the irregular cavity of
the fourth ventricle, the floor (anterior wall) of which is formed partly by the
medulla oblongata and partly by its continuation upwards, the pars dorsalis pontis.

Behind the fourth ventricle lies the cerebellum, but it forms only a small part of the
roof (tegmen). The roof consists mainly of the velum medullare anterius above
and the thin epithelial lamina (lamina chorioidea epithelialis) below.

The fourth ventricle is continued upwards into the aquaeductus cerebri, which
tunnels the mesencephalon, of which the thick mass of the tegmentum is placed in
front of it and the lamina quadrigemina behind.

The aqueduct opens in front into the third ventricle, the major portion of
each side waU of which is formed by the thalamus. Near the antero-superior
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corner of each side wall of the third ventricle the small foramen interventricnlare

(O.T. foramen of Monro) leads into the cavity of the corresponding cerebral hemi-
sphere, which is known as the lateral ventricle.

MEDULLA OBLONGATA.

The medulla oblongata is the continuation upwards of the medulla spinalis.

It is a little nion' tlian L'5 mm. (one inch) in lengtli, and it may be regarded as

beginning immediately above the uppermost root of the first cervical nerve, or,
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Front View of the Medulla Oblongata, Pons, and Mesencephalon of a

FULL-TIME Human Fcetus.

roughly, about the level of the foramen magnum. From this it proceeds upwards

in a very nearly vertical direction, and ends at the lower border of the pons.

At first its girth is similar to that of the spinal medulla, but it rapidly expands

as it approaches the pons, and consequently it presents a more or less conical

form. Its anterior surface hes behind the grooved surface of the basilar portion

of the occipital bone, whilst its posterior surface is sunk into the vallecula of the

cerebellum. The medulla obloncjata is a bilateral structure, and this is indicated

on the surface by the presence of anterior and posterior median fissures, on the

ventral and dorsal surfaces respectively.

The fissura mediana anterior, as it passes from the spinal medulla on to the

medulla oblongata, is interrupted at the level of the foramen magnum by several

strands of fibres which cross the median plane from one side to the other. This

intercrossing is termed the dectissation of the 'pyramids. Above this level the fissure
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Po.sterior View of the Medulla, Pons, and Mesencephalon
of a full-time human fcetus.

is carried upwards to the lower border of the pons, but is often rendered very
shallow by numerous external arcuate fibres which emerge upon the surface

between its lips and
then curve laterally to

reach the posterior part
of the medulla oblon-

gata. At the lowdr
margin of the pons it

expands slightly and
ends in a blind pit,

which receives the name
of the foramen caecum

of Yicq d'Azyr.

The fissura mediaua
posterior is present only

on the lower half of the

medulla oblongata. As
it ascends it rapidly

becomes shallower.
Half-way up, where the

central canal opens into

the fourth ventricle,

the lips of the posterior

median fissure are thrust

apart from each other

and constitute theboun-
daries of a triangular

field, which is seen when
the epithelial roof of the lower part of the fourth ventricle is removed. This tri-

angular field is the lower part of the fossa rhomboidea, or the floor of the fourth
ventricle of the brain. The lower half of the medulla oblongata, containing as it does
the continuation of the central canal of the spinal medulla, is frequently termed
the closed part of the medulla oblongata ; the upper half, above the opening of the
canal, which contains the lower part of the fourth ventricle, is called the open
part of the medulla oblongata.

The examination of the floor of the fourth ventricle will be deferred for the

•present, and the appearance presented by the surface of the medulla oblongata

may now engage our attention. In the spinal medulla the corresponding surface

area is divided into three districts or funiculi by the emerging motor roots and the

entering sensory roots of the spinal nerves. Of these the sensory enter along
the bottom of the sulcus lateralis posterior, whilst the motor fila are spread

over a relatively broad surface area and have no groove in connexion with their

emergence from the spinal medulla. In the case of the medulla oblongata

corresponding rows of fila enter and emerge from the surface of each side. The fila

of the hypoglossal nerve carry up the line of the anterior nerve-roots of the spinal

medulla. In one respect, however, they differ : they emerge in linear order and
along the bottom of a distinct furrow, termed the sulcus lateralis anterior, which
proceeds upwards on the surface of the medulla oblongata. The fila which carry

up the line of the posterior nerve-roots on the surface of the medulla oblongata

are the root-bundles of the accessory, the glosso-pharyngeal, and the vagus nerves.

These are attached along the bottom of a furrow which is the direct continuation

upwards of the sulcus lateralis posterior of the spinal medulla, and therefore

receives the name of the sulcus lateralis posterior of the medulla oblongata. The
root-bundles of these nerves differ, however, in so far that they are not all composed
of afferent fibres which spring from ganglionic cells placed without and enter the

medulla. Certain of them are purely efferent (roots of accessory), whilst others

contain a considerable number of efferent as well as afferent fibres, and are there-

fore to be regarded as mixed roots.

By the sulci laterales, and also by the two rows of fila attached along the
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bottom of these furrows, the surface of the medulla oblongata on each side is

divided into three districts, viz., an anterior, a lateral, and a posterior, similar to
the surface ureas of the three funiculi on the side of the spinal medulla. Indeed,
at first sight, they appear to be direct continuations upwards of these three portions
of the spinal medulla ; this, however, is not the case, because the fibres of the
three funiculi of the spinal medulla undergo a rearrangement as they proceed
ftpwards into the mechilla ()lilnii;^Mt;i.

Anterior Area of the Medulla Oblongata—Pyramis.—Tlie district between
the anterior median fissure, and the sulcus lateralis anterior, along the bottom
of which the root-fila of the hypoglossal nerve issue from the medulla oblongata,
receives the name of the pyramid. An inspection of the surface is sufficient to
show that the pyramid is composed of a compact strand of longitudinally directed
nerve-fibres. It represents, in fact, the portion of the great cerebro-spinal fasciculus
which is destined to carry fibres from the cerebral hemisphere to all the motor
nuclei on the other side of the medulla oblongata and medulla spinalis. Somewhat
constricted at the place where it emerges from the pons (Fig. 478) it swells
immediately to form a prominent rounded column, which passes vertically down-
ward, separated from the pyramid of the other side by the fissura mediana anterior.

Towards the lower part of the medulla oblongata it gradually tapers.

Although the pyramid at first sight appears to be continuous with the anterior
funiculus of the medulla spinalis, only a very small proportion of the fibres

contained in the latter are derived . from the pyramid. This at once becomes
manifest when the lips of the anterior median fissure are thrust apart at the place
of junction between the medulla oblongata and spinal medulla. The yjyramid is

then seen to divide at this level into two parts, viz., a small portion composed of

a variable number of the most lateral fibres of the pyramid, termed the fasciculus

cerebrospinalis anterior (O.T. direct pyramidal tract), and a much larger portion,
situated next the median fissure, called the

fasciculus cerebrospinalis lateralis (O.T. crossed

pyramidal tract). The anterior cerebro-spinal

fasciculus is continued down into the anterior

funiculus of the medulla spinalis, and in this

it takes up a medial position next the median
fissure. The lateral cerebro-spinal fasciculus

is broken up into three or more coarse bundles,

which sink backwards and at the same time
cross the median plane, to take up a position

in the posterior part of the opposite lateral

funiculus of the spinal medulla. The term
decussatio pyramidum (decussation of the pyra-

mids) is applied to the intercrossing of the

corresponding bundles of the lateral cerebro-

spinal fasciculi of opposite sides.

The anterior cerebro-spinal fasciculus is,

therefore, the only part of the pyramid which
has a place in the anterior funiculus of the
spinal medulla. The much larger part of this

funiculus, termed the fasciculus anterior pro-

prius, as it is traced up into the medulla
oblongata, is seen to l)e thrust aside by the

decussating bundles of the lateral cerebro-

spinal fasciculus. It thus comes to occupy
a deep position in the substance of the medulla
oblongata, behind and to the lateral side of

the pyramid.

Lateral Area of the Medulla Oblongata.
—This is the district on the surface of the

medulla oblongata which is included between the two rows of nerve-roots, viz., the

hypoglossal roots in front, and the root-bundles of the accessory, the vagus, and the

36
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glossopharyngeal nerves behind. It presents a very different appearance in its

upper and lower parts. In its lower portion it simply appears to be a continuation

upwards of the lateral area of the spinal medulla ; in its upper part a striking

oval prominence bulges out on the surface of the medulla, and receives the name

of oliva (O.T. olivary eminence).

The lower part of this district, however, is very far from being an exact counter-

part of the lateral funiculus of the spinal medulla. The large lateral cerebro-

spinal tract is no longer present, seeing that it forms, in the medulla oblongata,

Nucleus leutiforniis Capsula interna (pars lenticulo-thalamiea)

Nucleus caudatus

Capsula interna
(pars lenticulo ,

caudata

Union of

lentiform and—
caudate nuclei

Tractus
olfactorius

Tractus opticus.'

Infundibulum

,, , . ^anterior lobe
liypophysis

j
cerebri ^posterior lobe

Tuber cinereum .' / /,
Corpus mauiillare / ,' \ \

Nervus oculoniotorius •'
i '

Basis pedunculi

Pons )^-r.

Nervus trigeminus (portio major)

Nervus trigeminus (portio minor)
Nervus facialis -'*

Nervus intermedins '

Nervus acusticus''^

Nervus abducens '

Nervus glossopbaryngeus

iNervus vagus ..^,.

Pvramis

'

Oliva
•'

Fasciculus circumolivaris pyramidis—

Nucleus amygdalfe (cut)

JV Commissura anterior

Stria terminalis

Capsula interna (pars sublenticularis)

Nucleus caudatus

Thalamus

Corpus geniculatum laterale

Corpus pineale

Corpus geniculatum mediale

CoUiculus superior
Brachium quadrigeminum
inferius

CoUiculus inferior

Lemniscus lateralis

Nervus trochlearis

Brachium conjunctivum

-.Brachium pontis

Fossa flocculi

. Crus flocculi

Nucleus dentatus
cerebelli

— Corpus ponto-bulbare

Fasciculus spinocerebellaris

Nervus spinalis

Fig. 481.—Lekt Latkral Aspect of a Bbain from which the Cerebral Hemisphere (with the ex-
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been removed.

the greater part of the pyramid of the opposite side. Another strand of fibres, viz.,

the fasciculus spinocerebellaris (posterior), prolonged upwards in the lateral funi-

culus of the medulla spinalis, gradually leaves this portion of the medulla oblongata.

This tract lies on the surface, and is frequently visible to the naked eye as a white

band (Fig. 481), which inclines obliquely backwards into the posterior district of the

medulla oblongata to join its ifpper part, or, in other words, to join the restiform

body. The remainder of the fibres of the lateral funiculus, comprising the fasci-

culus lateralis proprius and the fasciculus anterolateralis superficialis, is continued

upwards in the lateral area of the medulla oblongata, and at the inferior border of

the olive the majority of these fibres disappear from the surface by dipping into
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the substance of the medulla oblongata under cover of that projection. A small
proportion of the fibres, however, are retained on the surface and travel upwards
towards the pons in the interval, which exists between the posterior border of the

olive and the roots of the vagus and glossopharyngeal nerves.

The olive is a smooth oval projection which bulges out from the upper part of

the lateral area of tlie medulla oblongata. Its long axis is vertical and is about
half an inch long. It marks the position of the sul)jacent nucleus olivaris inferior,

a crumpled thin-walled sac of gray matter, which is separated from tlie surface only
by a very thin layer of superficial white matter.

Posterior Area of the Medulla Oblongata.—In its inferior half, this district is

bounded behiud by the posterior median iissure, and in its superior half by the lateral

margin of the medullary part of the floor of the fourth ventricle of the brain. In
front it is separated from the lateral area by the row of root-fila belonging

to the accessory, glossopharyngeal and vagus nerves. As in the lateral area, we
recognise an inferior portion and a superior portion, which appear continuous but
in reality are almost quite distinct the one from the other.

The inferior part of the posterior area corresponds more or less closely with the

posterior funiculus of the spinal medulla. In the cervical region the posterior

funiculus is divided by a septum of pia mater into a medial fasciculus gracilis

and a lateral fasciculus cuneatus. These are prolonged upwards into the medulla
oblongata, and in the lower part of the posterior area they stand out distinctly,

and are separated one from the other by a continuation upwards from the spinal

medulla of the sulcus intermedins posterior. In the medulla oblongata the medial
of these strands is called the funiculus gracilis, whilst the lateral one is designated

the funiculus cuneatus. When they reach the level of the inferior part of the floor

of the fourth ventricle, each ends in a slightly expanded bulbous prominence.

The swollen extremity of the funiculus gracilis is called the clava. This is thrust

aside from its fellow of the opposite side by the opening up of the medulla
oblongata to form the floor of the fourth ventricle, and the central canal opens on
the surface in the angle between the two clavie.

The elongated prominences formed on the surface of tlie medulla oblongata by
these two strands and their enlarged extremities are due to the presence of two
elongated nuclei or collections of gray matter which make their appearance
subjacent to the strands, and represent the termini of these uppermost extensions

of the spinal posterior root -fibres. These are termed respectively the nucleus

gracilis and nucleus cuneatus. [As it is the slenderness of the one nucleus and the

wedge-shape of the other in transverse section which gave rise to the terms gracilis

and cuneatus respectively, it is clearly vrrong to introduce the word funiculi into

the B.N. A. terminology. The funiculi were named from the nuclei and not the

nuclei frojn the funiculi.]

But a third longitudinal elevation is also apparent on the surface of the inferior

part of the posterior area of the medulla oblongata. This is placed on the lateral

side of the funiculus cuneatus—between it and the posterior row of nerve-roots

—

and it has no counterpart in the posterior funiculus of the medulla spinalis. It

is called the tuberculum cinereum. It is produced by a mass of substantia gelatinosa

coming close to the surface and forming a bulging in this situation. Extremely
narrow below, it widens as it is traced upwards, and finally ends in an expanded
extreudty. A thin layer of white matter, compo.sed of longitudinally arranged

fibres, is spread over this district, and separates the substantia gelatinosa li'om the

surface. These fibres constitute the tractus spinalis of the trigeminal nerve, which
here assumes a superficial position as it descends in the medulla oblongata.

Corpus Restiforme.—The restiform body forms the upper part of the posterior

area of the medulla oblongata. It lies between the floor of the fourth ventricle and
the roots of the vagus and glossopharyngeal ner-ves. It is a large and prominent
rope -like strand, which inclines upwards and laterally, and then finally takes

a turn backwards and enters the cerebellum. It forms the great link of connexion
between the cerebellum on the one hand and the medulla oblongata and spinal

medulla on the other, and consequently it is also called the inferior cerebellar

peduncle. A study of the surface of the medulla oblongata yields some important

36 a
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mformation regarding the constitution of the restiform body. Thus, the posterior

spino-cerebellar tract (Eig. 481), from the lateral column of the spinal medulla,

can be traced into it ; and large numbers of fibres which take a curved course on

the surface of the medulla oblongata may likewise be followed into it ; these are

the external arcuate fibres. Numerous other fibres enter the restiform body on its

deep aspect, but these will be studied at a later stage.

Fibrae Arcuatae Externse.—The external arcuate fibres enter into the constitu-

tion of the restiform body, after pursuing a longer or shorter course on the

surface of the medulla (Eig. 481).

They are more particularly seen in the neighbourhood of the olive, over the

surface of which they may be observed coursing in the form of a number of fine

curved bundles or as a continuous sheet of fibres. They vary greatly in number
and in distinctness, and they are sometimes so numerous that they cover the

olive almost entirely. An attentive examination will show that the majority of

them come to the surface in the median fissure between the pyramids, and also,

not infrequently, in the groove between the pyramid and olive, or through the

substance of the pyramid itself The anterior median fissure in its upper part is

often almost completely blocked up by these emerging fibres. The external arcuate

fibres, reaching the surface of the medulla in this manner, turn backwards, and

the great majority enter the restiform body and form a considerable part of its

outer portion.

Other arcuate fibres arise in the cuneate and gracile nuclei, and enter the

restiform body of the same side. Van Gehuchten, however, denies this.

There is frequently present, especially upon the left side, a bundle of fibres

that is usually mistaken for a group of arcuate fibres. It is the fasciculus circum-

olivaris pyramidis (Eig. 481). It consists of a bundle of' varying size which emerges

from the pyramid, bends backwards, curving round the inferior border of the olive,

and then passes obliquely upward and backwards to end in a fusiform ridge of gray

matter, the corpus ponto-bulbare (Essick), which crosses the restiform body very

obliquely (Eig. 481, the ridge immediately posterior to the fila of the vagus nerve).

These structures are of great morphological interest, and will be referred to

again in the succeeding pages (see Eig. 499, p. 566).

PONS.

The pons (O.T. pons Varolii) is a marked white prominence on the basal aspect

of the brain which is interposed between the medulla oblongata and the pedunculi

cerebri, and lies in front of the cerebellum. It is convex from side to side, and from

above downwards, and transverse streaks on its surface show that, superficially at

least, it is composed of bundles of nerve-fibres, most of which' course transversely.

On each side these transverse fibres are collected together in the form of a large

comy^act strand, which sinks in a backward and lateral direction into the white

matter of the corresponding hemisphere of the -cerebellum. This strand is termed

the brachium pontis, and the term "pons," applied to the entire structure, expresses

in an admirable way the arch-like manner in which this portion of the brain

bridges across the interval between the two cerebellar hemispheres.

The ventral surface of the pons is in relation to the basilar part of the

occipital bone and the dorsum sellee of the sphenoid bone. It presents a median

groove (sulcus basilaris), which gradually widens as it is traced upwards : it

lodf^es the basilar artery. This median depression is produced by the prominence

which is caused on each side by the passage of the cerebro-spinal fasciculus down-

wards through the pons. The trigeminal nerve, with its large entering sensory root

and its small emerging motor root, is attached to the side of the anterior aspect of the

pons, nearer its superior than its inferior border (Eig. 481). It is usual to restrict

the term " pons " to that portion of the structure which lies between the two tri-

geminal nerves, and to apply the designation of brachium pontis to the part which

extends beyond the nerve into the hemisphere of the cerebellum. The abducens

neive, the facial nerve, and the acoustic nerve are attached to the brain at the inferior

border of the pons. The abducens nerve emerges at the inferior border of the pons
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opposite the lateral border of the pyramid
; the facial and acoustic are also attached

to the inferior edge of the pons, but far away from the median plane. The acoustic
nerve is in contact with the cerebellum and the facial is on its medial side, with its

sensory root (the nervus intermedins) between them (Figs. 478, 481). A lar<re bundle
of til»res upon the front of tlie pons departs from the transverse courst- pursued by
most of the pontine tibres, and starting at tlie medial side of the trigeminal nerve,
passes almost vertically downwards between the facial and acoustic nerves (Fig.

526, p. 593) and reaches the lateral aspect of the medulla oblongata, where it passes
into the corpus ponto-bulbare (Fig. 481). This bundle is known as the fasciculus

obliquus [pontis]. It is interesting to observe that while the facial nerve lies upon
the medial side of this oblique bundle, its sensory root (the nervus intermedins) is

placed on its lateral aspect, alongside the acoustic nerve (Fig. 527, p. 594).
Immediately below the insertion of the acoustic nerve at the inferior margin of

the pons a little calyx-like appendage of the epithelial roof of the fourth ventricle
(recessus lateralis) projects laterally, partly behind the glossopliaryngeal nerve.
Through an elliptical aperture in this epithelial process (apertura lateralis

ventriculi quarti) a little caulitlower-like mass of chorioid plexus becomes extruded
between the acoustic and the glossopharyngeal nerves (Fig. 527, p. 594).

The posterior surface of the pons looks backwards towards the cerebellum, and
presents a triangular area covered with gray matter, which forms the superior part
of the anterior wall or floor of the fourth ventricle. This area is directly continuous
inferiorly with the medullary part of the floor of the fourtli ventricle, and is bounded
on each side by a band of white matter termed the brachium conjunctivimi (Fifj. 482).

Brachia Conjunctiva (O.T. Superior Peduncles of the Cerebellum)"—The
brachia conjunctiva are hidden from view by the superior part of the cerebellum,
under cover of which they lie. They emerge from the hemispheres of the cerebellum,
and, as they proceed upwards on the dorsal aspect of the pons, they converge towards
each other until, at the inferior level of the corpora quadrigemina, the medial
margins of the two brachia become almost contiguous (Fig. 482, p. 550). At first

they form the lateral boundaries of the superior part of the fourth ventricle ; but,

as they ascend and approach closer to each other, they gradually come to overhano-

that cavity, and thus enter into the formation of its roof. They disappear from
the surface of the brain by dipping under cover of the quadrigeminal bodies and
entering the substance of the mesencephalon.

Velum MeduUare Anterius.—Filling up the triangular interval between the two
brachia conjunctiva, and stretching across from the medial and free margin of the
one to the corresponding margin of the other, is a thin layer of white matter which
completes the roof or dorsal wall of the upper part of the fourth ventricle, and
receives the name of the anterior medullary velum. When traced downwards, the
velum is seen to be carried, with the brachia conjunctiva, into the white matter of

the cerebellum. Spread out on its posterior or superior surface is a small, thin,

tongue-shaped prolongation of .gray matter from the cortex of the cerebellum,

which is termed the lingula, whilst issuing from its substance close to the inferior

quadrigeminal bodies are the two trocMear nerves.

VEXTRICULUS QUART US.

Fourth Ventricle.—The fourth ventricle of the brain is somewhat rhomboidal in

form. Below, it tapers to a point and becomes continuous with the central canal

of the lower half of the medulla oblongata ; above, it narrows in a similar manner
and is continued into the aquaeductus cerebri, which tunnels the mesencephalon.
The posterior wall is termed the tegmen or roof and is concealed by the cerebellum.

The anterior wall is called the floor and is formed by the dorsal surface of the
pons and the corresponding surface of the medulla oblongata. On each side a long,

curved and narrow prolongation of the ventricular cavity is carried laterally from
its widest part and curves round the upper part of the corresponding restiform

body. This is termed the recessus lateralis. The roof of the cavity is very thin
and is intimately connected with the cerebellum. It is better, therefore, to defer

its description until" that part of the brain has been studied.

36 5
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Fossa Rhomboidea (floor of the fourth ventricle).—In its inferior part the floor

of the fourth ventricle is formed by the dorsal surface of the ventral part of the

medulla oblongata, whilst in its superior part it is formed by the dorsal surface

of the pons (Fig. 482). The area thus constituted is lozenge-shaped, its

widest part being opposite the superior ends of the restiform bodies or inferior

peduncles of the cerebellum. A thick layer of gray matter, continuous with

that which surrounds the central canal, is spread out like a carpet over the

ventricular floor, and covering this there is the usual ependymal layer which lines

all the ventricles of the brain. The area is circumscribed by definite lateral

boundaries. Thus, heloiv, it is bounded on each side by (1) the clava, (2) the

expanded upper end of the funiculus cuneatus, and (3) the restiform body ;
whilst

above, the lateral limits are formed by the brachia conjunctiva.

The floor of the fourth ventricle is divided into two symmetrical portions by

a median groove. Its lower narrow pointed portion between the two clavse receives

the name of the pars inferior, or, from its resemblance to the point of a pen,

Frenulum veli- -^

Inferior colliculus

Trochlear nerve

Velum medullare
aiiterius with-

lingula

Colliculus
facialis

Area acustica
crossed by stria;

-

medullares

Fovea inferior --

Trigonum
_

hypoglossi

Bracliium conjnnc-
tivum

Fovea superior

. Brachium pontis

Bracliium con-
junctivuni

Restiform'^body

riii; medullares

--.Area acustica

- Ala cinerea

- Funiculus separans

" Area postrema

Funiculus cuneatus

Fig. 482.

—

Floor of the Fourth Ventricle. On the right side the right half of the cerebellum has been
removed by cutting through its three peduncles and dividing it in the median plane. On the left side

the left half of the cerebellum is drawn over to the left so as to expose tlie floor of the ventricle fully.

the calamus scriptorius. Crossing each half of the floor, at its widest part, are several

more or less conspicuous bundles of fibres termed the striae medullares. They begin
upon the lateral and posterior aspects of the restiform body, where they spring

from the cochlear nuclei, pass transversely medially, and disappear from view in the

median furrow. The striae medullares exhibit a large amount of variation in

different specimens, both in their degree of prominence and also in the direction

which they pursue. It is not uncommon to find that no trace of them is visible

upon the surface.

On the inferior (bulbar) district of the ventricular floor a small triangular depres-

sion, yjlaced immediately below the striae medullares, catches the eye. This is

termed the fovea inferior. It is shaped somewhat like an arrow-head. The apex
or point looks towards the striae, whilst the lateral angles of the base are prolonged
downwards in the form of diverging grooves (Fig. 482). Of these, the medial
groove runs towards the opening of the central canal at the calamus scriptorius,

whilst the lateral groove runs towards the lateral boundary of the floor. In this
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manner the portion of the tloor which lies below the striae medullaros is mapped out

into tliree triant^ular areas. The medial subdivision is slightly elevated and is

termed the trigonum nervi hypoglossi, because 8ul)jacent to tlie medial ]>art of this

area is the uucUuih of origin of the liypoglossjil nerve. Tlie intermediate area,

between tlio two diverging grooves which proceed I'rom the liase of the fovea

inferior, is the ala cinerea. It is sometimes called the trigonum n. vagi because

the nucleus of tlie vagus and the glossopharyngeal nerves lies sultjacent to it.

Near the lateral angle is the area acustica. The base of this area is directed

upwards aiul runs directly into an eminence over which the stria? medullares

pass. Subjacent to this district of tlie Hoor of the ventricle lies the large terminal

chief nucleus of the vestibuLir division of the acoustic nerve. A more accurate

name for the area acustica would be area vestibularis.

A close inspection of the pars inferior fossiu rlioniboidetc will show that the ba.se of the

trigonum vagi is separated from the medial margin of the clava by a narrow lanceolate strip of

the ventricular Hoor, to which lletzius has given the name of area postrema. Beneath this area

is some vascular tis.sue (Streeter), and marking it off on its .superior and mcilial aspect from the

base of the trigonum vagi there is a translucent c(trd-like ridge called the funiculus separans.

When the floor of the ventricle is e.xamined under water with a magnifying glas.s, the

trigonum hyj'oglossi is seen to consist of a narrow medial strip which corresponds to the hypo-
glo.ssal nucleus, and a wider lateral part which has been shown to be the surface representation

of another nucleus termed the nucleus intercalatus (Streeter).

On the part of the floor of the ventricle which lies above the striai medul-

lares, and corresponds to the dorsal surface of the pons, there is also a slight

depression, termed the fovea superior. Between it and the median groove is a

marked prominence called the eminentia medialis. Inferiorly this elevation passes

downwards and becomes continuous with the trigonum hypoglossi, whilst superiorly

it is carried upwards towards the opening of the aquteductus cerebri. In both

directions it gradually becomes less prominent, but still it forms a distinct

elongated elevation, which stretches alongside the whole length of the median

groove. As already stated, the area acustica extends upwards into the pontine

part of the ventricular floor and forms an elevated region in the most lateral part

of its widest portion, below and to the lateral side of the fovea superior. Proceed-

ing upwards from the fovea superior to the opening of the aqureductus cerebri

there is a shallow depression termed the locus coeruleus, seeing that it usually

presents a faint slate-blue colour. When the ependyma is scraped away from

the surface of this part of the floor, the colour is seen to be due to the substantia

ferruginea,—a name applied to a linear group of strongly pigmented cells, which

lies in the lateral part of the gray matter covering this portion of the ventricular

floor. When transverse sections are made through the superior part of the pons,

the substantia ferruginea appears on the cut surface as a small black spot or dot.

INTERNAL STRUCTURE OF MEDULLA OBLONGATA AND PONS.

The structure of the medulla oblongata and pons differs in a marked degree from

that of the spinal medulla : indeed, in its superior part, it presents very little in

common with the latter. Some of the largest fasciculi which come up from the spinal

medulla (such as the funiculus posterior) end in the lower part of the medulla

oblongata ; others leave the medulla oblongata and pass into the cerebellum ; and

of the bundles of fibres which pass upwards or downw^ards, from or to the spinal

medulla respectively, most of them come to occupy very ditferent positions in the

medulla oblongata and pons.

The gray matter instead of being moulded into one compact column, as is the

case in the spinal medulla, becomes broken up into a series of discrete nuclei.

Thus, there are developed from the basal lamina of the rhombencephalon not one

compact mass like the spinal anterior column, but three distinct broken columns

of efferent nuclei (Fig. 526, p. 593) :—(1) v. medial somatic column, which in turn is

broken up into two parts, a bulbar nucleus {the hypoglossal) which supplies the

motor fibres to the tongue muscles, and a pontine nucleus {the ahducens) which

supplies the lateral rectus muscle of the eye
; (2) a lateral somatic column, broken

up into separate nuclei, viz., accessorius, ambiguus, facial , and trigeminal, supplying
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the sterno-mastoid and trapezius muscles and the striated muscles of the larynx,

pharynx and face and those concerned with mastication ; and (3) a splanclmic

column of nuclei, giNTJig efferent fibres which pass out in the vagus, glosso-

pharyngeal and facial nerves, to be widely distributed to unstriped muscle, glands
and other tissues in the head, neck, thorax and abdomen.

Further, the terminal nuclei of the sensory nerves which are developed in the

alar iamina of the rhombencephalon do not unite to form a definite posterior

column, as happens in the spinal medulla, but form discrete masses ; and as

these act as receptive organs for a much greater variety of sensory nerves than
are represented in the spinal nerves there is a much greater number of nuclei than
would be formed if the various components of the posterior column in the spinal

medulla were dissociated. Tlius, there are terminal nuclei in the medulla oblongata
not only for the ordinary cutaneous nerves, but also for nerves coming from the

mucous membranes of the alimentary and respiratory organs, as well as from
other visceral structures ; and there are also special nerves of taste (nervus

intermedins and glossopharyngeal), of hearing (cochlear part of the acoustic) and
of equilibration (vestibular part of the acoustic). But this does not exhaust the

peculiar features of the terminal sensory nuclei of the rhombencephalon. In the

description of the spinal medulla attention was called to the fact that certain of

the fibres of the posterior nerve-root did not end in the gray matter of the spinal

medulla, but passed upwards throughout the whole length (above their points of

entry) of the funiculus posterior to reach the medulla oblongata. Special terminal

nuclei are developed from the alar lamina to receive these fibres. They are the

nucleus gracilis and nucleus cuneatus.

In addition, part of the terminal vestibular nucleus receives accessions of fibres

from these (gracile and cuneate) nuclei as well as from other sensory terminal

nuclei in the spinal medulla and develops into that great mass of tissue, the

cerebellum, to which vast numbers of other fibres come and go, adding considerably

to the complexity of the region of the pons and medulla oblongata. Moreover,

there is developed from the alar lamina a whole series of other masses of gray

matter—the nucleus olivaris inferior, nuclei arcuati, nucleus pontobulbaris and nuclei

pontis—as links in the complex chains that bind all parts of the central nervous

system to the great co-ordinating mechanism of the cerebellum.

Thus it comes about that, instead of haA-ing, as in the spinal medulla, a definite

column of gray matter ensheathed in a thick mass of white substance, the rhomb-
encephalon is composed of many scattered masses of gray matter; and its white sub-

stance is represented partly by great longitudinal strands, but also by many
great systems of fibres passing transversely through its substance, or upon its-

surface, e.g., the superficial fibres of the pons and many of the arcuate fibres.

From what has already been said concerning the external form of the medulla

oblongata and pons it will be apparent that the distortion of the neural

tube which occurred as the result of the pontine flexure has also been largely

responsible for the distinctive features of this region of the brain.i

As the pontine flexure develops, a strain is thrown upon the thin roof-plate,

which yields and Vjecomes stretched so as to permit the thick lateral walls of the

neural tube to fall laterally (Figs. 483 and 484). One result of this process is the

great lateral expansion of the cavity of the hind-brain, which assumes the charac-

teristic rhomboid form. If the thin and greatly attenuated epithelial roof is torn

away from the rhombencephalon of an embryo of the third month the fourth

ventricle will present the appearance (viewed from behind) shown in Fig. 483.

The ventricle is seen to be jjrolonged laterally, on each side, to form a little recess

upon the lateral aspect of the rhombencephalon. This is called the recessus lateralis.

This thin epithelial roof becomes invaginated towards the cavity of the fourth

ventricle, on each side of the median plane, in the whole length of the epithelial

roof, i.e. from the cerebellar attachment, above, almost as far as the closed part of

the medulla oblongata below (Fig. 519). The upper end of this invaginated fold

becomes prolonged laterally as far as the extremity of the recessus lateralis (Fig.

527). Pia mater and blood-vessels extend into these folds, which are then known
as the chorioid plexuses of the fourth ventricle. At the extremities of these two
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plexuses, which are situated at the three corners of the epithelial roof of tlie ventricle,

oval or elliptical perforations develop in

the roof at about the fifth month of fd-tal

life. These are known as the apertura

medialis ventriculi quarti (O.T. foramen of

Magendie), which opens hetween tht- clavK
on tlu> j)osterior surface and the aperturae

laterales upon the anterior faces of the

lateral recesses (Fig. 527), hehind the in-

sertion of the glossopharyngeal nerve on
each side. Through eacli of these lateral

openings the great swollen cauli(lower-like

extremity of the chorioid plexus becomes
extruded from the ventricle. The inferior

extremities of the two plexuses lying side

by side present an analogous relationship

to the apertura medialis, but they are

exceedingly attenuated and the epithelial

lamella from which they spring becomes
dragged l)ackwards into contact with the
cerebellum (Fig. 477), so that, when seen
from below, the apertura medialis is a great

funnel-sliaped tube leading into the fourth

ventricle and the chorioid plexuses look

like two delicate vascular fringes on the

cerebellum.

These three apertures are the only

means provided for the escape of the fluid
contained in the ventricles of the central

nervous system. The fluid is poured into

a space, enclosed by the arachnoid, which
is called the subarachnoid space.

As a result of the pontine flexure the

side walls of the neural tube in the

neiglibourhood of the bend fall away the

one from the other and eventually come
to be placed in the same transverse plane.

Fig.

HYPOGL.N

483.

—

Transverse Sections across the
Medulla Oblongata in two Human E.mbryos,

representing dikkerent stages in the ex-
PANSION OF THE Hook and the falling later-

ally OF THE Side Walls. (From His, slightl)-

modified.)

Cerebrum

Mesencephalon

one with the other and
also with the floor-plate.

At the time this process

is in operation (see Fig.

483) the alar and basal

laminae are particularly

well defined, and the

limiting sulci are ac-

centuated by the 1 tending

of the side wall ; but

tliis sharp distinction is

soon lost as the result of

the great expansion of

the basal lamina (Fig.

485). This is due not

only to growth of its

intrinsic elements, but
even more to its in-

Fig. 484.—The Brain of an E.mbryo of eleven weeks, viewed from Vasion by large numbers
behind. The epithelial roof of the fourth ventricle has been removed. Qf neuroV)lastS which
At this stage the cerebellum is in the form of a simple l)and or plate • , r.

,

f 1 i 1

which arches over the posterior aspect of the anterior part of the cavity
nilj^raiC IlOm Cne aiar

of the hind-brain. (From His.) intO the basal lamina.

Early ceretwllum

Cavity of
fourth ventricle

Lateral recess

nlla oblongata
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, .^oop ^^ vef»'^'"ct.c IV.

Later still, the development of the great sensory and motor tracts contributes

largely to the dimensions of the basal lamina.

As the two basal laminae (one on each side of the median plane) increase in

thickness the epithelial cells in the intervening floor-plate become stretched and
lengthened (Fig. 483), so that a definite septum or raphe is formed between the

two halves of the rhombencephalon.
The fate of the extreme posterior edge of the alar lamina is very interesting.

The nervus acusticus is inserted into this edge in the region of the recessus

lateralis, and from it masses of neuroblasts develop to form receptive nuclei for

the two parts of this nerve, these being the cochlear and vestibular. These are the

nucleus cochlearis and nucleus vestibularis respectively. Sensory fasciculi, bringing

impulses from muscles, skin and related structures in all parts of the body, make
their way into the superior part of the vestibular nucleus, and it grows and forms

a large thickening of the posterior edge above the recessus lateralis. Eventually, as

it extends medially (Fig. 484), it reaches and invades the roof-plate and fuses with

the corresponding rudiment of the other side. Thus a semilunar band, the

primitive cerebellum, is formed, arching across the posterior aspect of the meten-
cephalon. The part of the dorsal edge which lies below the vestibular nucleus

becomes bent over (forwards) to form what is known as the rhombic lip (Fig. 483).

It is destined to be transformed into a series of masses of gray matter, the chief

function of which is to emit fibres to carry

impulses into the cerebellum. But most of

» these fibres pass not so much to the part of

the cerebellum derived from their own side

as to that of the opposite side. Thus, from
above downwards, the thickened margin of

the fossa rhomboidea on each side develops

into the following structures :—cerebellum,

the rest of the vestibular nucleus, the

cochlear nucleus, the nuclei pontis (and
arcuate nuclei), the olivary nucleus, the

c, ,&' T„.x-o„„„.„ i<„.,^rr.^r r.^ ^r,^ xx^.r x-
nuclcus gracilis and the nucleus cuneatus.

Fig. 4 So.—Tkaxsver.se Sectios of the Human '^

Embbto at a Later Stage than those At an early stage ot development most ot the
sHowx IN Fig. 48-3. (After His.) neuroblasts that form the rudiments of the

nuclei pontis, nuclei arcuati, and nucleus

olivaris inferior begin a process of migration, the course of which is deter-

mined by the source and direction of the afferent tracts passing into each nucleus.

Such migrations are of common occurrence throughout the brain, and attempts to

explain them have given rise to much discussion. The attractive force which appears

to lead certain nerve-cells away from the place where they originally developed has

been called neurohiotaxis by Ariens-Kappers. But the solution of the problems of

these migrations is quite a simple one. If we take the case of a nerve-cell (A), at

an early stage of development, which collects afferent impulses through its dendrites

from the cell B, and emits an efferent impulse through its axon to the cell C : as

the whole nervous system is very small at the stage under consideration, the three

cells necessarily will be comparatively close the one to the other—a fact which may
h»e represented by the positions of the letters thus :

—

B—A—C.
In the course of subsequent growth it must inevitably happen that the points B
and C will become removed further and further apart. If we suppose that the

cell B remains constant, the cell A will be faced with two alternatives if it is to

continue to link together the elements B and C : either its dendrites or its axon
must elongate. Now the axon is specially modified in structure for conducting

impulses for long distances, and the dendrites are not so specialised. Therefore

it invariably hapjjens that it is the axon that becomes lengthened. In other words
the cell-body A, considered in its relations to C, appears to migrate towards the

direction B from which its chief supply of afferent impulses comes. This may be

represented thus:

—

H/POGLOSSAL

B—A -a
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In the specific case we are considering the vestibular nucleus and the cerebellum

receive their chief supply of atterent fibres from the incoming vestibular nerve: hence

there is no reason for migration. Similarly the nucleus gracilis and nucleus cuneatus

receive the fibres which come up through the funiculus posterior and remain where

they are. But the nuclei pontis, the olivary nucleus, and the ancuate nuclei are
" fed " with impulses passing downwards (and some perhaps upwards) in the V)a8al

lamina, close to the median plane, aud they " migrate " towards the direction from

which their afferent paths are approaching ; the nuclei pontis towards the peduncles

of the cerebrum bringing cerebro-pontine fibres from the cerebral cortex, and the

olivary nucleus to the neighbourhood of certain descending tegmental tracts and
ascending spinal sensory tracts that seem to supply the attractive force, which leads

them to forsake the rhombic lip of the alar lamina and migrate into the basal lamina.

The majority of the cells destined to form the nuclei pontis wander obliquely

upwards and forwards between the facial and acoustic nerves to reach the basal

Re«tiforiu boily
Vagu-glowophar7iigeal
roots

I
Nucleus of the

travtus solitariua

I Twnm

Fiisciculua tect'>spiuHli»

TVigemioal tract passing
to the two parta of the'

uiedial lemDisc'US

Vagus n ucleus

Tractiia sulltarius

Descending root of veatibular nerve

Va^o-gl<issopharyDgeal roots

1^ Fiiaciciilus apinoccrebellarla

posterior

Fasciculiu longitudinalis
medial is

Nucleus tractus spinalis

nervi trigeuiini [nerve

Trictiis spinalis of trigeminal

Nucleus anibiguus
Fasciculus rnbrospinalis

•erebellar fibres

Fasciculus spinothalamicus
Dorsal accessory olivary nucleus

7*— Fasciculus spinocerebellaris anterior

i External arcuate fibres

Lemniscus uiedialis

Me»lial accessory olivary nucleus

Fasciculus tegmento-oliraiis

Inferior olivary nucleus

Arcuate nucleus

Fio. 486.

—

Tkans\'erse Section through the Middle of the Olivary Region of the Human Medulla
Oblongata.

The floor of the fourth ventricle is seen, and it will he noticed that the restiform body, on each side, has

now taken definite shape. Some of the descending tracts in red ; ascending tracts in blue.

lamina of the metencephalon. But strewn along this pathway from the edge of

the fossa rhomboidea to the front of the pons are scattered nerve-cells which have,

so to speak, fallen by the way, and remain to indicate in the adult brain the path

taken by the mcajority of their sister cells. This remnant forms the corpus ponto-

bulbare : the pontine fibres that spring from its cells and are making their way
upwards to fall in line (Fig. 499, p. 566) with the other transverse fibres of the pons

form the fasciculus obliquus [pontis], and the cerebro-pontine fibres that pass below

the pons in order to reach this outlying part (corpus ponto-bulbare) of the nuclei

pontis constitute the fasciculus circumolivaris pyramidis (Fig. 517, p. 583).

But not all of the elements of the nuclei pontis that migrate pass into the

metencephalon ; a certain proportion of them invariably pass into the myelen-

cephalon. These collect upon the anterior surface of the pyramids to form small

irregular patches of gray matter which have received the namfe nuclei arcuati.

Their afferent fibres (probably cerebro-pontine) come from the pyramids ;
and their

efferent fibres (which .proceed to the cerebellum) form some of the fibrae arcuatae

extemae, which are visible upon the surface of the medulla oblongata (Fig. 486).

Olivary Nuclei.—The most conspicuous of the isolated clumps of gray matter
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in the medulla are the inferior olivary nucleus and the two accessory olivary

nuclei. The nucleus olivaris inferior is the mass of gray substance which produces

the swelhng known as the olive, and constitutes a very striking object in trans-

verse sections through this region. It presents the appearance of a thick wavy or

undulating line .of gray matter, folded on itself, so as to enclose a space filled with

white matter. It is in reality a crumpled lamina arranged in a purse-like manner,
with an open mouth or slit, which is called the hilum (hilus nuclei olivaris), directed

towards the median plane. The hilum does not reach either extremity, so that in

transverse sections through either end of the nucleus the gray lamina is seen in the

form of a completely closed capsule. Into and out of the open mouth of the

olivary capsule streams a dense crowd of fibres. .These constitute what is called

the olivary peduncle.

The accessory olivary nuclei are two band-like laminae of gray matter, which
are respectively placed on the dorsal and medial aspects of the main nucleus. In

transverse section each of these nuclei presents a rod-like appearance (Fig. 486).

The medial accessory olivary nucleus extends lower down in the medulla oblongata

than the main nucleus, and it is much larger in its lower than in its upper part.

It begins immediately above the decussation of the pyramids, where it is seen lying on

the lateral side of the cerebro-spinal fasciculus and the lemniscus medialis (Fig. 486).

Higher up it lies across the mouth of the main nucleus and on the lateral side of the

medial lemniscus. The dorsal accessory olivary nucleus is placed close to the dorsal aspect

of the main nucleus. The two accessory miclei fuse together before they finally disappear.

The nerve-cells of the inferior olivary nucleus are small and round, and emit a large

series of short radiating, complexly branched dendrites, so that the cell-body seems to lie

in the centre of a spherical

mass formed by its own den-

drites and an almost equally

complex mass of intertwined

end branches of the axons

which bring impulses into thege

cells. There is no definite in-

formation as to the place of

origin of these afferent fibres.

Flechsig and Bechterew, using

different methods of investiga-

tion, have demonstrated the

presence of a large descending-

tract in the mesencephalon and
rhombencephalon, which ends

amidst the cells of the lateral

Fig. 487.—The Inferior Olivary Nucleus, as reconstructed aod pole of the olivary nucleus,

figured by Florence R. Sabin. This has been called the fasci-

View of the dorso-lateral and lateral surfaces. cuius thalamo-olivaris, but it is

not quite certain that it arises

in the thalamus, although its origin must be somewhere in the neighbourhood of it.

Flechsig denies that any fibres reach the olivary nucleus from the spinal medulla, but
the proximity of the spino-thalamic and bulbo-thalamic (lemniscus medialis) fibres and

the demonstration of Ramon y Cajal that fibres enter the nucleus olivaris from adjoining

fasciculi in these regions suggest that there may be a spinal afferent path.

There seems to be a direct relationship between the size of the inferior olivary nucleus

and the extent of the cortical area that presides over highly skilled movements.

The axons emitted by the cells of the olivary nucleus cross the median raphe

and j)ass through the opposite side of the medulla oblongata as internal arcuate

fibres, which enter the restiform body and pass into the cerebellum.^

These fibres are seen only in the superior part of the medulla oblongata. They
form the deep part of the restiform body and constitute its chief bulk. Streaming

out from the hilum of the inferior olivary nucleus, they cross the median plane, and
in the opposite side of the medulla oblongata they either pass through the inferior

^ These fibres should be called i\it. fasciculus olivocerebellaris, by which designation they will be referred

to in this account, but in the recognised nomenclature (which most writers do not follow in this instance) the

tract is called " cerebello-olivaris."
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olivary nucleus of that side or sweep round it. Ultimately, on the dorsal aspect
of the olivary nucleus, they are gathered together in the form of a conspicuous
group of arcuate fibres, which curve backwards to take up a position in the deep
part of the restiform body. In passing back, they traverse the tractus spinalis of
the trigeminal nerve and break it up into several separate bundles. The
olivo-cere])ellar fibres thus connect the inferior olivary nucleus of one side with
the opposite side of the cerebellum. Each part of the inferior olivary nucleus is

connected with a definite part of the cerebellum.

Decussation of the Pyramids and the Changes produced thereby.—As we
examine, under the microscope, a series of successive transverse sections through the
inferior end of the medulla oblongata and the upper end of the spinal medulla, the
most striking change which meets the eye is the decussation of the lateral cerebro-

spinal tracts. From their position alongside the anterior median fissure of the
medulla oblongata most of the fibres of the pyramid cross the median plane

and, after passing
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Diagram of the Fasciculus Olivocekebellarls (Cerebello-
Oi.ivARY Fibres).

(This diagram lias been constructed from the specimen figured on p. 555.)

N.X., Vago-glossopharyngeal nucleus. N.XIL, Hypoglossal nucleus.

the opposite lateral funiculus of the spinal medulla, form the fasciculus cerebro-
spinalis, whilst the lateral fourth of the pyramid proceeds downwai-ds in the anterior
funiculus of the spinal medulla of the same side, as the fasciculus cerebrospiualis
anterior. A considerable amount of variation, however, occurs in the proportion of fibres
which is allotted to the formation of these two tracts. Sometimes tlie lateral cerebro-
spinal tract is much larger than usual, and then the anterior cerebro-spinal tract suffers
a corresponding diminution in size. Cases, indeed, occur in which the entire pyramid
enters into the decussation, and in these there is no anterior cerebro-spinal tract.
Further, it is not uncommon to meet with variations of an opposite kind which lead to
an increase of the anterior cerebro-spinal tract at the expense of the lateral cerebro-
spinal tract. Sometimes the decussation is asymmetrical, and the corresponding cerebro-
spinal tracts on opposite sides of the spinal medulla are then unequal in size. One
factor that often comes into play and causes asymmetry is the prolongation downwards
into the pyramid on one side (usualh' the left) of .some of the cerebro-pontine fibres. In
such cases these fibres soon leave the pyramid and form the fasciculus circumolivaris.

The variations indicated above receive an additional interest when viewed in the lio-ht

of comparative anatomy. It would appear that only in man and the anthropoid apes is

the decussation of the pyramids in the inferior part of the medulla oblongata incomplete.
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According to Sherrington, an anterior cerebro-spinal tract in the spinal medulla of the
anthropoid apes stands in connexion with the arm-centre in the cerebral cortex. If this is
the case in man it must have other connexions as well, seeing that it is carried down the
spinal medulla for a considerable distance beyond the level of the spinal segments which
give motor fibres to the upper limb. In the lower apes an anterior cerebro-spinal tract

does not seem to exist

:
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As we have noted,

the decussating pyra-

midal bundles pass

through the anterior

column of gray mat-
ter, and cut it into

two portions (Figs.

489 and 490). The
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position on the an-

terior and lateral

aspect of the central

canal, and forms part

of the thick layer of

gray matter which
surrounds it. The

detached head of the anterior column is set free ; and from the large multipolar

cells which lie in its midst some of the fibres of the anterior root of the first

cervical nerve, and also some of the root fibres of the accessory nerve, take origin.

As we proceed into the medulla oblongata another effect of the decussation

of the pyramids is seen in the submergence from the surface of the strand of

fibres which, in the anterior funiculus of the spinal medulla, lies to the lateral side

of the anterior cerebro-spinal tract, and which receives the name of the fasciculus

anterior proprius. While the decussation is going on the fasciculus proprius is

thrust aside, and m the medulla oblongata, it takes up its position as a flattened

band -like strand on ^^ _^^
FunicTilus gracilis

Gracile nucleu

Central gray mat. .

Central caual

Fasciculus anterior proprir.-^

ryramid Pyramid

489.

—

Section through the Inferior End of the Meddlla Oblongata
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strand, which is termed the medial longitudinal bundle (Figs. 494 and 495).
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as it is traced upwards, is observed to cling closely to its original relationsliip

with the fasciculus anterior proprius. It is applied to the lateral side of this strand,

and, gradually becoming smaller, finally disappears at the level of the inferior part

of the inferior olivary nucleus.

Cuneate and Gracile Fasciculi, with their Nuclei.—As the fasciculus gracilis

and the fasciculus cuneatus of the posterior funiculus of the spinal medulla are

traced up into the medulla oblongata they seem to increase in bulk, and in trans-

verse sections they assume the form of massive wedge-shaped strands, quite

distinct from each other. They increase in width and lose considerably in depth,

and conseciuently the transverse diameter of the area which they occupy becomes

greater. As a result of this, and also owing to the removal of the lateral

cerebro-spinal tract from the lateral funiculus of the spinal medulla immediately

in front, the posterior column of gray matter is gradually rotated forwards and
comes to lie transversely and in the same straight line with its fellow of the

Funiculus gracilis

Gracile nucleus

Funiculus cuneatus

, Cuneate nucleus

Central canal

Accessory cuneate
nucleus

Tractus spinalis of
fifth nerve

Nucleus tractus
spinalis nervi
trigeniini

Internal arcuate
fibres

Fasciculus anterior
proprius

Decussation of
lemniscus nieilialis

Inferior
olivary nucleus

Fasciculus
anterior proprius

Medial olivary

nucleus

Pyramid

Arcuate nucleus covered
— superficially by external

arcuate fibres

FlO. 491. -Section through the Closed Part of the Human Medulla Oblongata immediately
ABOVE the Decussation op the Pyramids (Weigert-Pal specimen).

opposite side (Figs. 490 and 491). The substantia gelatinosa, at the same time,

becomes increased in quantity and presents a horseshoe-shaped outline in trans-

verse section. It clasps within its concavity the somewhat reduced head of the

posterior column, and forms with it a conspicuous circular mass of gray matter

which lies close to the surface, and produces upon it the bulging termed the

tuberculum ciuereum. The basal portion of the posterior column of gray matter

remains upon the dorsal and lateral aspect of the central canal, and forms a

portion of the central gray mass of the closed part of the medulla oblongata ; but

very soon the neck of the column, which at this level is greatly reduced owing to

the absence of entering posterior nerve-roots, is invaded by bundles of fibres

which traverse it in different directions and convert it into a formatio reticularis.

By this means the rounded head of the posterior column becomes cut off from the

central gray matter, and from this point upwards it remains as an isolated gray

column intimately associated with the spinal root of the trigeminal nerve. It has,

in fact, become the nucleus tractus spinalis nervi trigemini.

The gracile and cuneate nuclei are seen in their most typical form in sections

at the level of the decussation of the pyramids (Figs. 489 and 490). The gracile
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Cuneate nucleus

nucleus appears in the form of a relatively slender mass of gray matter in the
interior of the funiculus gracilis.

The cuneate nucleus is a direct offshoot from that part of the base of the
posterior column of gray matter which is preserved as a portion of the central

gray mass. In transverse section it is seen to invade the funiculus cuneatus upon
its deep aspect, and it gradually grows backwards into its substance. It presents

Graciie nucleus ^ vcry different appearance from
the graciie nucleus, because
throughout its whole length the

gray nucleus and the fibres of

the strand are separated from
each other by a sharp line of

demarcation. A little higher up
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cuneate funiculi rapidly decreases, until, at the level of the clava and cuneate

tubercles, it is seen that these eminences are composed almost entirely of the

gray nuclei, covered by a thin layer of the few remaining fibres of the two fasciculi

involved. It would appear that no fibres belonging to the funiculus gracilis and
funiculus cuneatus get beyond these nuclei. They all end in fine terminal

ramifications around the cells of the nuclei. In the case of the funiculus cuneatus
the bundles of fibres, as they pass from the surface into the subjacent gray nucleus,

are very distinctly seen in transverse sections through the bulb.

When the medulla oblongata opens up into the fourth ventricle the graciie,

and cuneate nuclei are pushed laterally by the expanding ventricular floor, and
the graciie nucleus soon comes to an end ; but the cuneate nucleus extends

upwards for a short

distance farther,and
terminates only
when the restiform

body begins to take

definite shape on its

lateral aspect.
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medulla oblongata

in the median plane,

and upon the dorsal
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mids. This is the decussation of the lemniscus medialis, or the sensory decussation,

so-called in contradistinction to the term " motor decussation," which is sometimes

applied to the decu.ssation of the pyramids. The fibres which take part in this

decussation are called internal arcuate fibres, and they are derived from the cells of

the graciie and cuneate nuclei. From the deep aspects of these nuclei these fibres
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Transverse Section through the Middle of the Olivary Region ok the Human Medulla
Oblongata.

The Hoor of the fouilh ventricle is seen, and it will be noticed that the restiform body on each .side has

now taken definite shape. Some of the desccmliug tracts in red ; ascending tracts in blue.

curve forwards in a uan-ow group round the central gray matter (Figs. 494 and 495). Soon,

other finer bundles appear, which describe wider curves on the lateral side of the coarser

37
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group, until a very large part of each half of the medulla is seen to be traversed by these

arcuate fasciculi (Fig. 495). The internal arcuate fibres decussate in the median plane

with the internal arcuate fibres of the opposite side. They then change their direction

and turn upwards, and the lemniscus, as already stated, takes form and gradually

increases in volume as it ascends. This great and important tract is thus laid down
between the pyramid and the fasciculus longitudinalis medialis ; and the consequence of

this is that the latter tract is pushed still farther backwards, and, when the lemniscus

is fully established, it comes to lie immediately beneath the gray matter of the floor of

the fourth ventricle (Fig. 495). But the lemniscus is not in direct contact with the

fasciculus longitudinalis, for a bundle of fibres, the continuation of which has been

seen in the anterior funiculus of the medulla spinalis, the fasciculus tectospinalis,

separates them, as well as fibres coming from sensory nuclei of the cerebral nerves which

are crossing the raphe to join the medial lemniscus (Fig. 495).

It is important that we should realise at this stage the full significance of the

decussation of the lemniscus and have a clear conception of the connexions of the

fibres which take part in it. The funiculus posterior, which ends in the cuneate and
gracile nuclei, is derived from the posterior roots of the spinal nerves. The lemniscus

fibres therefore carry on the continuity of part of the posterior funiculus, the

gracile and cuneate nuclei, which are thrown across its path in the lower part of

the medulla oblongata, constituting merely a nodal interruption. At this point the

lemniscus is transferred to the opposite side of the medulla oblongata. But it will

be remembered that a large proportion of the fibres of the entering posterior nerve-

roots of the spinal nerves end in connexion with the cells of the posterior column of

gray matter of the spinal medulla. It must not be supposed that the path repre-

sented by these latter fibres comes to a termination thereby ; from these posterior

column cells other fibres arise which cross, in the anterior white commissure, to the

opposite side of the spinal medulla and proceed up the spinal medulla to the

lateral part of the medulla oblongata. These fibres constitute the spino-tlialainic

tract already referred to. The practical hearing of this is that, owing to the crossing

of the lemniscus medialis and lower down of the spino-thalamic tract, unilateral

lesions of the medulla oblongata are apt to produce complete hemi-ancesthesia ; whilst

unilateral lesions of the spinal medulla produce only partial hemi-ancesthesia.

The pyramid forms a massive tract in front of and quite distinct from the

lemniscus medialis. The lemniscus medialis, the tecto-spinal bundle, and the medial

longitudinal bundle are, in the first instance, not marked off from each other.

They appear as a broad flattened band apphed to the raphe. One edge of this

band is directed backwards and reaches the gray matter on the floor of the fourth

ventricle, while the other edge looks forwards, and is in contact with the pyramid.

In the upper part of the medulla oblongata the lemniscus and the medial

longitudinal fasciculus begin to draw asunder from each other. The intermediate

longitudinal fibres become reduced in number and the two strands grow denser

—

the one on the dorsal aspect of the pyramid, and the other immediately beneath the

gray matter of the floor of the fourth ventricle (Fig. 495).

The fasciculus longitudinalis medialis is largely formed of fibres homologous

with those which in the spinal medulla constitute the fasciculus anterior proprius.

As they are followed upwards these fibres are thrust back by the two decussations

:

the lower decussation pushing them behind the pyramids, and the upper decussation

displacing them still farther backwards to a position behind the lemniscus medialis.

Corpus Restiforme.—The gracile and cuneate nuclei gradually give place to

the restiform body in the superior part of the posterior district of the medulla

oblongata. Fibres from various quarters converge to form this great strand. It

first takes shape as a thin superficial layer of longitudinal fibres, which are gathered

together on the lateral aspect of the cuneate nucleus ; but after that nucleus has come
to an end, and as the superior part of the medulla oblongata is reached, the restiform

body is seen to have grown into a massive strand, which presents a kidney-shaped

or oval outline on transverse section (Fig. 495) ; and it ultimately enters the white

central core of the cerebellum as its inferior peduncle. The fibres which build up
the restiform body are the following : (1) the fasciculus spinocerebellaris [posterior]

;

(2) arcuate fibres coming from the nucleus gracilis and nucleus cuneatus of both
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sides of the medulla oblongata
; (3) external arcuate tiljres coming from tiie arcuate

nuclei; and (4) olivo-cerel)ellar fibres.

The fasciculus spinocerebellaris [posterior] extends upwards Irom tlie lateral funi-

culus of the miulullii .spinalis. In the lateral district of the medulla o])longata it

occupies a similar position ; l)ut before

the olive is reached it inclines back- ""ooy""
wards, crosses the posterior lateral

furrow and passes oblic^uely upwards
into the restiform body. As its fibres

diverge backwards, they pass over and
cover up the tractus spinalis of the tri-

geminal nerve and its nucleus, thus

shutting them out from the surface.

The fibres of the fasciculus spinocere-

bellaris, in the first instance, enter

into the lateral or superficial part of

the restiform body.

Bruce lia.s sliown tliat the fibres of the

spino-cereliellar tract ultimately lie in the

centre of the restiform body, forming as it

were its central core, and that, in the cere-

bellum, they can be traced to the superior
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Fui. 496.

—

Diagram,

Which .shows in part the fibres which enter into the

constitution of the restiform body.

Fascicuhi.s gracilis

Gracile nucleus

The posterior external arcuate fibres

take origin from the gracile and cuneate nuclei, and enter the superficial part of

the restiform body of the same side.

The anterior external arcuate fibres proceed from the inferior portions of the

gracile and cuneate nuclei of the opposite side. It can easily be determined that,

after decussating in the median plane, all the internal arcuate "fibres which arise

from these nuclei do not enter the lemniscus medialis. A large proportion of them
gain the surface by sweeping round the medial aspect of the pyramid in the

anterior median fissure. Many of them gain the surface by piercing the pyramid
or by passing out between it and the olive. These fibres constitute the anterior

external arcuate group, and on the surface of the medulla oblongata they sweep

backwards around it, forming a

thin layer over the olive and
ultimately reaching the restiform

body. The anterior external

arcuate fibres, as well as the

spino - cerebellar tract - fibres,

cover over the tractus spinalis

of the triiieminal nerve, which
thus comes to take up a deeper

position in the substance of the

medulla oblongata (Figs. 495

and 496).

The other elements in the

restiform body, viz., those de-

rived from the nucleus olivaris

inferii)r and the nuclei arcuati,

have already been described.

Thus, the restiform body

conveys to the cerebellum (1) fibres conveying impulses from the posterior spinal

roots of the same and also from the opposite side of the medulla spinalis, the former

after being interrupted in the nucleus dorsalis and the nucleus gracilis and nucleus

cuneatus of the same side, the latter in the nucleus gracilis and nucleus cuneatus

of the other side ; and (2) fibres from the olivary and arcuate nuclei, which convey

impulses from the higher regions of the brain, directly or indirectly (probably the

latter) from the motor area of the cerebral cortex.
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Spinal Medulla and Medulla Oblongata of the Orang.

The spino-cerebellar tract is well seen, especially on the right side
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Formatio Reticularis.—Behind the olive and the pyramid is the formatio

reticularis. In the medulla oblongata it occupies a position which, to a large

extent, corresponds with that of the lateral funiculus in the spinal medulla. In
transverse section it appears as an extensive area, which is divided into a lateral

and a medial field by the fila of the hypoglossal nerve as they traverse the substance

of the medulla oblongata to reach the surface. In the lateral portion, which lies

behind the olive, a considerable quantity of gray matter, continuous with that in

the spinal medulla, is present in the reticular formation ; it is, therefore, called the

formatio reticularis grisea. In the medial part, which lies behind the pyramid,

the gray matter is extremely scanty, and the reticular matter here is termed the

formatio reticularis alba.

The nerve-fibres which traverse the formatio reticularis run both in a transverse

and in a longitudinal direction. The transverse fibres are the internal arcuate fibres.

The longitudinal fibres are derived from different sources in the two fields. In the

formatio grisea they represent to a large extent the fibres of the lateral funiculus of

the spinal medulla, after the removal of the posterior spino-cerebellar and the lateral

cerebro-spinal tracts. They consist, therefore, of the fibres of the fasciculi rubro-

spinaUs, thalamo-olivaris, spinothalamicus, and spinocerebellaris anterior (antero-

lateralis superficialis) of the spinal medulla. In the formatio alba the longitudinal

fibres are the tract of the lemniscus medialis, the fasciculus tectospinalis, and the

medial longitudinal bundle, all of which have already been described.

Central Canal and the Gray Matter which surrounds it.—The central canal,

as it proceeds upwards through the closed part of the medulla, is gradually forced

to assume a more dorsal position, owing to the accumulation of fibres on its ventral

aspect. (Moreover, the posterior cleft-like part of the cavity of the foetal neural

tube, which becomes obliterated in the spinal medulla by the fusion of its walls,

remains patent in the medulla oblongata. Hence the central canal in the closed

part of the medulla oblongata extends backwards to the roof-plate.) First the

decussation of the" pyramids, and then the decussation of the medial lemniscus,

both of which take place in front of the canal, tend to push it backwards ; and
the formation of the longitudinal strands in which these intercrossings result (viz.,

the pyramid and the medial lemniscus), together with the continuation upwards of

the funiculus anterior proprius, leads to a great increase in the amount of tissue

which separates it from the anterior surface of the medulla oblongata. In the closed

part of the medulla oblongata the canal is surrounded by a thick layer of gray
matter, which is continuous with the basal portions of the anterior and posterior

columns of gray matter of the spinal medulla. This central gray matter is sharply

defined on each side by the internal arcuate fibres, which curve forwards and
medially around it. Finally, the central canal opens on the dorsal aspect of the

medulla oblongata into the cavity of the fourth ventricle. The central mass of

gray matter which surrounds the canal in the closed part of the medulla oblongata

is now spread out in a thick layer on the floor of the fourth ventricle, and in such
a manner that the portion which corresponds to the basal part of the anterior

column of the spinal medulla is situated close to the median plane, whilst the part

which represents the base of the posterior column occupies a more lateral position.

This is important, because the nucleus of origin of the hypoglossal nerve is placed

in the medial part of the floor, whilst the nuclei of termination of the afferent

fibres of the vagus, glossopharyngeal, and acoustic nerves lie in the lateral part of

the floor. The gray matter of the ventricular floor is covered with ependyma.

Three Areas of Flechsig.— In transverse sections, through the iipj^er, oj^en part of the
medulla oblongata, the fila of the hypoglossal and vagus nerves are seen traversing the substance

of the medulla oblongata. The nucleus of origin of the hypoglossal is placed in the gray matter
of the floor of the fourth ventricle close to the median i:)lane ; the nucleus of the vagus is situated

in the gray matter of the ventricular floor immediately to the lateral side of the hypoglossal
nucleus. From these nuclei the root-bundles of the two nerves diverge from each other as they
are traced to the surface and subdivide the substance of the medulla, as seen in transverse section,

into the thi'ee areas of Flechsig, viz., an anterior, a lateral, and a posterior.

The anterior area, which is bounded medially by the median raphe and laterally by the
hypoglossal roots, presents within its limits : (a) the pyramid

;
(h) the lemniscus medialis

;
(c)

the fasciculus tecto-spinalis
;

(d) the medial longitudinal fasciculus
;

(e) the medial accessory

olivary nucleus
; (/) tne arcuate nucleus.
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Tlie lateral area lies between the root fibres of the hypoglossal and those of the vagus. It

contains : (a) the inferior olivary nucleus ; (b) the dorsal accessory olivary nucleus
;

(c) tlie nucleus

lateralis
;

(d) the nucleus anibiguus
;

(e) the splanclinic elferent nucleus of the vagus and glosso-

pharyngeal nervfs
; (/) the fonnatio reticularis grisea.

The posterior area is situated Ijehind the vagus roots, and within its limits are seen : (1) the

restifornj body
; (2) the superior j)art of the cuneate nucleus

; (3) to the medial side of this a crowd
of transversely cut bundles of fibres, loosely arranged and forming the descending root of the

vestibular ])ait of the acoustic nerve
; (4) close to these, but placed more deeply, a round,

compact, aTid very conspicuous bundle of transversely cut fibres, viz., the tractus solitarius, or

descending root of the vagus and glossopharyngeal nerves ; (5) the large tractus spinalis of the

trigeminal nerve close to the lateral side of its nucleus composed of substantia gelatinosa.

INTERNAL STRUCTURE OF THE PONS.

When transverse sections are made through the pons, it is seen to be composed

of a basilar part and a dorsal or tegmental part. The latter may be regarded as

Tractus spinalis

of trigeminal
nervi?

Its nucleus

Facial nerve

Facial nucleus

Superior olive

Fasciculus
thalamo-olivaris

Nucleus of
tractu." .spinalis

of trigeminal
nerve

Tractus spinalis

of trigeminal
nerve

Facial nucleus

Facial nerve

Sujierior olive

LJ Corpus
trapezoideum

Br.ichiuin pontis

Deep transverse fibres
of pons

Pyramidal bundles

Snperflcial transverse fibres of pons

Fin. 498. —Section thhough the Lower Part of the Human Pons immediately above the
Medulla Oblongata.

the ^upward prolongation of the medulla oblongata, exclusive of the pyramids
which are drawn forward into the basilar part.

Pars Basilaris Pontis.—This constitutes the chief bulk of the pons. It is

composed of: (1) transverse fibres arranged in coarse bundles, called the fibrse

pontis
; (2) longitudinal fibres, gathered together in massive bundles ; and (3) a

large amount of gray matter, termed the nuclei pontis, which fills up the interstices

between the intersecting bundles of fibres.

The fasciculi longitudinales, to. a large extent, consist of the same fibres which,

lower down, are gathered together in the two solid pyramidal tracts of the medulla
oblongata. When the pyramids are traced upwards into the pons they are seen to
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present the form of two compact bundles. Superiorly, however, they are broken up
into smaller bundles by the transverse fibres of the pons, and are spread out over a

wider area. At the upper border of the pons they again come together and form two
solid strands, each of which is continuous with the central part of the correspond-

ing basis of the cerebral peduncle. Added to these there are twice as many other

fibres entering the pons from the basis pedunculi to terminate in the nuclei pontis.

The fibrae pontis at the inferior border of the pons are placed on the superficial

or ventral aspect of the pyramidal bundles. As we proceed upwards they increase

in number, and many are seen breaking through the pyramids and even passing

across upon their dorsal aspect. Laterally, these transverse fibres are collected together

into one compact mass, which enters the white central core of the cerebellum and

constitutes the brachium pontis (O.T. middle cerebellar peduncle). At the median
plane the transverse fibres of the two sides of the basilar portion of the pons

intercross and form a coarse decussation.

The nuclei pontis form a considerable part of the bulk of the basilar portion

of the pons. The gray matter is packed into the intervals between the intersecting

transverse and longitudinal bundles.

us acusTrcus.

CEREBELLAR
RUDIMENT.

Fiocculus.

3SUS laferalis

cnrriculi quarri.

Fasciculus
circumoliv
pyramidis.

MEDULLA OBLONGATA.

Corpus ponto - bulbare.

There is some analogy between the pyramidal portions of the medulla oblongata and

the ventral part of the pons. In the medulla oblongata fine arcuate fibres, on their way to

the surface, pass through the pyramids. Other external arcuate fibres sweep over the

surface of the pyramids. These present a strong resemblance to the transverse fibres of

the pons. They likewise reach

the cerebellum, although by
a different route, viz., the

restiform body. The nuclei

pontis are represented also in

the pyramidal part of the

medulla oblongata by the

arcuate nuclei, which are

covered over by the external

arcuate fibres, and even tend

to penetrate, to a slight ex-

tent, into the pyramidal tracts.

These arcuate nuclei, as already

pointed out, are continuous

with the nuclei pontis.

Connexions of the
Longitudinal and Trans-
verse Fibres. — When a

Fig. 499.—Diagram of the Left Lateral Aspect of the Fcetal
transverse section through the

Rhombencephalon representing some of the Cell Groups superior part of the pons is

AND Fibre Tracts. compared with one close to its

inferior border, it becomes at

once apparent that the numerous scattered bundles of longitudinal fibres which enter

the ventral part of the pons from above, if brought together into one tract, would form
a strand very much larger than the two pyramids which leave its lower aspect and enter

the medulla oblongata. It is clear, therefore, that many of the longitudinal fibres

which pass into the pons from above do not pass out from it below into the medulla
oblongata. What becomes of these fibres that are thus absorbed in the pons? It is

known that the pyramidal bundles suffer a small loss by the fibres which they send to the

nuclei of origin of the efferent nerves which arise within the pons (viz., the motor root of

the trigeminal, abducens, and facial nerve nuclei) ; but this loss is, comparatively speaking,

trifling. It is clear, therefore, that other longitudinal bundles enter the pons from above
apart from those which form the pyramidal tracts. These bundles occupy a lateral and
dorsal position in the ventral part of the pons, and may be termed the cerebro-pontine

fibres, seeing that they come from the cerebral cortex and end in fine ramifications around
the cells of the nuclei pontis (Fig. 498).

The transverse fibres take origin as axons of the cells of the nuclei pontis. Crossing

the median plane, they enter the brachium pontis of the opposite side, and thus reach

the cerebellar cortex, where they end in ramifications round certain of the cortical cells.

Some authorities believe that there are also fibres passing in the opposite direction, i.e.



INTERNAL STRUCTURE OF THE PONS. 567

from the cerebellum to the nuclei pontis ; but there is some doubt concerning the

existence of any such fibi'es. The brachium pontis thus may contain lK)th efferent and
afferent cerebellar fibres ; but no fibres pass continuously through the pons from one
brachium pontis into the other.

Certain of the transverse fibres of the pons turn backwards and enter the dorsal or

tegmental part of the pons, but the precise connexions of these are doubtful.

Corpus Trapezoideum.—This name is applied to a group of transverse fibres

which traverse the lower part of the pons (Fig. 498). They are quite distinct from
those which have been just described as entering the brachium pontis, and they lie

in the boundary between the dorsal and basilar parts of the pons, but encroaching

considerably into the ground of the former. They arise from the cells of the

terminal nucleus of the cochlear division of the acoustic nerve, and constitute a

tract which estal)lishes certain central connexions for that nerve. They will be

more fully described when we treat of tlie cerebral connexions of the acoustic nerve.

Pars Dorsalis Pontis (Dorsal or Tegmental Part of the Pons),—On the dorsal

surface of the tegmental part of the pons there is spread a thick layer of gray

matter, covered with ependyma, which forms the floor of the upper or pontine

part of the fourth ventricle. Beneath this the median raphe of the medulla
oblongata is continued up into the pons, so as to divide its tegmental part into two
symmetrical halres.

In the inferior fart of the pons, immediately beyond the medulla oblongata, the

restiform body is placed on the lateral side of the dorsal part (Fig. 498). In trans-

verse sections through the pons it appears as a large, massive oval strand of fibres

which inclines backwards into the cerebellum, and thus leaves the pons.

Between the restiform body and the median raphe the tegmental part of the pons
is composed of substantia reticularis, continuous with the same material in the

medulla oblongata. Thus, arcuate or transverse fibres, curving in towards the raphe,

and also longitudinal fibres, are seen breaking through a mass of gray matter which
occupies the interstices of the intersecting fibres. To the naked eye the formatio

reticularis presents a uniform gray appearance, but its constituent parts are

revealed by low powers of the microscope in properly stained and prepared

specimens. Embedded in this substantia reticularis are various clumps of compact
gray matter and certain definite strands of fibres. These we shall describe as we
pass from the restiform body medially towards the median raphe.

(1) Spinal Root of the Trigeminal Nerve and its Nucleus.—Close to the medial side

of the restiform body, but separated from it by the vestibular root of the acoustic

nerve as it proceeds backwards through the pons, is seen a large crescentic group
of coarse transversely divided bundles of fibres. This is the tractus spinalis (O.T.

spinal root) of the trigeminal nerve ; and applied to its medial concave side is

a small mass of gray matter, which is the direct continuation upwards of the

substantia gelatinosa.

(2) The nucleus of the facial nerve comes next. It is sunk deeply in the

dorsal part of the pons and lies close to the transverse fibres of the corpus

trapezoideum. It is a conspicuous, obliquely placed, ovoid clump of gray matter.

From its lateral and dorsal aspect the root-fibres of the facial nerve stream back-

wards and medially towards the gray matter on the floor of the fourth ventricle.

Passing forwards between this nucleus and the trigeminal sensory nucleus a solid

nerve-bundle may be observed. This is the facial nerve, traversing the pons

towards its place of emergence from the brain.

(3) Innnediately medial to the facial nucleus, but placed more deeply in the

tegmental part of the pons, is the superior olivary nucleus. It lies in a bay formed

for it by the transverse fibres of the corpus trapezoideum. These fibres curve

round its ventral aspect, and many of them may be observed penetrating into its

substance. In man, it is a very small mass of gray matter, and presents little

resemblance to the inferior olivary nucleus, except in the size and shape of its

constituent cells. In sections through the part of the pons where it attains its

greatest size, it appears in the form of two, or it may be three, small isolated

masses of gray matter. It is intimately connected with the acoustic fibres, and
establishes manifold connexions between them and the nuclei of other nerves.

37c



568 THE NERVOUS SYSTEM.

Upon the medial and dorsal aspect of the superior olive there is a dense group

of longitudinal fibres. These constitute the fasciculus thalamo-olivaris or central

tegmental tract, to which we have already referred in discussing the inferior olivary-

nucleus (Fig. 498). It is uncertain whether this tract arises in the thalamus.

(4) The medial longitudinal bundle and the lemniscus medialis come next. As
they proceed upwards through the tegmental part of the pons, these longitudinal

tracts occupy the same relative position as in the medulla oblongata. They are

placed close to the median raphe ; but they have drawn further apart from each

other, and their fibres are more distinctly concentrated into separate strands, with

an interval of some little width between them, which is occupied by the tecto-spinal

tract. The medial longitudinal bundle lies immediately under cover of the gray

Brachium conjunctivum
Anterior medullary velum

Mesenoephalic root of the trigeminal nerve

Motor nucleus of the tiijemmal nerve

Motor root of the trigeminal nerve

Sensory nucleus of the
trigeminal ner\e

Superior olive

Sensory root of
trigeminal nerve

Brachium pontis

Fig. 500.

—

Transverse Section through the Pons at the Level op thk Nuclei of the
Trigeminal Nerve (Orang).

matter of the floor of the fourth ventricle. The lemniscus medialis is placed close to

the trapezial fibres, many of which traverse it as they pass towards the median plane.

(5) The nucleus of the abducens nerve also forms a conspicuous object in sections

through the lower part of the pons. It is a round mass of gray matter, which is

situated close to the lateral side of the medial longitudinal bundle, and immediately
under cover of the gray matter of the floor of the fourth ventricle. From its medial

side numerous root- bundles of the abducens nerve pass out and proceed forwards

between the lemniscus medialis and the superior olivary nucleus. They occupy
in the Y)Oiis, therefore, a position similar to that occupied by the hypoglossal root-

fibres in the medulla oblongata.

Up to the present only the inferior part of the dorsal portion of the pons

has been described, i.e. the portion immediately adjoining the medulla oblongata.

As we proceed upwards and gain a point above the level of the trapezial fibres,

many of the structures which have attracted attention lower down gradually

disappear from the formatio reticularis. The lemniscus medialis becomes markedly
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increased in aize by the addition of the fibres of the spino-thahiuiic tract. Further,

the Hoor of the fourth ventricle becomes narrower, and other objects appear in the

tegmeutul subKtunce.

The brachium conjunctivum (O.T. superior cerebellar peduncle) is a very con-

spicuous object in sections through the niiddlt; and upper parts of the pons. In

transverse section it presents a semilunar outline, and as it emerges from the

cerebellum it lies immediately on the lateral side of the fourth ventricle, towards

which its concave aspect is turned (Fig. 500). Its dorsal border is joined with the

corresponding brachium of the opposite side by the thin lamina of white matter,

termed the anterior medullary velum, whilst its ventral border is sunk to a small

extent in the dorsal part of the pons. As it is traced upwards it sinks deeper and
deeper into the pons until it becomes completely submerged, with the exception

of the dorsal border to whicii the anterior medullary velum is attached. It now
lies on the lateral side of the tegmental or reticular substance of the pons, and this

position it maintains until the mesencephalon is reached (Fig. 501).

About half-toay tq) the 'pons the nuclei of the trigeminal nerve mark a very

Upper end of fourth ventricle

Mesencephalic root of the
trigeminal nerve

Medial longitmlinal bundlo
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' '^
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*// ! ;
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. 1b Transverse fibres
'' "^ ^^^ of pons

Pyramidal
bundles

Fig. 501. —Section thkodgh the Superior Part of the Pons of the Orano, above the Level
OF the Trigeminal Nuclei.

important stage in its tegmental portion. These nuclei are two in number on

each side, viz., a large oval terminal nucleus for certain of the sensory fibres of

the nerve and a nucleus of origin, equally conspicuous, for certain of the motor
fibres (Fig. 500). The sensory nucleus lies close to the lateral surface of the pons,

deeply sunk in its tegmental part, and in the interval between the submerged
anterior border of the brachium conjunctivum and the ventral part of the pons.

The motor nucleus is placed on the medial side of the sensory nucleus, but somewhat
nearer the dorsal surface of the pons. At this level the tractus spinalis of the

trigeminal nerve begins by the bending downwards of the fibres of the sensory

portion. The sensory and motor roots of the fifth nerve traverse the ventral part

of the pons on their way to and from the region of the nuclei.

Above the level of the nuclei of the trigeminal nerve a new tract of fibres

comes into view. This is the mesencephalic root of the trigeminal nerve, as it

descends towards the rest of the nerve. It is a small bundle of nerve-fibres,

semilunar in cross section, which hes close to the medial side of the brachium
conjunctivum and on the lateral and deep aspect of the gray matter on the fioor

of the fourth ventricle (Figs. 500 and 501).

On a slightly deeper plane than the mesencephalic root of the fifth nerve,

between it and the medial longitudinal bundle, and in close relation to the gray
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matter of the floor of the ventricle, is the collection of pigmented cells which con-
stitutes the substantia ferruginea.

The medial longitudinal bundle, as it is traced upwards through the tegmental
part of the pons, maintains the same position throughout, and as it ascends it

becomes more clearly mapped out as a definite and distinct tract. It lies close

to the median raphe, and immediately subjacent to the gray matter of the floor

of the fourth ventricle.

The lemniscus medialis, as it ascends through the tegmental part of the pons,
undergoes striking changes in shape. In the lower portion of the pons its fibres,

which in the medulla oblongata are spread out along the side of the median raphe,
are collected together in the form of a loose bundle, which occupies a wide field,

somewhat triangular in shape, on either side of the median raphe and immediately
behind the basilar portion of the pons. As it proceeds up, the fibres spread out
laterally until a compact ribbon-like layer is formed in the interval between the
tegmental and basilar portions of the pons (Figs. 501 and 502).

Above the level of the trigeminal nuclei another flattened layer of fibres comes
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Fig. 502.—Two Sections through the Dorsal Portion of the Pons at its Superior Part,
close to the mesencephalon.

A is at a slightly lower level than B.

into view to the lateral side of the lemniscus medialis. To this the name of lemniscus

lateralis is given. These fibres spread laterally and backwards, and finally take

up a position on the lateral surface of the brachium conjunctivum. In the angle

between the medial and lateral lemnisci a little knot of compact gray matter,

termed the nucleus lemnisci lateralis, comes into view (Fig. 501). This appears

to be in more or less direct continuity with the superior olivary nucleus. Many
of the fibres of the lemniscus lateralis take origin in this nucleus. Bruce called

attention to the continuity between the superior olive and the nucleus of the lateral

lemniscus in man, and Cunningham confirmed the observation in so far as the

orang brain is concerned. In many other mammals the nuclei are quite distinct.

THE CEEEBELLUM.

In the foregoing account it has been seen that the cerebellum is formed from

two distinct rudiments, each derived from the posterior edge of the alar lamina

immediately above the pontine flexure and the insertion of the vestibular nerve.

As development proceeds during the second month there is a rapid proliferation

of cells in the mantle layer of the cerebellar rudiments, and they become consider-

ably thickened. But at first this thickening manifests itself not so much as

a swelling of the superficial aspect of the cerebellum but as a bulging inwards

into the cavity of the fourth ventricle (Fig. 503).
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Dorsal Aspkct of the Rhomb-
encephalon IN A Human Embryo.

The accentuation of the pontine flexure at this stage Ijrings the two cerebellar

rudiments into the transverse direction and in line one with the other and with
the roof-plate, which is now being thickened by immigrant neuroblasts from the

medial extremities of the two cerebellar rudiments. When one organ is thus
formed by the union in the roof-plate of the originally separate rudiments, it

presents the form of a dumb-l)ell shaped mass (Fig. 503). Upon the inferior

aspect of this mass tliere is a sliglit ridge, to

which the tela chorioidea ventricidi quarti is

attached. Opposite the lateral cereljellar rudi-

ments (but not in the median plane) the attach-

ment of the tela becomes thickened to form the

posterior medullary velum.

Early in the third month the growth of the

cerel)ellar rudiment begins to manifest itself by
lateral bulgiugs of its surface.

The rhombic lip, the inferior part of which
has been seen to play an important part in the

development of the nuclei pontis and nucleus

olivaris inferior, is also continued upwards beyond
the pontine flexure on to the cerebellar rudiment,

where it forms a marginal fringe. Thus, even

in the second month, a groove can be detected upon the cerebellum separating ofl"

a band which is continuous with the tuberculum acusticum. The part nearest to

the tuberculum represents the rudiment of the flocculus and the medial extremity the

nodulus (Fig. 503). During the third month the cerebellum appears as a rounded
bar transversely placed across the upper part of the roof of the fourth ventricle,

and as the lateral extremities of this bar expand (Fig. 504), it assumes a dumb-bell

shape not unlike that presented a few weeks earlier (Fig. 503) on its ventricular

aspect. As these lateral bosses (lobi laterales) develop, a mass of transverse fibres

in connexion with them also becomes apparent. It represents the fibrse trans-

verspe of the pons. They arise from the cells (nuclei pontis) which have wandered
into the basal lamina of the metencephalon from the rhombic lip of the myelen-
cephalon (Fig. 499) ; and the fibres which enter each cerel)ellar boss come mainly

from the nuclei pontis of the other side. Towards the end of the fourth month,
or even a month earlier in some cases, a little bud grows out from the cerebellum

on each side immediately above the flocculus. It is the paraflocculus or flocculus

secundarius. In man it never attains

a large size, but in most mammals it

develops into a large lobe, even as lug

as one -third the size of a cerebellar

hemisphere (in the manatee), and in

many animals a deep fossa is formed in

the temporal bone to lodge this part of

the cerebellum.

As the cerebellum grows the lateral

hemispheres expand much more rapidly

than the median part—the handle of the

dumb-bell. But the superficial area

of the latter becomes increased by means
of transverse folds which begin to make
their appearance at the close of the

third month. Earlier in that month the median part of the cerebellum presents

in sagittal section almost a semicircular outline (Fig. 507, A) with a slight notch

near its inferior margin (fissura postnodularis) demarcating the nodulus. As
development proceeds during the third month the nodular region becomes bent

forwards upon the rest of the cerebellum (Fig. 507, B), thus starting the posterior

diverticulum of the fourth ventricle, which ultimately assumes a tent-like outline

Fig. 519).

At the close of the third month the irregular growth of the surface of the

rhunitjoiilea
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Fig. 504. — The Posterior Aspect of a Fcetal

(Fourth Month) Cerebellum, Medulla Ob-

longata and Fossa Rhomboidea.
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median bridge, which can now be called the vermis, leads to the app'earance of

a transverse depression

upon the superior sur-

face. This is the fissura

prima (Fig. 507, B, C,

and D), which becomes

the deepest and most
complex of all the multi-

tude of fissures that

ultimately cut into the

cerebellum (Fig. 519).

Soon afterwards the fis-

sura secunda makes its

appearance (Fig. 507, C)
Fig. 505.

—

Inferior Surface op the Cerebellum of a Human Fcetus andwith the fissura prima
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Fig. 506.

—

Cerebellum of a Human Foetus which has reached the End culmen declive, pyramid,
OF THE Fifth Month OF Development. Viewed from above aud behind. ,,.y,,io arid nodule

Quite unnecessary importance is usually attached to the subdivisions of the part here called
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Fig. 507.—Median Sagittal Sections of Fojtal Cerebella in Four Stages of Development.

A and B, third month ; C, fourtli month ; D, fifth month.

declive, which is described as consisting of three parts (declive, folium vermis, and tuber vermis).

* The term median is u.sed advisedly because, the anterior and posterior lobes having quite insignificant

lateral connexions, the rest of the vermis is virtually the medial continuation of (or bridge between) the

lateral lobes.
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Pons

ss. prima
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line oF floor oF

fissura h'briT.ontahs

There is no justification for such a subdivision, nor is any useful purpose served \>y linking
together two i)arts so distinct, morphologically and physiologically, as the culmen and declive

and giving the name monticulus to the comjdex.

Only some of the fissures of the vermis become prolonged laterally beyond the
limits of tlie vermis, l)ut as tho lioss-like lateral lobes begin to exj)an(l, tlieir surface

becomes folded and a series of independent lateral fissures are formed. [The anterior

lobe, however, is prolonged laterally upon each side into tapering vnngs and all the

fissures in them are merely prolongations of the fissures of the verjtiis.]

After the limiting fissures of the llocculus and paraflocculus, the first independent
fissure to nuike its appearance is one which develops behind and almost parallel to

the lateral j)rolonga-

tioiis of the fissura

prima. KciUiker called

the intervening strip of

cerebellum lohulus
lunatus posterior and
the lissure may be called

fissura postlunaris.

These postlunar fissures

begin far out on the

lateral swelling in the

fourth monthandgradu-
ally approach the median
plane, where they may
meet and become con-

fluent on the vermis.

But it often happens
that they do not meet,

in which case no folium

vermis is cut off the

declive.

At the end of the

fourth or beginning of

the fifth month an oval

swelling makes its ap-

pearance upon each side

of the uvula upon the

inferior surface of each

lateral lobe (Fig. 505).

This is called the tonsilla

cerebelli or tonsil, and
the fissure which de-

velops behind it and
delimits it is called post-

tonsillar. As a rule the

two post-tonsillar fissures become confluent with the fissura secunda upon the vermis

and the whole furrow in the adult may be called fissura secvmda. At the middle of the

fifth month a lateral fissure, called parapyramidal, makes its appearance some distance

behind the post-tonsillar, from which it is separated by an area called the lobulus

biventer. As a rule, these parapyramidal fissures become confluent with the supra-

pyramidal fissure. The whole furrow is known in the adult by the latter name.

The fissure to which most importance is usually attached develops quite late in the

human cerebellum, and not at all in that of the great majority of other animals. It

is called the fissura horizontalis cerebelli. In the adult it begins upon the front, where

the brachium pontis plunges into the cerebellum, and the furrow is formed in a

more or less mechanical way by the bulging forwards (above and below the cerebellar

peduncles) of the exuberant mass of the cerebellar hemispheres. The actual infold-

ing is preceded by the appearance of several irregular depressions (Fig. 508) in the

place where the horizontal fissure will develop. This fissure begins in front and

-Fi ss. postlunaris

- lips oP developing

fissura hori70ntaJis

parapyramidalis

Fig. .508. -The Lekt Lateral Aspect of the Fcetal Rhomuencephai.o.n

at the koukth (a) and flfth (b) months.

The cerebelhini is stipi)le(l.
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passes continuously round the circumference of the organ, cutting deeply into its

lateral and posterior margins. In front, its lips diverge to enclose the three

cerebellar peduncles as they pass into the interior of the cerebellum. The
horizontal fissure divides the organ into a superior and an inferior part, which
may be studied separately.

In some cases it meets the corresponding fissure of the other side upon the

vermis, but very often such a confluence does not occur. The folium vermis in

such cases is not distinguished from the tuber vermis.

The cerebellum is subdivided somewhat arbitrarily into a median portion

termed the vermis, and two much larger lateral portions, called the hemispheres.

The demarcation between these main subdivisions of the organ is not very

evident from every point of view. In front, and also behind, there is a marked
deficiency or notch. The incisura cerebelli posterior (O.T. marsupial notch) is

smaller and narrower than the anterior notch. It is bounded at the sides by
the hemispheres, whilst its bottom is formed by the axial lobe or vermis. It

is occupied by a fold of dura mater called the falx cerebelli. The incisura

cerebelli anterior (O.T. semilunar notch) is wide, and, when viewed from above, it

is seen to be occupied by the inferior quadrigeminal bodies and by the brachia

Alesencephalon occupying
thp incisura anterior

Lobulus culminis

Lobulus lunatus

Central lobule

Culmen

Declive

Postero-
superior lobule

Folium vermis
Postero-inferior lobule

Tuber vermis Incisura posterior

Fig. 509.

—

Superior Surface op the Cerebellum.

conjunctiva. As in the case of the posterior notch, its sides are formed by the

hemispheres, and the bottom by the vermis.

On the superior surface of the cerebelkim there is little distinction to be

noted between the median lobe and the superior surface of each hemisphere. On
this aspect the median lobe receives the name of superior vermis, and it forms a

high median elevation, from which the surface slopes gradually downwards on each

side to the margin of the hemisphere. The superior vermis is highest in front,

immediately behind the anterior notch, and from this it shows a somewhat sharp

descent towards the posterior notch. This elevation of the superior vermis is

frequently called the monticulus. The folia on the surface of the superior

vermis are thicker and fewer in number than those on the upper surface of the

hemisphere. It is this which gives it the worm-like appearance from which it

derives its name.
On the inferior surface of the cerebellum the distinction between the three main

constituent parts of the organ is much better marked (Fig. 610). On this aspect

the hemispheres are full, prominent, and convex, and occupy the cerebellar

fossae in the floor of the cranium. They are separated by a deep median hollow,

which is continued forwards from the posterior notch. This hollow is termed the

vallecula cerebelli, and in its anterior part the medulla oblongata is lodged. When
the medulla o))lougata is raised and the hemispheres are pulled apart, so as to

expose the bottom of the vallecula, it will be seen that this is formed by the vermis
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inferior, or inferior aspect of tJhe median loVje, and, lurtlier, that the vermis is

separated on each side from the corresponding hemisphere by a distinct furrow,

termed the sulcus valleculae.

Lobes on the Superior Surface of the Cerebellum.—When examined from
before biickwiirds, the superior vermis presents the following subdivisions: (1) the

lingula cerebelli
; (2) the lobulus centralis

; (3) the culmen
; (4) and the declive.

Willi tlie exception of the lingula, each of these is continuous, on each side, with
a corresponding district on tlie upper surface of the hemisphere. Thus, the central

lobule is prolonged laterally on each side in the form of a small, flattened, wing-
like expansion called the ala lobuli centralis. The culmen together with its lateral

prolongations can be called the lobulus culminis of the hemispheres ; the declive

stands in the same relation to the lobulus limatus ; and the postero- superior lobules

of the hemispheres may be linked by a folium vermis.

The lingula can be seen only when the part of the cerebellum which forms the

bottom of the anterior notch is pushed backwards. It consists of four or five small

Hat folia, continuous with the gray matter of the vermis superior, which are pro-

longed forwards on the superior surface of the anterior medullary velum in the

interval between the two brachia conjunctiva.

The lobulus centralis lies at the bottom of the anterior cerebellar notch, and is

seen only to a very small extent on the superior surface of the organ. It is a
little median mass which is prolonged laterally for a short distance round the

anterior notch in the form of two expansions, termed the alec lobuli centralis.

The culmen constitutes the highest part or summit of the monticulus of the

vermis superior. 1 1 is bounded behind by a deep and strongly marked fissura prima,

and is prolonged laterally on each side into the hemisphere. This is the most
anterior subdivision on the superior surface of the hemisphere.

The declive lies behind the culmen, from which it is separated by the fissura

prima, and it forms the sloping part or descent of the monticulus of the vermis
superior. On each side it is continuous with the hemisphere, and the three

parts are included under the one name of lobulus lunatus (Fig. 509).

Lobes on the Inferior Surface of the Cerebellum.—The connexion between
the several parts of the inferior vermis and the corresponding districts on the

inferior surface of the two hemispheres is not so distinct as in the case of the vermis
superior and the lobules on the superior surface of the hemispheres. A groove,

called the sulcus valleculae, intervenes between the vermis inferior and the hemi-
sphere on each side.

From behind forwards the following subdivisions of the vermis inferior

may be recognised : (1) the tuber vermis
; (2) the pyramis

; (3) the uvula
; (4) the

nodulus.

On the inferior surface of the hemisphere there are four main lobules mapped out

by intervening fissures. From behind forwards these are : (1) the postero-inferior

lobule, a large subdivision which bounds the horizontal fissure on its inferior aspect

;

(2) the biventral lobule, which lies in front of the postero-inferior lobule, and is

partially divided into two parts by a curved fissure which traverses its surface
; (3)

the tonsil, a small rounded lobule wdiich bounds the anterior part of the vallecula,

and is lodged in a deep concavity on the medial aspect of the biventral lobule
; (4)

the flocculus, a minute lobule situated on the brachium pontis of the cerebellum

in front of, and partially overlapped by, the anterior border of the biventral

lobule.

These lobules, with the corresponding portions of the vermis inferior, constitute

the lobes on the inferior surface of the cerebellum. Still, it should be noted that,

just as in the case of the superior surface of the organ, this subdivision is to some
extent artificial, and is not in every particular provided with a sound morphological

basis.

The tuber vermis (usually not definitely marked off from the declive) forms

the most posterior part of the vermis inferior, and is composed of several trans-

versely arranged folia which, on either side, run directly into the postero-inferior

lobule.

The postero-inferior lobule, which is wider towards the vallecula than it is more
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laterally, is traversed by two or it may be three curved fissures. The most anterior

of these cuts off a narrow, curved strip of cerebellar surface, which presents a more
or less uniform width throughout its whole length. This is the so-called lobulus

gracilis.

The pyramid is connected with the biventral lobule on each side by an elevated

ridge which crosses the sulcus valleculse. The term lobus pyramidis is applied to

the three lobules, which are thus associated with each other.

The uvula is a triangular elevation of the vermis inferior. It lies between the

two tonsils, and is connected with each of these by a low-lying band-like ridge

of gray matter scored by a few shallow furrows, and in consequence termed the

furrowed band. The two tonsils and the uvula form the lobus uvulae.

Cential lobule Anteiior medullary velum

BrdLhiuniLMIunctivum i / Ala lobuli centralis

Fourth \entiicle

Xodult

Flocculus

Tonsilla cerebelli

Horizontal lissuie

Postero-infeiioi lobule

Lobulus giacihs/^^^^^
Bivential lol nl

tero-inferior lobule

Pyramid Tubur vermis

Fig. 510.

—

Inferior Surface of the Cerebellum.

The right tousil has been removed so as to display more fully the posterior medullary velum and
the furrowed band.

The nodule and the flocculus of each side are linked by a delicate connect-

ing lamina which is formed by the posterior medullary velum.

The Structure and Connexions of the Cerebellum.

Arrangement of the Gray and White Matter of the Cerebellum.—The white

matter of the cerebellum forms a solid compact mass in the interior, and over

this is spread a continuous and uniform layer of gray matter. In each hemi-

sphere the white central core is more bulky than in the vermis, in which the

central white matter is reduced to a relatively thin bridge thrown across

between the two hemispheres. When sagittal sections are made through the

cerebellum, the gray matter on the surface stands out clearly from the white

matter in the interior. Further, from all parts of the surface of the central core

stout stems of white matter are seen projecting into the lobes of the cerebellum.

From the sides of these white stems secondary branches proceed at various angles,

and from these again tertiary branches are given off. Over the various lamelloe

of white matter thus formed the gray cortex is spread, and the fissures on the

surface show a corresponding arrangement, dividing up the organ into lobes,

lobules, and folia. When the cerebellum is divided at right angles to the general

direction of its fissures and folia, a highly arborescent appearance is thus presented

by the cut surface. To this the term arbor vitae is applied.

Nucleus Dentatus and other Gray Nuclei in the White Matter of the
Cerebellum.—Embedded in the midst of the mass of white matter which forms the

central core of each hemisphere there is an isolated nucleus of gray matter, which
yjresents a strong resemblance to tlie inferior olivary nuclevis of the medulla.

It is called the nucleus dentatus, and itconsists of a corrugated or plicated lamina
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of gray matter, which is folded on itself so as to enclose, in a flask-like manner,
a portion of the central white matter (Figs. 511 and 512). This gray capsule

is not completely closed. It presents an open mouth, termed the hilum, which
is directed medially and upwards, and out of this stream the fibres of the

l)rachium con-
Culmen

iunctivum.

Three small ad-

ditional masses of

gray matter are also

present on each side

of the median plane
in the central white
matter of the cere-

hellnm. These are

termed the nucleus
emboliforniis, the

nucleus globosus,

and the nucleus

fastigii. The nu-

cleus emboliformis

or embolus is a small

lamina of gray
matter which lies

just medial to the

hilumof the nucleus
dentatus, being thus

related to it some-

ulatus

-Sagittal Section throuoh the Left Hemisphere
OF the Cerebellum.

Showing the "arbor vitae" and the nucleus dentatus.

what in the same manner that the medial accessory olivary nucleus is related to the main
inferior olivary nucleus. The nucleus globosus lies medial to the nucleus emboliformis and on a
somewhat deeper horizontal plane. The nucleus fastigii or roof nucleus is placed in the white
substance of the vermis close to the median plane and its fellow of the ojjposite side. It is,

therefore, situated on the medial aspect of the nucleus globosus.

I

stria terminalis—

Pulvinar of the thalamus

—

Inferior colliciilu.s

—

,.,

///
Bracliiuin ponti

Restiforni boily

- Tliinl ventricle

4 Tiinia thalanii

— Trigonuni liabennhf

_ - Pineal body
- Superior colliculus

- Inferior brachium
- • Trochlear nerve

Velum ineduUare anterius

Brachium conjnnclivum

Nucleus dentatus

Fuj. 512.— From a dissection by Dr. Edward B. Jamieson in the Anatomical Department of the University of

Edinburgh. The nucleus dentatus is displayed from above and the brachium conjunctivum has

been traced from it to the mesencephalon.

The nucleus dentatus and the emboliform nucleus present a structure very similar to that of

the inferior olivary nucleus. In the nucleus globosus and the nucleus fastigii the cells are some-

what larger in size.

Cerebellar Peduncles.—These are three in number on each side, viz., the

38
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middle, the inferior, and the superior (Fig. 519, p. 585). The fibres of which
they are composed all enter or emerge from the white medullary centre of the
cerebellum.

The middle peduncle or brachium pontis is much the largest of the three,

and has already been described on pp. 565 and 566. It is formed by the

transverse fibres of the pons, and it enters the cerebellar hemisphere on the
lateral aspect of the other two peduncles. The lips of the anterior part of the
horizontal fissure are separated widely from each other to give it admission
(Fig. 510). Within the cerebellar hemisphere its fibres are distributed in two
great bundles. Of these, one, composed of the superior transverse fibres of the pons,

radiates out in the inferior part of the hemisphere ; whilst the other, consisting of

the inferior transverse fibres of the pons, spreads out in the superior part of the
hemisphere.

The inferior peduncle is simply the restiform body of the medulla oblongata.

After leaving the medulla oblongata it ascends for a short distance on the dorsal

surface of the pons and then turns sharply backwards, to enter the cerebellum
between the other two peduncles.

The superior peduncle or brachium conjunctivum, as it issues from the cerebellum,
lies close to the medial side of the middle peduncle (Fig. 512). Its further course
upwards on the dorsum of the pons to the inferior quadrigeminal body has been
previously described (pp. 548 and 569).

Connexions established by the Peduncular Fibres.—The fibres of the brachium
pontis represent the second stage of the connexion between the cerebral hemisphere
of one side and the opposite cerebellar hemisphere. The connexions which they establish

in the pons are described on p. 566.

The restiform body is also composed of afferent fibres (see p. 563) ; only the more
important connexions which these establish in the cerebellum can be touched on here.

The principal afferent strand is the fasciculus spinocerehellaris [posterior]. The fibres of

this strand end in the cortex of the superior vermis on both sides of the median plane, but
chiefly on the opposite side. The olivo-cerebellar tract {fasciculus olivocerehellaris) are also

afferent. It appears that they end in connexion with cells in the cortex of both the

vermis and hemisphere, and also with cells in the nucleus dentatus. The numerous
external arcuate fibres which enter the restiform body establish connexions with cells in

the cortex of the hemisphere and of the vermis.

The brachium conjunctivum is an efferent tract : its fibres come from the cells of the

nucleus dentatus, and pass to the red nucleus and thalamus of the opposite side.

According to Ramon y Cajal collateral branches springing from these fibres descend to

the motor nuclei in the medulla oblongata and spinal medulla.

There is, however, a bundle of fibres passing dowmvards alongside the brachium
conjunctivum from the tegmentum of the mesencephalon and possibly from the

thalamus : these fibres cross in the mid-brain and pass inferiorly to the cerebellum,

in contact with the lateral margin of (or intermingled with) the fibres of the

brachium. They probably convey to the cerebellum fibres from the visual centres

of the opposite side.

The fasciculus anterolateralis superficialis of the spinal medulla (O.T. Gowers' tract),

for which the better name fasciculus spinocerebellaris anterior is now in common use, also

enters the cerebellum alongside the emerging brachium conjunctivum. It has been
noticed in connexion with the lateral funiculus of the spinal medulla (p. 537). The
fibres which compose it are earried upwards through the formatio reticularis grisea of

the medulla oblongata and the corresponding part of the tegmental portion of the pons.

In this part of its course the fibres are scattered and do not form a compact strand.

Reaching the superior end of the pons the tract turns backwards across the brachium
conjunctivum, enters the anterior medullary velum, and proceeds downwards in it into

the cereVjoUum.

Roof of the Fourth Ventricle.—In its superior part the roof of the fourth
ventricle is formed by the anterior medullary velum as it stretches across between
the two brachia conjunctiva, and also, to some extent, by these brachia themselves
as they approach the mesencephalon.
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In its iul'eriur part the roof of tlie ventricle is exceedingly thin and is not all

formed of nervous matter. The posterior medullary velum is a mere rid<^e which
can hardly be said to enter into its formation : the epithelial lining of the cavity,

supported by pia mater, is carried downwards towards the inferior boundaries of

the floor of the ventricle. At the lowest

part of the calamus scrip torius, and also

along each lateral boundary of tiie floor,

the epithelial roof becomes thickened

at its attachment to the parts of the

medulla oblongata. The small semilunar

lamina which stretches across l)etween

the inferior parts of the two clavfe at

the calamus scriptorius and overhangs

the opening of the central canal is

termed the obex (Fig. 482, p. 550). A
downwardly directed protrusion of the

epithelial roof is often found behind

the obex.

fiss. secunda Frss suprapyramidalis
' Fiss. prima

Modulus. Obex. Taenia ven^^iculi quarH.

Ki«. 513.

—

The Pu^sTKl^Il^R Asi'Ect ok a Fu-:tai.

Cerebei.lom and Medulla Obloncata.

The Histogenesis and Minute Stkucture of the Cerehellum.

The developmental history of the cerebellum presents certain peculiar features

which seem quite enigmatic unless considered from the point of view of the evolu-

tion of the connexions and functions of tiie organ. The cerebellum is derived from
part of the alar lamina of the rhombencephalon, and at an early stage of its develop-

ment the rudiment shows the regular lamination into ependyma, mantle layer, and
marginal layer, which has already been de-

scribed as distinctive of the corresponding

place of development in the whole nervous

system. The cells of this mantle layer are to

be looked upon as an outlying (superior) part

of the receptive nucleus of the vestibular

nerve, the cells to which information con-

cerning the position and movements of the

body as a whole or of the head will be trans-

mitted from the semicircular ducts of the

internal ear. But, if such information is to

be put to any use in influencing behaviour, it

is obvious that the activity of these cerebellar

cells must, firstly, be correlated with visual

impressions, which also supply information

concerning the position and movements of the

body, and with all those nerves which are

bringing into the encephalon or spinal medulla

impressions of touch, pressure, or any other
Fio. 514.

—

Section tuuoooh the Molecular ,. . i-u ^4.„f^ \.e t-u^
AND GRANULAR LAYERS IN THE LoNo Axis mlormation couceming the state of the

OF A Cerebellar Folium (after Kdlliker). muscles, tendonS, joints, or other structures

which are concerned in movements ; and,

secondly, they must be brought to bear upon

the various motor nuclei and other motor

regulating parts of the brain (such as the red

nucleus, tectum mesencephali, basal ganglia,

and cerebral cortex) to which the co-ordinating influence of the cerebellum is

essential for the properly adjusted performance of complex actions.

The neuroblasts which receive all these extrinsic sensory impulses, visual, tactile,

musculo-sensory, et cetera, collect at the threshold of what was originally the vesti-

bular cerebellar rudiment ; and they can be seen during the latter part of the second

month migrating from the rhombic lip into the marginal layer of the cerebellum,

until eventually its whole surface has been invaded by these alien neuroblasts, so

38 a

Treated by the Golgi method.

P. Cell of Purkinje.

GR. Granule cells.

N. Axon of a granule cell.

N'. Axons of granule cells in molecular layer
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that the originally uou-uucleated marginal layer becomes a densely packed granular

layer (stratum marginale embryonale). AVhen this stage is reached the cerebellum

consists of an inner epeadymal layer, a mantle layer crowded with locally developed

neuroblasts, a clear layer (the inner part of the original marginal layer), and the

superficial layer of neuroblasts which have invaded the outer part of the marginal

layer. As development proceeds in the mantle layer the axons of its neuro-

blasts are directed mainly towards the ventricular surface—the reverse of what
happens in the spinal medulla ; and as these fibre-masses increase in quantity

the main part of the mantle layer becomes pushed farther and farther away from
the ependyma by the accumulation of their own (and other) axons. Some of the

neuroblasts, however, do not become pushed out into the line of the embryonic
cerebellar cortex, but remain behind amidst the fibre-mass and receive the axons
that come from the cortical cells. These neuroblasts left amidst the fibres gradually
assume the form of the dentate, fastigial, globose, and emboliform nuclei already

described ; and their axons pass out (as the brachia conjunctiva) to the thalamus,
mesencephalon, and pons. In the meantime many of the neuroblasts of the mantle
layer have been converted into the large pear-shaped Purkinje-cells.

While these events have been occurring in the true mantle layer a peculiar

process has been taking place in the superficial layer of immigrant cells. One by
one they begin to leave their places upon the surface and dip into the mantle
layer; many of them pass between the Purkinje-cells to a deeper plane, where
they cease their wanderings and form a densely packed layer of granule cells

(Fig. 514), the axons of which indicate the course of these migrations.

Minute Stkucture of a Cerebellar Eolium.

A cerebellar folium is composed of a central core of white matter, covered with a layer
of gray matter. The gray cortex is arranged in two very evident layers, viz., a superficial

molecular layer and a subjacent rust-coloured granular layer. Between these strata a
single layer of large cells, termed the cells of Purkinje, are disposed in the form of a
very nearly continuous sheet. The cells of Purkinje constitute the most charactei'istic,

and probably the most essential, constituents of the cerebellar cortex.

The cells of Purkinje are most numerous on the summit of the folium. At the
bottom of the sulci which intervene between the folia they become fewer in number, and,
therefore, looser in their arrangement. Each consists of a large flask-shaped or pii-iform

cell body, the narrow end of which projects into the molecular layer, whilst the thicker,

deeper end rests on the granular layer. From the latter arises a single axon, which passes
into the granular layer and presents the peculiarity of almost immediately assuming its

medullary sheath. From this axon a few collateral branches soon arise, which, taking a
recurrent course, enter the molecular layer, to end in connexion with certain of the
adjoining cells of Purkinje. They would seem to have the function of binding together
adjacent cells, and thus enabling them to carry on their operations in harmony with
each other.

The dendritic processes spring from the narrow end of the cell in the form of

either one or perhaps two stout stalks. These ascend into the molecular layer, branching
and rebranching until an aborescent arrangement of extraordinary richness and extent
results. The dendritic branches extend throughout the entire thickness of the molecular
layer, and the branching takes place in one plane only, viz., in a plane which is transverse

to the long axis of the foHum. Consequently, it is only when transverse sections through a
folium are made that the full dendritic effect is obtained (Fig. 515) ; in sections made
parallel to the long axis of the folium the cells are seen in pi-ofile, and are observed to

occuj)y quite a narrow area (Fig. 514). The branching of the dendrites of a cell of Purkinje
may, therefore, be compared to that which takes place in the case of a fruit-ti-ee which
is trained against a wall.

In the molecular layer the cells are not very numerous, and of these the most
characteristic are the basket-cells which lie in the deeper part of the layer. In addition
to numerous dendrites the basket-cell gives off an axon which runs transversely, as
regards the long axis of the folium, between the planes of adjacent dendritic arborisations
of the cells of Purkinje. At first very fine, these axons gradually become coarse and thick,

and at intervals they give off collaterals which run towards the bodies of the cells of

Purkinje. Reaching these, they break up into an enormous number of fine terminal
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branches, which enclose the cells of Purkinje, as well as the short non-meduUated portions

of their axons, in a close basket-work of fine filaments.

The granular layer is,

granule-like bodies closely

packed together. Each of

these possesses a somewhat
large nucleus, with a very

small amount of surround-

ing protoplasm. From the

cell body three or four, or

perhaps five, dendrites and

one axon [)roceed. The
dendrites are sliort and
radiate out from diflTerent

aspects of the cell body.

They end in tufts of claw-

like twigs, which either

embrace or are otherwise in

contact with neighbouring

granule cells. The whole

multitude of granule cells,

therefore, are brought into

intimate connexion with

each other. The axon
passes into the molecular

layer, in which it ends, at

a varying distance from the

surface, by dividing into

two branches. These di-

verge so sharply from each

other that they form almost

a right angle with the parent

stem, and they run parallel

to the long axis of the p
folium, threading their way F.

for the most part, composed of large numbers of small

Fig. 515. Cerebellar Folium-Transverse Section through
(after KiiUiker).

Treated by Golgi's method

Axon of cell of Purkinje.

Moss fibres,

amonf the branches of the ^ *"*^ ^^" ^'^"^^^ '^'^^"i white core of folium endiug in molecular layer in
'

.
'^ J J .^. 1 . connexion with the dendrites of the cells of Purkinie.

various dendritic planes of
^j g^^n ^eii of the molecular layer,

the cells of Purkinje and gr. Granule cell.

entering into contact associ- GR^ Axons of granule cells in molecular layer cut transversely,

ation with them. When it l^!:
Basket-cells.

„ , „ ,Basket-work around the cells of Purkinje.

Neuroglial cell.

Axon of an association cell.

ZK.
is borne in mind that the q^
number of granule cells n.

is very great, and that

each sends an axon into the molecular layer, the important part whicli these fibres,

with their longitudinal branches, take in building up the molecular layer will be under-

stood. They are found pervading its entire thickness—from the surface down to the

bodies of the cells of Purkinje.

THE MESENCEPHALON.

The mesencephalon or mid-brain is the short, narrow part of the brain-stem

which occupies the aperture of the tentorium cerebelli (incisura tentorii), and
connects the cerebrum, which lies above, with the parts which occupy the posterior

cranial fossa. It is about three-quarters of an inch in length, and it consists of a

dorsal part, composed of the corpora quadrigemina, and a much larger ventral part,

which is formed by the two pedunculi cerebri.

The pedunculi cerebri can be seen to some extent on the base of the brain,

where they bound the posterior part of the interpeduncular fossa. Encircling the

upper end of each cerebral peduncle, where it emerges from the cerebrum, is the

optic tract (Fig. 527, p. 594).

The mesencephalon is tunnelled from below upwards by a narrow passage,

called the aquseducttis cerebri, whicli connects the fourth ventricle with the third
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ventricle (Fig. 519, p. 585). This channel lies much nearer the dorsal aspect than
the ventral aspect of the mesencephalon.

Corpora Quadrigemina.—This name is applied to four rounded eminences or

coUiculi on the dorsal aspect of the mesencephalon (Figs. 516 and 517). The
superior pair are larger and broader than the inferior pair, but they are not so

v?ell defined nor are they so prominent. A longitudinal and a transverse groove

separate the coUiculi from each other. The longitudinal groove occupies the median
plane and extends upwards to the posterior commissure of the brain. The superior

end of this groove widens out into a shallow depression, in which the pineal body,

a small conical structure which belongs to the diencephalon, rests. From the lower

end of the same groove a short but well-defined and projecting band, the frenulum

,-^ ^^ veil, passes to the
'"" "' anterior medul-

lary velum,
which lies im-

mediately below
the inferior col-

liculi. The
transversegroove

curves round be-

low each of the

superior pair of

colliculi and
separates them
from the inferior

pair. It is also

continued in

an upward and
ventral direction

on the lateral

aspect of the

mesencephalon.

The quadri-

geminal bodies

are not marked
off laterally from
the sides of the

mesencephalon,
but each has in

connexion with
it, on this aspect,

a prominent
strand, which is

Non-ventricular
part of tlialainus

Groove
corresponding

to fornix

Quadrigeniinal
bodies

Trochlear nerve,

Brachium
pontis

Brachium
conjunctivuin

Lingula

Medulla
oblongata
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callosum
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(cut)
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Fig. 516.

—

Thk Corpora Quadrigemina and the Neighbouring Parts.

jjrolonged superiorly and ventrally towards the thalamic region. These strands

are called the bracMa of the corpora quadrigemina, and they are separated from

each other by a continuation, on the side of the mesencephalon, of the transverse

groove which intervenes between the two pairs of colliculi.

The corpus geniculatum mediale is closely associated with the brachia, although

it does not form part of the mesencephalon, but belongs to the prosencephalon.

It is a small, sharply defined oval eminence, which lies on the lateral side of the

superior part of the mesencephalon under shelter of the posterior end of the thalamus.

The brachium quadrigeminum inferius, proceeding upwards from the colliculus

inferior, advances towards the corpus geniculatum mediale and disappears from

view under cover of this prominence.

The brachium quadrigeminum superius is carried upwards and ventrally between

the overhanging thalamus and the corpus geniculatum mediale. A superficial

examination of the mesencephalon is sufficient to show that, while a large part

of this strand enters the corpus geniculatum laterale, a considerable portion is a

continuation of the lateral root of the optic tract.
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Pedunculi Cerebri.—The cerebral peduncles (tigs. 517 and 527) appear upon
the ventral or basal aspect of the mesencephalon as two large rope-like strands

which emerge from the cerebral hemispheres and disappear below by plunging
into the pars basilaris of the pons. At the place where each peduncle emerges
from the corresponding side of the cerebrum it is encircled by the optic tract.

Each peduiiculus cerebri is composed of two parts, viz., a dorsal tegmental ])art

(tegmentum), which is prolonged upwards into tlie region below the thalamus
(hypothalamus), and a ventral portion (basis pedunculi), which, when traced

upwards into the cerebrum, is seen to take up a position on the lateral side of

Nucleus lentiformis Capsula interna (pars lenticulo-thalamica)
! Nucleus caudatus

Capsula inteni.T

(pars lenticulo-

caudata)

Union of
lentiform and-
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Infundibulum

Hypophysis [''"**'"°''^°'^

cerebri
| posterior lobe—'

Tuber cinereum •'

^ Corpus niainillare .

Xervus oculomotorius
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Nervus trigeminus (portio m;ij..

,
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Nervus facialis -
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Nervus glossopharyngeus-'
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Corpus geniculatum laterale

Corpus pineale

Corpus geniculatum mediale
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Brachium quadrigeminum
inferius
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Nervus trochlearis

Brachium cotyuncti\'um
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—Corpus pouto-bulbare
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Fig. 517.

—

The Left Lateral Aspect of the Brain-stem aher the Cerebral Hemisphere

(except the Corpus Striatum) and the Cerebellu.m (except the Nucleus Dentatls) have been removed.

the thalamus and to be continuous with the internal capsule of the brain ; and an

intermediate part, the substantia nigra. When the base of the brain is examined,

it is the basis pedunculi which is seen, and it is observed to be white in colour and

streaked in the longitudinal direction. In the tegmentum the longitudinally-

arranged fibres are, in large part, corticipetal , or, in other words, fibres which are

ascending towards the cortex of the cerebrum ; the basis pedunculi, on the other

hand, is composed entirely of longitudinal strands of fibres which are corticifugal,

or fibres which descend from the cerebral hemisphere.

On the surface of the mesencephalon the separation between the tegmental and

basal portions of the pedunculus cerebri is clearly indicated by a medial and a

lateral groove. The medial furrow is the more distinct of the two. It looks
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into the interpeduncular fossa, and from it emerge the fila of the oculo-motor

nerve. . It is termed, therefore, the sulcus n. oculomotorii. The lateral groove, which

is placed on the lateral aspect of the mesencephalon, is called the sulcus lateralis

[mesencepliali]. Its lower end becomes continuous with the furrow between the

brachium pontis and brachium conjunctivum of the cerebellum.

A close inspection of the lateral surface of the tegmental part of the pedunculi

cerebri, below the level of the brachia, will reveal some faintly-marked bundles

of fibres curving obliquely upwards and backwards to reach the inferior coUiculus

(Fig. 517, p. 583). These are fibres of the lateral lemniscus, coming to the surface

at the sulcus lateralis and sweeping over the subjacent brachium conjunctivum to

gain the inferior eolliculus, inferior brachium, and medial geniculate body.

STRATUM GRISEUM

CENTRALE

AQU/EDUOTUS

REBRI

MEOJAL-

LONGITUDINAL

BUNDLE

SULCUS N. OCULOMOTORII

Fig.

INTERNAL STRUCTURE OF THE MESENCEPHALON.

When transverse sections are made through the mesencephalon the aquseductus

cerebri is seen to be surrounded by a thick layer of gray matter, which receives the

name of the stratum griseum centrale or the central gray matter of the aqueduct. On
the dorsal aspect of this gray matter the corpora quadrigemina form a layer which

_ separates it from the surface, and
to which the term lamina quadri-

gemina is applied. On the anterior

and lateral aspects of the central

gray matter are the tegmental por-

tions of the cerebral peduncles

;

whilst, intervening between each of

the tegmenta and the corresponding

basis pedunculi, there is a conspicu-

ous mass of dark pigmented matter,

termed the substantia nigra.

Aquseductus Cerebri and
Stratum Griseum Centrale.—The

>18.—Diagrammatic View of the Cut Surface of aqueduct is the canal which leads
A Transverse Section through the Superior Part ^^^^ ^-^^ ^^^^^^ ventricle below, up-
OF THE Mesencephalon. i ,^ i i

i

-, -,

wards through the mesencephalon,

to the third ventricle above. It is not quite three-quarters of an inch in length,

and it lies much nearer the dorsal than the ventral surface of the mesencephalon.

When examined in transverse section, it presents a triangular outline as it passes

into the fourth ventricle and a T-shaped outHne close to the third ventricle. In

the intermediate part of its course it assumes different outlines, and not always

the same form at the same level in different specimens.

The aqueduct is lined with ciliated epithelium, and outside this is the thick layer

of central gray matter, which is directly continuous below with the gray matter

spread out on the floor of the fourth ventricle, and above with gray matter on

the floor and sides of the third ventricle. Scattered more or less irregularly

throughout the central gray matter are numerous nerve-cells of varying forms and

sizes, whilst in addition to these there are three definite collections or clusters of

cells, which constitute the nuclei of origin of the trochlear nerve, the oculomotor

nerve, and the mesencephalic root of the trigeminal nerve. The position and

relations of these will be given at a later stage.

Substantia Nigra.—When seen in transverse section, the substantia nigra

presents a semilunar outline. It consists of a mass of gray matter, in the midst of

which are large numbers of deeply pigmented nerve-cells. It is only when this

substance is examined in bulk that it appears dark ; in thin sections it does not

differ much in colour from ordinary gray matter, although, under the microscope,

the brown -coloured cells stand out very conspicuously, even under low powers.

The substantia nigra is disposed in the form of a thick layer, interposed between

the tegmental and basal portions of the cerebral peduncle. It begins below at

the superior border of the pons and extends upwards into the hypothalamus.

The margins of this layer of dark-coloured substance come to the surface at the
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oculomotor aud tlie lateral sulci of the mesencephalon, and its medial part is

traversed by the emerging fila of the oculomotor nerve. It is not equally

thick throughout. Towards the lateral sulcus it becomes thin, whilst it thickens

considerably near the medial aspect of the pedunculus cerebri. The surface of the

substantia nigra, which is turned towards the tegmentum, is concave and uniform
;

the opposite surface is convex and rendered irregular by the presence of numerous

slender prolongations of the substance into tlie Itasis pedunculi.

Tlie morphological and physiological significance of the substantia nigra is not

fully understood, and the connexions estabhshed by its cells are imperfectly known.

Rechterew, however, is of the opinion that fibres arising in the motor area of the

cerebral cortex end in relationship with the cells of the substantia nigra, the

axons of which proceed to the motor trigeminal nucleus for the purpose of co-

ordinating tlie muscles of mastication.

Colliculi Inferiores (orinferior quadrigeminal bodies).—Each inferiorcoUiculus
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Fi(i. 519.—The Medial Aspect of the Right Half of the Brain expo.sed by a Median Sagittal Section.

is composed largely of a mass of gray matter which, in transverse section, presents

an oval outline (Fig. 520, p. 587). This central nucleus is, to a large extent,

encapsulated by white matter. Numerous cells of various sizes are scattered

throughout it, and the whole mass is pervaded by an intricate interlacement of

fine fibres, which are derived, to a large extent, from the lateral lemniscus.

In transverse sections through this region, the lateral lemniscus is seen to abut

against the lateral margin of the central nucleus. Many of the fibres of this tract

enter it at once and become dispersed amongst its cells ; others sweep over its

dorsal surface, so as to give it a superficial covering ; whilst a third group is carried

medially, in the form of a thin layer, on its ventral aspect, so as to mark it off from

the subjacent central gray matter of the aqueduct (Fig. 520, p. 587). In this

manner, therefore, the inferior colliculus becomes partially circumscribed by the

fibres of the lateral lemniscus. Several of the lateral lemniscus fibres, which

proceed over the superficial or dorsal aspect of the nucleus, reach the median plane

and form a loose decussation with the corresponding fibres of the opposite side.

The intimate connexion which is thus exhibited between the fibres of the lateral lemniscus
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and tlie nucleus of the inferior colliculus is very significant. The lateral lemniscus, to a large

extent, comes from the nuclei of termination of the cochlear nerve of the opposite side. We
must associate, therefore, the inferior colliculus, and also the corpus geniculatum mediale, which
likewise receives fibres from the lateral lemniscus, with the organ of hearing.

This view I'egarding the inferior colliculi is supported both by experimental and by morpho-
logical evidence. Speaking broadly, it may be stated that the "inferior colliculi become prominent
onlj' in mammals, and then they are invariably correlated with a spirally wound and well-

developed cochlea. That they have nothing to do with sight is shown by the fact that, when the

eye-balls are extirpated in a young animal, the inferior colliculi remain unafiected, whilst the

superior colliculi after a time atrophy (Gudden). When, on the other hand, the cochlear

terminal nuclei are destroyed, fibres which have undergone atrophy may be followed to the

inferior colliculi of both sides, but particularly to that of the opposite side (Baginski, Bumm,
and Ferrier and Turner). A very consideraljle tract of ascending fibres takes origin within the

inferior colliculus and passes upwards, in the inferior brachium, into the tegmentum subjacent to

the medial geniculate body. Within the tegmentum they proceed up to the thalamus (Ferrier

and Turner).

Colliculi Superiores (or superior quadrigeminal bodies).—The superior colli-

culus presents a more complicated structure (Fig. 521). Superficially, it is coated with

a very thin layer of white matter, which is termed the stratum zonale. Underneath
this there is a gray nucleus, called the stratum griseum, which, in transverse section,

exhibits a crescentic outline and rests in a cap-like manner upon the subjacent part

of the eminence. The succeeding two strata, which respectively receive the names
of stratimi opticum and the stratum lemnisci, present this feature in common, that

they are composed of gray matter, traversed by numerous fibres. The source from

which the fibres are derived is different, however, in each case.

Nerve -fibres reach the superior colhculus through—(1) the lemnisci and (2)

the superior brachium.

The fibres of the lemnisci constitute the stratum lemnisci. The superior bracMum
contains fibres of two different kinds, viz., fibres from the optic tract and fibres from

the cortex of the occipital lobe of the cerebrum. By the former it is connected with

both retinae, and by the latter with the visual centre in the occipital region of the

cerebral cortex. The great majority of these fibres pass into the margin of the

colliculus superior and form a layer—stratum opticum—underneath the stratum

griseum, in which they ultimately terminate.

Tegrnentum.—The tegmentum of the pedunculus cerebri may be regarded as

the continuation upwards of the formatio reticularis of the medulla oblongata

and the dorsal or tegmental portion of the pons into the mesencephalon. It

consists, therefore, of fine bundles of longitudinal fibres intersected by arching fibres,

which take a transverse and curved course. The interstices between these nerve-

bundles is occupied by gray matter containing irregularly scattered nerve-cells. On
its dorsal aspect the tegmentum is continuous, at the side of the central gray matter,

with the bases of the corpora quadrigemina, whilst, ventrally, it is separated from

the basis pedunculi by the substantia nigra. The tegmenta of opposite sides are,

to some extent, marked off from each other in the median plane by a prolongation

upwards of the median raphe of the pons and medulla oblongata, although, in

the inferior part of the mesencephalon, this is much obscured by the decussation

of the brachia conjunctiva. The two longitudinal strands, termed the medial longi-

tudinal bundle and the medial lemniscus, are prolonged upwards throughout the

entire length of the mesencephalon ; and they present the same relations to the

tegmentum as in the inferior parts of the brain. The medial longitudinal fasci-

culus is placed in relation to its dorsal aspect, whilst the lemniscus is carried up
in its ventral part.

The tegmentum of the mesencephalon may be considered as presenting two

parts : viz., (1) an inferior part, which is placed subjacent to the inferior collicuH

and is largely occupied by the decussation of the brachia conjunctiva (Fig. 520)

;

and (2) a superior part, subjacent to the superior colliculi which is traversed by
the emerging bundles of the oculomotor nerve. The superior part contains a large

and striking nuclear mass, termed the nucleus ruber or the red tegmental nucleus

(Fig. 521). In the inferior part of the central gray matter of the mesencephalon

is the nucleus of the trochlear nerve ; in the superior part, the nucleus of the

oculomotor nerve is situated.
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Inferior colliculua

to <^;eiiti8l gray
matter

Aciueduct

Mesenccplialic root of
trigeinjnal nen'e

Nucleus of trochlear uervi

Brachiuni infcrius

Medial longitudinal
bundle

.\ Medial
\ \ ^- IcmniHCus

Brachia Conjunctiva.—As the brachia conjunctiva leave the pons and sink

into the tegmentum of

the mesenueplialon, they

undergo a complete de

cussation, subjacent

the inferior colliculi and
the central gray matter

(Figs. 520, 521, p. 587;
and 522, p. 588). In this

manner each brachium

is transferred from one

side, across tlie median
plane, to the opposite

side. The decussation

is completed at the level

of the superior borders

of the inferior colliculi,

and then each brachiuni

proceeds upwards into

the superior part of the

tegmentum, where it en-

counters the red nucleus.

Into this a large propor-

tion of its fibres plunge,

and come to an end in

connexion with the

nuclear cells. Many of

the fibres, however, are

carried around the nucleus

so as to form for it a

Fi(i. 520.
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Fig. 521.—Transverse Section throlgh the Hitman Mesencephalon at the Level of the

Superior Colliculus.
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capsule, which is thicker on the medial than on the lateral side (Fig. 521). These
are prolonged into the thalamus, and end ultimately in connexion with the ventral

thalamic cells. The brachium conjunctivum is, therefore, a great efferent tract

which issues from the nucleus dentatus of the cerebellum, crosses the median plane
in the inferior part of the mesencephalon, and ends in the red nucleus and the
ventral part of the thalamus.

Nucleus Ruber.—The red nucleus is a rounded nuclear mass, of a reddish tint

in the fresh brain, which lies in the superior part of the tegmentum, and in the
path of the brachium conjunctivum. In transverse section it presents a circular

outline. It begins at the level of the inferior border of the superior colliculus

and it extends upwards into the hypothalamus. At first it is small and is placed

at a little distance from the median plane ; but, as it proceeds upwards, it

increases in bulk and approaches more nearly to the median raphe, and to its

fellow of the opposite side. The
curved emerging bundles of the

oculomotor nerve pass through it

on their way to the surface. The
relation which the fibres of the

opposite brachium conjunctivum
present to it has been described.

These fibres traverse its inferior

part in such numbers that in

Weigert-Pal specimens it presents

a very dark colour ; but higher up,

as the fibres gradually end in

nuclear mass, they become less

numerous in its midst, and the

nucleus assumes a paler tint.

Numerous fibres which descend
from the cerebral cortex, and others

from the corpus striatum, enter the

red nucleus. It also sends out

fibres which proceed in two direc-

tions : (1) upwards into the thala-

mus
; (2) downwards to the spinal

medulla. The thalamic fibres may
be regarded as carrying on the

continuity of the path of the brachium conjunctivum after its nodal interruption in
the red nucleus. The fibres to the spinal medulla, called the rubro-spinal tract
and first described by Monakow, cross to the opposite side and .then descend in the
tegmentum to reach the lateral funiculus of the spinal medulla (Fig. 473, p. 534).

Fasciculus Longitudinalis Medialis.—The medial longitudinal fasciculus is a
very conspicuous tract of longitudinal fibres which extends throughout the whole
length of the medulla oblongata, pons, and mesencephalon, in the formatio reti-

cularis or tegmental part of each. Below, at the level of the decussation of the
pyramids, it becomes continuous with the fasciculus anterior proprius of the spinal

medulla (p. 562), whilst, by its opposite or superior end, it establishes intricate

connexions in the region immediately above the mesencephalon. Throughout its

whole length it lies close to the median plane and its fellow of the opposite side.

In the mesencephalon it is applied to the ventral aspect of the central gray
matter, whilst in the pons and medulla oblongata it is situated immediately
subjacent to the gray matter of the floor of the fourth ventricle. One of its

most salient features is the intimate association which it presents with the three
motor nuclei from which the nerves for the supply of the muscles of the eyeball
take origin, viz., the oculomotor nucleus, the trochlear nucleus, and the abducent
nucleus. The first two of these are closely applied to its medial and dorsal aspect,

whilst the abducent nucleus is placed on its lateral side. Into each of these nuclei

it sends many collaterals, and probably also some of its constituent fibres, and these

end around the nuclear cells. It would appear, therefore, that one of the most
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Fig. 522.

—

Section through the Inferior Colliculus
AND THE Tegmentum of the Mesencephalon below
THE Level of the Nucleus of the Trochlear
Nekve in the Orang. (The decussation of the
brachia conjunctiva and the course of the trochlear
nerve in the central gray matter are seen.)
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important functions of this strand is to bind together these nuclei, and thus enable

them to act in harmony one with tht; other. Fibres also enter the medi.il

longitudinal fasciculus from the ve.stil»ular nucleus of the acoustic nerve system.

The results obtained by degeneration would seem to indicate that, to a large

extent, it is formed of fibres wliich run a short course within it.

It is evident that it' is a l)rain tract of high importance, I'rom the fact that it

is present in all vertebrates, and, furtlier, that its fibres assume their medullary
sheaths at an extremely early period. In fishes, amphibians, and reptiles, it is one
of the largest bundles of the medulla oblongata. In man, its fibres meduUate
between the sixth and seventh mouths of fcetal life, and at the same time as

the fibres of the fasciculus anterior proprius of the spinal medulla, with wiiich

it stands in connexion.

According to van Gehuchten and Edinger, it extends upwards beyond the

level of the oculomotor nucleus,

and in the thalamic region its

fibres take origin from a special

nucleus of its own in the gray

matter of the third ventricle, im-

mediately behind the level of the

corpora uuimillaria. Fibres also

enter the medial longitudinal

bundle from a nucleus common to

it and the posterior commissure of

the brain. This nucletis is placed

in the anterior part of the central

gray matter of the mid-brain. Held
asserts that numerous fibres, aris-

ing from cells in the superior col-

lioulus, curve in an arcuate manner
in the tegmentum outside the cen-

tral gray matter, to take part on

the ventral aspect of this in what
is called the fountain decussation.

Reaching the opposite side, these

fibres turn downwards and join the

medial longitudinal bundle. The same authority considers that fibres from the

ventral part of the posterior commissure can also be traced downwards into the

medial longitudinal bundle. Edinger, on the other hand, places these fibres as

a distinct tract on the ventral and lateral aspect of the medial longitudinal bundle,

although in apposition with it.

Mendel believed that fibres from the oculomotor nucleus are carried down in

the medial longitudinal bundle, and, from this, into the facial nerve for the supply

of the orbicularis oculi and the corrugator supercilii, bringing these muscles,

therefore, under the control of the same nucleus as the levator palpebra3 superioris

muscle. This view was adopted by many clinicians because this upper group of

facial muscles is often spared in cases of facial paralysis ; but Harman has adduced

reasons in support of the view that there is a superior prolongation of the facial

nucleus which innervates these muscles. It has been suggested further that fibres

from the hypoglossal nucleus may, by the medial longitudinal bundle, reach the

facial nerve, and through it the orl)icularis oris. In this manner the same nucleus

would hold sway over the tongue and the sphincter muscle of the lips. The close

relation which exists between the ascending part of the intrapontine portion of

the facial nerve and the medial longitudinal bundle would render the passage of

fibres from one to the other a circumstance which could easily be understood.

But the balance of evidence now available inclines us to regard the facial nucleus

as the origin of the fibres innervating all the facial muscles. Another interchange

of fibres through the medial longitudinal bundle has been descrilied by Duval and
Laborde. According to these authorities, fibres from the abducens nucleus ascend

in the medial longitudinal bundle into the mesencephalon, and establish connexions

Fig. 523.

—

Section through the Inferior Colliculus
AND THE Tegmentum of the Mesencephalon, at a

SLIGHTLY Lower Level than Fiq. 522.
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with that part of the oculomotor nucleus from which the nerve for the medial
rectus of the opposite side derives its fibres. If this view is correct, it affords

a ready and simple anatomical explanation of the harmonious action of the
lateral and medial recti muscles in producing movements of the two eyeballs

simultaneously to the right and to the left. From the investigations of E. H.
Eraser it would appear that no fibres from the abducens nucleus go directly into

the oculomotor nerve. The same observer has shown that many fibres from
Deiters' nucleus, a part of the vestibular nucleus of the acoustic nerve to be
described later in this account, enter the oculomotor and the trochlear nuclei

through the path afforded by the medial longitudinal bundle.

Optic tract

Posterior commissure

Anterior
column of
spinal
medulla

' 'IIP'

Fig. 524.

—

Diaoham kepresenting some of
the constitcent elements of the
Fascicolus Longitudinalis Mediams.
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Fig. 525.

—

Diagram of the Connexions of

THE Medial Lemni.scds and also of cer-

tain of the Thalamo-cortical Fibres.

Lemniscus Lateralis.—The lateral lemniscus is a definite tract of longitudinal
fibres, which extends upwards through the lateral part of the tegmental substance
of the superior portion of the pons and the mesencephalon. It is formed by the
fibres of the corpus trapezoideum and striae medullares in the inferior part of the
pons, turning abruptly upwards and taking a course towards the quadrigeminal
region. But the details of the arrangement and connexions of this important
fasciculus must be left for fuller consideration when we are discussing the central
connexions of the acoustic nerve.

Lemniscus Medialis.—The medial lemniscus has already been followed through
the medulla oblongata and pons, and its position in each of these portions of the
brain-stem has been defined (pp. 561 and 562). In the tegmentum of the inferior
part of the mesencephalon it is carried up in the form of a more or less fiattened
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band on the ventral aspect of the decussating brachia conjunctiva. To its lateral

side, and forming an angle with it (a.s seen in transverse section), is tlie lateral

lemniscus (Figs. 522 and 523), and at this level there is no clear demarcation
between these two tracts. In the superior part of the mesencephalon the appearance
of the red nucleus in the tegmentum causes the medial lemniscus to take u]j a
more lateral and dorsal position, so that it now comes to lie sultjacent to the
corpus geniculatum mediale (Fig. 521, p. 587). At this level it exhibits a crescentic

outline in transverse section, and the lateral lemniscus has to a hirge extent dis-

appeared from its lateral side.

A part of the medial lemniscus, which is called tlie fasciculus bulbothalamicus,

takes origin in the inferior part of the medidla oblongata from the gracile and
cuneate nuclei of the opposite side (p. 560). Seeing that the posterior funiculus of

the spinal medulla ends in these nuclei, the medial lemniscus may be considered

to continue that funiculus upwards into the brain. Other fibres arise from the

terminal nuclei of the various sensory cerebral nerves of the opposite side. The
rest of the tract consists of the superior part of the fasciculus spinothalamicus

from the spinal medulla. In the mesencephalon a considerable contri])ution of

fibres is given by the medial lemniscus to the superior colliculus, and then the

remainder of the tract proceeds into the lateral (ventro-lateral) nucleus of the

thalamus. Here its fibres end amidst the thalamic cells.

Ganglion Interpedunculare and Fasciculus Retroflexus.—Immediately
above the pons a small collection of nerve-cells is found in the median plane,

wedged in between the two cerebral peduncles. It is all that is found in the
human brain to represent a large nucleus projecting into the interpeduncular
fossa in most other animals, especially those with a highly developed sense of

smell. In this interpeduncular ganglion ends the fasciculus retroflexus, a tract of

fibres which comes from the nucleus habenul?e of the epithalamus. We shall

return to the consideration of this tract later.

Fountain Decussation.— If the region ventral to the medial longitudinal

bundles is examined in the superior part of the mesencephalon a very close decussa-

tion of fibres in the median plane will be observed in the interval between the two
red nuclei. This is the " fountain decussation." According to Held, the fibres

which take part in the dorsal portion of the fountain decussation (decussation of

Meynert) come from the superior colliculi, and, after they have gained the opposite

side, they turn downwards in the medial longitudinal fasciculus.

Many of the fibres that cross in this decussation enter a descending tract

(fasciculus tecto-hulbaris et spinalis) which connects the corpora quadrigemina with
the motor nuclei on the other side of the medulla oblongata and spinal medulla.

Basis Pedunculi.—The basis pedunculi presents a somewhat crescentic

outline when seen in transverse section, and it stands quite apart from its fellow

of the opposite side. It is composed of a compact mass of longitudinally directed

fibres, all of which, as D^jerine has shown, arise in the cortex of the cerebrum
and pursue an unbroken corticifugal course into and through the pedunculus
cerebri. These fibres may be classified into two distinct sets, viz., cerebro-pontine

and pyramidal or cerebro-spinal.

The cerebro-pontine fibres possess this leading character : in their course down-
wards they are all arrested in the ventral part of the pons, and end amidst the

cells of the nuclei pontis. These tracts would appear to hold a very definite

position within the crus. Thus, it has been satisfactorily established that the

fibres coming from the temporal area of the cerebral cortex {temjwro-jiontine

strand) form the lateral fifth of the basis pedunculi, whilst those coming from

the frontal area (Jronto-pontine strand) hold a similar position in the medial part

of the basis pedunculi.

The P3rraniidal fibres constitute the great motor tract from the cerebral cortex.

They occupy a position corresponding to the middle three-fifths of the basis.

The pyramidal tract differs from the cerebro-pontine strands in being carried

downwards through the ventral part of the pons and on the ventral aspect of the

medulla oblongata into the spinal medulla, which it enters in the form of the

fasciculi cerebrospinales lateralis and anterior. On its way through the pons and
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medulla oblongata it sends fibres across the median plane to the various motor

nuclei on the opposite side of those sections of the brain-stem.

Development of the Mesencephalon.

Even in the early embryo the mesencephalon constitutes the smallest section of the

brain-tube, altliough the disproportion in size between it and the other primitive sub-

divisions of the brain is not nearly so marked as in the adult. Owing to the cephalic

flexure, the mid-brain for a time occupies the summit of the head. Later it becomes

completely covered over by the expanding cerebral hemispheres.

The corpora quadrigeniina are derived from the alar laminae of the side walls of the

brain-tube, whilst the basal lamiute thicken and ultimately form the tegmenta. The
original cavity of the mid-brain is retained as the aqueduct.

For a considerable time the cavity of the mesencephalon remains relatively large, and

the lower part of its dorsal wall is carried downwards in the form of a diverticulum or

recess, which overlaps the cerebellar plate. About this time, also, the dorsal w^all shows a

median fold or ridge. Both of these conditions are transitory. As the corpora quadri-

gemina take shape, the median ridge disappears and is replaced by the median longitudinal

groove, which separates the quadrigeminal bodies. Only its inferior part is retained, and this

is represented by the frenulum veli of the adult brain. The diverticulum of the cavity

gradually becomes reduced, and finally disappears as the aqueduct assumes form.

The precise mode of origin of the red nucleus is not known.

Later in this account reasons will be given for the belief that the representatives of

the neural crests in the region of the mesencephalon become absorbed and assimilated

in the walls of the neural tube as it closes in.

THE DEEP CONNEXIONS OF THE CEREBRAL NERVES ATTACHED TO .

THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON.

There are twelve pairs of cerebral nerves, of which the inferior eight are attached

to the medulla oblongata and pons. From above downwards these are named the

trigeminal (fifth), the abducens (sixth), the facial (seventh), the acoustic (eighth), the

glossopharyngeal (ninth), the vagus (tenth),.the accessory (eleventh), and the hypo-

glossal (twelfth). Two others, the trochlear (fourth) and oculomotor (third) spring

from the mesencephalon. The hypoglossal, the accessory, the greater part of the

facial, the abducens, the motor root of the trigeminal, the trochlear and the oculo-

motor are efferent nerves; the acoustic, the nervus intermedius (sensory root of

the facial) and the sensory root of the trigeminal are purely afferent nerves ; whilst

the vagus and the glossopharyngeal are composed of both efferent and afferent fibres.

In all these cases (with a possible reservation in the case of part of the trigeminal)

afferent fibres arise from ganglionic cells placed outside the brain and penetrate the

brain-stem, to end in connexion with the cells of certain nuclei of termination.

Efferent fibres, on the other hand, take origin within the brain as the axons of

cells which are grouped together in certain places in the form of nuclei of origin.

Nuclei of Origin, or Motor Nuclei.—^In the spinal medulla the nuclei of

origin are represented by elongated columns of cells which run more or less con-

tinuously in the anterior column of gray matter of successive spinal segments, and

from these the series of efferent anterior nerve-roots take origin. In the medulla

oblongata, pons, and mesencephalon the nuclei of origin, or, in other words, the motor

nuclei of the individual nerves, become, for the most part, discontinuous, and are

represented by certain isolated clumps of compact gray matter, in which are placed

the clusters of cells from which the fibres of the efferent nerves arise. The nucleus

am})iguus, however, which consists of a column of cells Irom which root-fibres of the

bulbar part of the accessory, of the vagus, and also of the glossopharyngeal are

derived, is an exception to this rule. At the decussation of the pyramids, the anterior

column of gray matter of the spinal medulla is broken up by the intercrossing bundles

into a detached head and a basal part which remains in relation with the ventro-

lateral aspect of the central canal. Certain of the efferent nuclei of tlie medulla

oblongata, pons, and mesencephalon lie in the line of the basal portion of the anterior

column of gray matter of the spinal medulla, and, thus, close to the median plane.

These are termed medial somatic nuclei, and are met with at different levels in the
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brain-stem. This group comprises'the hypoglossal nucleus, the abducens nucleus and,

in the mesencephalon, tlie trochlear nucleus and part of the oculomotor nucleus.

Other motor nuclei of origin are present in the form of isolated clumps or columns
of gray matter, which lie at ditferent levels in the medulla oblongata and pons

in a more lateral and deeper situation. They are the nucleus ambiguus of the

accessory, vagus and glos.sopharyngeal, the facial nucleus, and the nucleus of

the motor root of the trigeminal nerve. From their position in the substantia

reticulari.s of the medulla ol)longata and pons they constitute a group to which the

name of lateral somatic nuclei is applied.

In addition to these two columns of motor nuclei there is a third efferent

column of splanchnic nuclei represented by the dorsal nucleus of the vagus and
glossopharyngeal nerves, and similar nuclei emitting sympathetic fibres into the
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Nerves and of their Nuclei of Origin or Termination.

facial and oculomotor nerves. It is possible some splanchnic efferent fibres may
pass into the trigeminal nerve.

The ditferent nuclei of origin of the efferent fibres which belong to the various

cerebral nerves, both medial and lateral, are connected with the motor area of the

cerebral cortex by fibres of the cerebro-spinal tract of the other side, which enter

the nuclei and end in association with their cells.

Nuclei Terminales,—The general scheme of arrangement of the terminal nuclei

has already been explained (Fig. 526) ; its details will be further elucidated as

the various nerves are considered seriatim.

The axons of many of the cells of the nuclei of termination enter the substantia

reticularis as arcuate fibres, and, crossing the median plane, are carried upwards
in the substantia reticularis of the opposite side, to establish direct connexions

with the thalamus and, indirectly througli it, with the cerebral cortex (Fig. 525).

Others pass to the nuclei of motor nerves, to the cerebellum or other groups of

nerve-cells, to form connexions necessary for the performance of reflex actions.

39
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Nervus Hypoglossus.—The nucleus of origin of the hypoglossal nerve, the

motor nerve of the tongue, lies in the substance of the medulla oblongata. It is

composed of several groups of large multipolar cells, -which closely resemble the

cells in the anterior column of gray matter in the spinal medulla, and is

pervaded by an intricate network of fine fibrils. In form it is elongated and

rod-like, and in length it is about 18 mm. It extends from a point immediately

above the decussation of the pyramids up to the level of the strise medullares.

The inferior portion of the nucleus is thus placed in the closed part of the medulla

oblongata (Fig. 494, p. 561), whilst its superior part is situated in the open part

(Fic^. 495, p. 561). The former Hes in that part of the central gray matter which

is continuous with the basal part of the anterior column of gray matter of the
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hypoglossal pass between the main inferior olivary nucleus and the medial accessory

olivary nucleus, and many of them on their way to the surface pierce the ventral

lamina of the main olivary nucleus.

No decussation between tlic nerves of ojjposite sides takes place in the medulla

oblongata, but commissural fibres pass between the two nuclei (Kolliker). Further,

numerous fibres from the opposite pyramidal tract enter the nucleus and end in connexion

with its cells. The nucleus is thus brought into connexion with the motor area of the

opposite side of the cerebral cortex,

Nervus Accessorius.—The accessory nerve also is a motor nerve, and it is

generally described as consisting of a spinal and a cereljral or accessory part.

The spinal part of the nerve emerges by a series of roots which issue from the

surface of the lateral column of the superior part of the spinal medulla as low down
as the fifth cervical nerve. These take origin in a column of cells situated in the

anterior column of gray matter of the spinal medulla, close to its lateral margin, and
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immediately behind the nerve-cells which give rise to the fibres of the anterior

roots of the upper five cervical nerves. The cells of the accessory nucleus are

large, multipolar, and in every respect similar to the motor cells of the spinal

nerves. The axons from these cells leave the dorsal aspect of the nucleus in

converging groups to form the fila radicularia or root-bundles of the nerve. These,

in the first place, proceed straight backwards in the anterior column of gray matter.

Reaching the bay between the two columns of gray matter, they turn sharply

laterally into the white matter and traverse the lateral funiculus to gain their

points of exit from the spinal medulla. At the decussation of the pyramids, fila,

which join the accessory nerve, are seen to proceed from the detached head of the

anterior column of gray matter.

The cerebral part of the accessory nerve has its nucleus of origin in the medulla

oblongata ; and its fila, as they proceed laterally from this, can be distinguished

by the fact that they pursue a course on the ventral side of the tractus spinalis

of the trigeminal nerve, whereas the vagus roots, with which they are apt to be

confused, pass through or lie on the dorsal aspect of the trigeminal root (Kolliker).

The nucleus of origin of the cerebral part of the accessory nerve is formed by the

same column of cells which constitutes the nucleus ambiguus, and which, at a higher

level, gives motor fibres to the vagus and glossopharyngeal nerves.

The part of the accessory nerve which takes origin in tlie spinal medulla supplies the

sterno-mastoid and trapezius muscles. The cerebral portion joins the vagus, and through the

external laryngeal and recurrent nerves it supplies the muscles of the larynx. The portion of

39 a
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the nucleus aiubiguus from which it arises has thus been termed the laryngeal nucleus (Edinger)
but it is not certain whether it is vagal or accessory.

Collaterals and fibres of the opposite lateral cerebro-sijinal tract end in connexion with the
cells of origin of the accessory nerve, and thus bring its nucleus into connexion with the motor
area of the cerebral cortex. Fibres also from the posterior roots of the sj^inal nerves (afferent or

sensory fibres) end in the nucleus.

Nervus Vagus, Nervus Glossopharyngeus.—The vagus and glossopharyngeal

nerves present similar connexions with the brain, and they may therefore be

studied together. The greater part of both nerves is composed of afferent fibres,

which arise outside the brain-stem from ganglionic cells placed in relation to the

nerve-trunks. Both nerves possess efferent fibres also, which spring from two
special nuclei of origin situated within the medulla oblongata and termed re-

spectively the dorsal or splanchnic nucleus and the nucleus ambiguus, which is the

somatic nucleus. The afferent ganglionic fibres of the vagus and glossopharyngeal

enter the brain by a series of roots which penetrate the medulla oblongata along

the ventral side of the restiform body. Within the medulla oblongata they separate

into two sets, viz., a series of bundles (composed chiefly of vagus fibres, i.e. afferent

splanchnic), which end in the dorsal nucleus of termination of the vagus and glosso-

pharyngeal nerves, and another series of bundles (composed chiefly of glosso-

pharyngeal fibres, i.e. taste fibres), which join a conspicuous longitudinal tract of

fibres called the tractus solitarius.

The dorsal nucleus (Figs. 488, p. 557, and 526, p. 593) of the vagus and glosso-

pharyngeal nerves is mixed, and contains both motor cells which give origin to

efferent fibres, and cells around which afferent fibres of the vagus, and possibly also

of the glossopharyngeal nerve, break up into terminal arborisations. It very nearly

equals in length the nucleus of the hypoglossal nerve, with which it is closely

related. Above, it reaches as high as the striae meduUares, whilst, below, its inferior

end falls slightly short of that of the hypoglossal nucleus. In specimens stained by
the Weigert-Pal method the two nuclei offer a marked contrast. The hypoglossal

nucleus presents a dark hue, owing to the enormous numbers of fine fibres which
twine in and out amidst its cells ; the vago-glossopharyngeal dorsal nucleus is pale,

from the scarcity of such fibres within it. Its cells, like those of all splanchnic

efferent nuclei, are much smaller than the somatic cells of the nucleus ambiguus.

In the closed part of the medulla oblongata the dorsal vago-glossopharyngeal nucleus

lies in the central gray matter immediately behind the hypoglossal nucleus, and
upon the lateral aspect of the central canal; in the open part of the medulla oblongata

it lies in the gray matter of the floor of the fourth ventricle, immediately to the

lateral side of the hypoglossal nucleus and subjacent to the surface area termed the

trigonum vagi or ala cinerea.

All the fibres which arise from this dorsal or splanchnic efferent nucleus are

very fine, and in sections of the vagus nerve can readily be distinguished from the

much coarser somatic fibres, which come from the nucleus ambiguus, and also from
the medium-sized sensory fibres, which spring from the ganglia placed upon the nerves.

The fine fibres from the dorsal nucleus are distributed (probably indirectly, i.e. after

being interrupted in a peripheral ganglion), to the involuntary striped muscle of

the oesophagus and heart, and the unstriped muscle of the oesophagus, stomach and
respiratory system (van Gehuchten and Molhant, La N6vraxe,3\\iie 15, 1912, p. 55).

The nucleus ambiguus (Figs. 488, 530, 526) gives origin to the somatic

motor fibres of the glossopharyngeal and vagus nerves. All the fibres from this

nucleus which pass into the glossopharyngeal nerve end in the stylo-pharyngeus

muscle ; the vagal branches are distributed to the striated muscles of the pharynx
and larynx. The cells of the nucleus ambiguus are large, multipolar, and similar

in every respect to the large cells in the anterior column of the spinal medulla.

These cells are arranged in a slender column which is best developed in the

open part of the medulla oblongata. Here the nucleus can easily be detected, in

transverse sections, as a small area of compact gray matter which lies in the substantia

reticularis grisea, midway between the dorsal accessory olive and the nucleus

tractus s])inali3 nervi trigemini. It therefore lies more deeply in the substance of

the medulla oblongata than the dorsal vago-glossopharyngeal nucleus. KolHker
states that it can be traced downwards as low as the level of the decussation of
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the medial lemniscus, and upwards as high as the place of entrance of the

cochlear root of the acoustic nerve. From its dorsal aspect the axons of the cells

proceed, and in tlie first instance they pass backwards towards the floor of the

fourth ventricle: then, bending suddenly laterally and forwards, they join the

afferent roots of the vagus and the glossopharyngeal nerves, and emerge from the

brain in company with these.

Sensory or Terminal Nuclei of the Glossopharyngeal and Vagus.

Splanchnic and Gustatory Components.—Tlie cells iu the i.ortion of the dorsal

nucleus which acts as a nucleus of termination are spindle-shaped in form and
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similar to those found in the posterior column of gray matter in the spinal medulla.

In connexion with these cells, the greater number of the afferent fibres of the

vagus nerve, and a small proportion of the afferent fibres of the glossopharyngeal

nerve, end in fine terminal arborisations. A small part of the superior portion of

the nucleus may be said to belong to the glossopharyngeal nerve and the remainder

of the nucleus to the vagus nerve.

The tractus solitarius (Figs. 494. p. 561 ; 495, p. 561 ; and 530) is a round

bundle of longitudinal fibres which forms a very conspicuous object in trans-

verse sections through the medulla oblongata. It begins at the superior limit

of the medulla oblongata, and can be traced downwards through its whole

length. Its precise point of termination is not known, but some authorities believe
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that it is carried for some distance downwards into the superior part of the spinal

medulla, and, according to Kolliker, to the level of the fourth cervical nerve. Most
modern writers, however, limit it to the medulla oblongata. The relations of the

tractus solitarius are not the same in all parts of its course. It lies immediately

to the lateral side of the dorsal vago-glossopharyngeal nucleus ; but, whereas in

the superior part of the medulla oblongata it is situated somewhat on the ventral

side of that nucleus, in the inferior, closed part of the medulla oblongata it is

placed on its dorsal aspect. Throughout its entire length it is intimately associated

with a column of gelatinous gray substance called the nucleus tractus solitarii,

wliich constitutes the nucleus of termination in which its fibres end. When
ti'aced from above downwards, the tractus soUtarius is observed to become gradually

smaller owing to the loss of fibres which it thus sustains. The great bulk of the

tractus solitarius is formed of fibres derived from the glossopharyngeal nerve ; only

a few of the afferent fibres of the vagus enter it, but fibres of the sensory root

(nervus intermedius) of the facial also enter it. As the fibres of the three nerves

join the fasciculus they immediately turn downwards, and at different levels come
to an end in the associated nucleus tractus solitarii.

As the afferent root-bundles of the vagus and the glossopharyngeal nerves traverse

the substance of the medulla oblongata in a backward and medial direction to reach

the tractus solitarius and the dorsal nucleus of termination, they pass through the

ti'actus spinalis of the trigeminal nerve and the nucleus of that tract. As the

afferent root of the vagus passes through the trigeminal tractus spinalis and its

nucleus, which is somatic sensory in nature, it gives off to this nucleus its own somatic

sensory branches, the peripheral ends of which constitute the auricular branch, dis-

tributed to the skin on the back of the auricle. The other afferent fibres in the

glossopharyngeal and vagus nerves include taste fibres, sensory fibres from the pharynx,

larynx, and other parts of the respiratory and alimentary systems, and other splanchnic

afferent fibres. Although there is no sharp demarcation between the terminal nuclei of

these various components, it is probable that the taste fibres proceed to the nucleus

tractus solitarii, the splanchnic afferent fibres to the dorsal nucleus, and the somatic

afferent fibres to the nucleus of the spinal trigeminal tract.

Nervus Acusticus.—As this is a nerve of special sense it will be left for con-

sideration after the rest of this series.

Nervus Facialis (Figs. 530 and 531).—The facial nerve is composed of two
distinct parts, viz., a large efferent (mainly motor) portion, the facial nerve proper,

and a small afferent sensory portion termed the nervus intermedius.

The facial nerve proper emerges from the brain at the inferior border of the pons,

to the medial side of the acoustic nerve, whilst the nervus intermedius sinks into

the superior part of the medulla oblongata between the facial and acoustic nerves,

but alongside the latter, rather than the former, from which it is separated

by the fasciculus obliquus pontis (Fig. 52.7). The three nerves, therefore, lie in

intimate relation with each other, where they are attached to the surface of the

brain, and they pass in company into the internal acoustic meatus.

The fibres of the nervus intermedius arise from the cells of the ganglion geniculi

of the facial nerve. These, like the cells of a spinal ganglion, are unipolar, the

single process in each case dividing into a peripheral and a central branch. The
group of peripheral fibres represent parts of the greater superficial petrosal nerve

and chorda tympani branch of the facial nerve, whilst the central fibres form the

nervus intermedius. The central fibres penetrate the brain, and, passing either

through or on the dorsal side of the tractus spinalis of the trigeminal nerve, they

finally reach the superior part of the column of gray matter in connexion with the

tractus solitarius, and in this they end. The nervus intermedius presents, therefore,

the same terminal connexions within the brain as the glossopharyngeal nerve.

The motor nucleus of the facial nerve contains elements serially homologous

with both the somatic (nucleus ambiguus) and splanchnic (nucleus dorsalis)

efferent nuclei of the glossopharyngeal and vagus. It is composed partly of the

larger cells characteristic of the former and the smaller cells distinctive of

the latter. The axons of the somatic cells innervate the striated muscles of

the face, whereas the splanchnic efferent fibres pass to the spheno-palatine, otic
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and submaxillary ganglia (as their white rami communicantes), and are largely

concerned with the regulation of the secretory activity of the large salivary glands

and other glands around the mouth.
The facial nucleus is situated close to the place where the nerve emerges from

the brain, but the nerve does not at once pass to this point of exit. It pursues
a long and devious path within the pons before it finally reaches the surface.

This intrapontino part of the nerve may be divided into three parts, viz. : (1) a

radicular part, (2) an ascending portion, and (3) an emergent part.

The radicular part of the facial nerve (Fig. 531) is composed of a large number
of fine, loosely arranged bundles of fibres, which issue from the lateral and dorsal

aspect of the nucleus and proceed backwards and slightly medially through the

pons. Reaching the floor of the fourth ventricle they curve medially, and the

bundles which lie highest up sweep over the lateral and dorsal aspect of the

inferior part of the nucleus of the sixth nerve. Close to the median plane they

turn sharply upwards and are collected into a single solid nerve-bundle, which
constitutes the ascending part of the facial nerve (Figs. 530 and 531). This
proceeds upwards immediately beneath the ependyma of the ventricular floor

on the dorsal aspect of the medial longitudinal bundle, and along the medial side

of the abducent nucleus for a distance of about five millimetres. Then the

nerve bends laterally at a right

angle, and curves a second time

over the dorsal aspect of the ab-

ducent nucleus. This gives rise

to a prominent hemispheral pro-

jection in the floor of the fourth

ventricle, the colliculus facialis (Fig.

531 and Fig. 482, p. 550). The
nerve now passes straight to the

place of exit from the brain, and
this part of the intrapontine trunk
may be termed the emergent por-

tion (Figs. 498 and 531). The
facial nerve thus forms a curved
loop over the dorsal aspect of the

abducent nucleus. The emergent

part of the nerve takes an oblique

course through the pons to reach

the surface. It inclines laterally

and downwards as it proceeds to-

wards the ventral aspect of the pons,

and on its way it passes between
its own nucleus and the tractus

spinalis of the trigeminal nerve.

Entering the facial nucleus,

and ending in fineterminalarborisa-

tions around its cells, are many
fibres from the opposite pyramidal
tract ; fibres from the spinal tract

of the fifth nerve ; fibres from the

corpus trapezoideum, etc. The nucleus is thus brought into connexion with the

motor area of the cerebral cortex, with the trigeminal nerve or sensory nerve of

the face, and with the acoustic nerve.

The peculiar course of the efferent fibres of the facial nerve within the pons

is to be explained in accordance with the general principle regulating migrations

of nerve-cells, to which reference has already been made (p. 554). In the embryo
the nucleus facialis develops alongside the nucleus abducens. The latter, con-

trolling one of the eye-muscles, receives most of its afferent impulses from the

medial longitudinal bundle (descending from the optic centres in the superior

colliculus), and therefore it remains alongside the medial longitudinal bundle

39 6

Fig. 531.- -DlAORAM OF THE InTRAPONTINE CoCRSB OF
THE Facial Nerve.

Sub. gel. rol. refers to the nucleus of the spinal trigeminal

tract.
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and perhaps moves slightly upwards, i.e. towards the mesencephalon. The facial

nucleus, however, receives most of its stimuli from the nucleus tractus spinalis

nervi trigemini, and therefore, as the walls of the metencephalon thicken during
their growth, this nucleus retains its proximity to the trigeminal nucleus

(Fig. 531), and so migrates along a course which remains mapped out by its

emerging fibres. Streeter, working with human embryos, and Ariens-Kappers,

on comparative and therefore broader lines, have elucidated the meaning of this

peculiar intracentral course of the facial nerve.

Nervus Abducens (Figs. 498 and 531).— The abducens nerve is a small

motor nerve which emerges from the brain at the inferior border of the pons

above the lateral side of the pyramid of the medulla oblongata. It is the nerve

of supply to the lateral rectus muscle of the eyeball. Its nucleus of origin is

a small spherical mass of gray matter, containing large multipolar cells, which
lies in the dorsal part of the tegmental portion of the pons, close to the median
plane and immediately subjacent to the gray matter of the floor of the fourth

ventricle. Its position can be easily indicated on the ventricular floor, seeing

that it is placed subjacent to the colliculus facialis and immediately above the

level of the striae meduUares. Its peculiar and intimate relation to the intra-

pontine portion of the facial nerve has already been indicated. It lies on the ventral

aspect of, and within the concavity formed by, the two limbs of the loop of that nerve.

The axons of the multipolar cells of this nucleus emerge from the medial aspect

of the nucleus in the form of several bundles, which proceed through the whole
dorso- ventral thickness of the pons towards the place of exit. As they pass

forwards they incline downwards and slightly laterally. In the dorsal part

of the pons they proceed forwards on the medial side of the nucleus olivaris superior,

whilst in the basilar part of the pons they keep for the most part to the lateral

side of the pyramidal bundles, although several of the nerve fila pierce these

on their way to the surface.

It would appear probable that certain of the axons of the cells of the abducens nucleus enter

the medial longitudinal fasciculus and jaroceed upwards in it to end in the oculomotor
nucleus of the opposite side. Fibres and collaterals from the basis pedunculi of the opposite

side enter the nucleus, and, ending around the cells, bring the nucleus into connexion with the

motor area of the cerebral cortex. The pedicle of the nucleus olivaris superior ends partly

within the nucleus of the abducent nerve (Fig. 530).

Nervus Trigeminus.—The trigeminal nerve strikes its roots deeply into the

brain and establishes a connexion with it which extends from the upper part of

the mesencephalon above to the level of the second cervical nerve below. No
other cerebral nerve presents so extensive a connexion (Fig. 530, p. 597). It

is composed of two roots—a large afferent or sensory root and a small efferent

or motor root. Both roots appear close together on the surface of the pons,

rather nearer its superior than its inferior border, and in the same line as the

facial, and glossopharyngeal and vagus nerves (Fig. 527, p. 594).

The sensory root of the trigeminal nerve is composed of fibres which arise outside

the brain from the cells of the semilunar ganglion. They end within the brain in a

somewhat tadpole-shaped terminal nucleus, the swollen body of which is situated

in the pons and is termed the main sensory nucleus of the trigeminal nerve

:

the tail is a long column of gray matter which is directly continuous below
with the substantia gelatinosa of the spinal medulla.

The main sensory nucleus (Fig. 532) is an oval mass of gray matter placed

half-way up the pons in the lateral part of its dorsal or tegmental portion. It lies

close to the lateral surface of the pons and immediately subjacent to the ventral

submerged margin of the brachium conjunctivum. It is directly continuous with
the substantia gelatinosa, and may be regarded as being merely the enlarged

superior end of that column of gray matter.

The fibres of the sensory root of the trigeminal nerve, on reaching the sensory

nucleus, divide, in the same way as the fibres of the entering posterior roots of the

spinal nerves, into a system of ascending and descending branches (Fig. 530, p. 597).

The ascending fibres are short, and almost immediately enter the sensory nucleus

and end within it; the descending fibres turn sharply downwards and form the
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tractus spinalis. This tract descends on the lateral side of the column of gray matter
formed by tlie substantia gelatinosa, which constitutes its terminal nucleus, nucleus

tractus spinalis nervi trigemini. Fibres constantly leave it to enter the nucleus,

so that the lowi-r it gets the smaller does the spinal tract become until, in the

upper part of the spinal medulla, about the level of the first or second spinal nerve,

it disappears altogether.

The large spinal tract of the trigeminal nerve, is a conspicuous object in sections

through the pons and medulla oblongata. In the pons it traverses the dorsal or

tegmental part, first, between the emergent part of the facial nerve and the

vestibular nerve ; and then lower down, between the restiform body and the nucleus of

the facial nerve (Fig. 498, p. 565). In cross sections it presents a well-defined semi-

lunar or ciu'ved piriform outline. In the superior part of the medulla oblongata it lies

on the ventral aspect of the restiform body, and therefore nearer the surface than in

Hrailiiiiiu cuiiji

Mesencephalic root of tlie trigeminal nerve

Motor nucleus of the trioemwnl ner\

elum

Motor root of the trigeminal ner\e-
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trigeminal nerve-
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trigeminal nerve

~

Brachiuni pontir"

1 /
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Fig. 532.— Section through the Pons of the Orang, at the Level ok the Ncclei
OF the Trigeminal Nerve.

the pons (Fig. 495, p. 561). Here it is traversed and broken up into separate bundles

by the olivo-cerebellar fibres and the roots of the glossophar^mgeal and vagus nerves.

Finally, it comes to the surface and its fibres are spread over the area on the side of

the medulla oblongata known as the tuberculum cinereum of Rolando (Fig. 494, p. 561).

The small motor part of the trigeminal nerve is distributed chiefly to the muscles

of mastication, and derives its fibres from the motor nucleus.

The motor nucleus (Fig. 532) lies in the lateral part of the tegmental portion of

the pons, close to the medial side of the main sensory terminal nucleus, but some-
what nearer the floor of the fourth ventricle. It is serially homologous with the

motor nuclei of the lateral somatic group, namely, the facial and nucleus ambiguus.

It does not become displaced so far forwards as these nuclei, because its chief source

of sensory impulses—the terminal nucleus of the trigeminal afferent fibres—is

placed alongside it, and there is no need for any definite migration (Fig. 532).

Tlie mesencephalic root or radix descendens nervi trigemini takes origin from
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a column of loosely arranged pear-shaped unipolar cells which are placed in the

extreme lateral part of the gray matter surrounding the aquaeductus cerebri. As
this root is traced downwards it gradually increases in size by the accession of new
fibres, and it assumes a crescentic form in transverse section (Figs. 501, p. 569

;

532, p. 601 ; 533 ; and 53-4, p. 603). In the inferior part of the mesencephalon it

lies on the medial side of the brachium conjunctivum ; and the trochlear nerve, on its

way to the surface, runs downwards in its concavity and on its medial aspect. In
the superior part of the pons it continues its course downwards on the lateral and deep
aspect of the gray matter in the floor of the fourth ventricle. Finally, reaching the
level of the nuclei of the trigeminal nerve, the fibres of the mesencephalic root turn
forwards and are said to join the sensory part (Johnston) of the trigeminal nerve. Otto
May and Horsley, however, confirm the usual description, viz., that it passes into the

motor root; but, according to them, it cannot be traced beyond the semilunar ganglion.

It is customary to de-

scribe this mesencephalic root

as belonging to the motor
division of the trigeminal

nerve; but Johnston has re-

cently questioned this and
claimed : (1) that its fibres

become associated at their exit

from the ' central nervous

system with the sensory, and
not with the motor, root

; (2)

that its nucleus develops in

the alar and not in the basal

lamina ; and (3) that the

pear-shaped unipolar cells,

from which its fibres arise,

conform to the sensory and
not to the motor type.

The reason why its sensory

nature has not been suspected

hitherto is no doubt the fact

that its fibres arise not in

some ganglion outside the

central nervous

other sensory

from cells in

neural crest

Decussation of lateral lemniscus fibres

Aquseductus cerebri

Central gray matter

Nucleus of inferior

collieulus
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Mesencephalic root
of trigeminal nerve

Nucleus of trochlear,
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Fig. 533.

—

Section through the Inferior Colliculus and the
Tegmentum op the Mesencephalon at the Level op the
Middle Part of the Nucleus of the Trochlear Nerve
(Orang).

system, like

nerves, but

the tectum
mesencephali. If Johnston's view is correct, the neural crest in the mesen-
cephalic region must have been drawn into the neural tube during development
and given rise to this sensory nucleus of origin {not a terminal nucleus) within
the central nervous system.

Otto May and Sir Victor Horsley have shown that the mesencephalic root is

a mixture of ascending and descending fibres, but there is no evidence to show
that the latter may not be sensory like the former. Nothing is known of their

peripheral distribution.

Nervus Trochlearis.—The trochlear nerve supplies the superior oblique muscle
of the eyeball. It emerges from the brain, on its dorsal aspect, at the superior

part of the anterior medullary velum, immediately below the lower border of the

inferior colliculus (Eig. 517, p. 583). The nucleus from which it arises is a small
oval mass of gray matter, placed in the ventral part of the central gray matter, at

the level of the superior part of the inferior colliculus. The close association of this,

nucleus with the medial longitudinal bundle has already been referred to. It is

sunk deeply in a bay which is hollowed out on the dorsal and medial aspect of
that tract. The nerve has a course of some length within the mesencephalon. The
axons of the cells leave the lateral aspect of the nuclear mass, and curve backwards
and laterally in the central gray matter until they reach the concave medial surface
of the mesencephalic root of the trigeminal nerve. Here they are gathered together
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into one or two round bundles, which, bending sharply, turn downwards at a right

angle and descend on the medial side of the trigeminal root. When the region

below the interior coUiculus is reached, the nerve makes another sharp bend. This

time it turns medially, enters the superior end of the anterior medullary velum, in

which it decussates with its fellow of the opposite side. Havidg thus crossed the

median plane, the trochlear nerve emerges at the medial border of the brachium
conjunctivum. The course pursued by the trochlear nerve within the central

gray matter may be traced by examining in succession Fig. 533 ; Fig. 534

;

Fig. 502, p. 570 ; and Fig. 512, p. 577.

Nervus Oculomotorius.—The oculomotor nerve supplies the levator palpebrae

superioris, all the ocular muscles, with the exception of the superior oblique and
the lateral rectus, and also two muscles within the eyeball, viz., the sphincter iridis

and the musculus ciliaris. The nucleus of origin is placed in the ventral part of

the central gray matter subjacent to the superior colliculus (Fig. 521, p. 587). In

length it measures from 5 to 6

mm. Its inferior end is par-

tially continuous with the

nucleus of the trochlear nerve,

whilst its superior end extends

upwards for a short distance

beyond the mesencephalon

into the gray matter on the

side wall of the third

ventricle. Its relation to the

medial longitudinal bundle is

even more intimate than that

of the trochlear nucleus. It

closely applied to the
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Section through thb Inferior Colliculus and the

Tegmentum of the Mesencephalon at the Level ok the

Inferior Part of the Nucleus of the Trochlear Nerve
(Orang).

dorsal and medial aspect of

this strand ; many of its cells

occupy a position in the in-

tervals between the nerve-

bundles of the tract, and some
even are seen on its ventral or

tegmental aspect. The axons

of the nuclear cells leave the

nucleus in numerous bundles,

which describe a series of

curves as they proceed for-

wards through the medial longitudinal bundle, the tegmentum, red nucleus, and

medial margin of the substantia nigra, to emerge finally from the brain-stem along

the bottom of the sulcus oculo-motorius on the medial aspect of the basis pedunculi.

The cells of the oculomotor nucleus are not uniformly distributed through-

out it. They are grouped into several more or less distinct collections or

clumps, some of which possess cells which dilfer in size and appearance from the

others. These cell-clusters are very generally believed to possess a definite relation

to the several branches of the nerve and the muscles which they supply. Perlia

recognises no less than seven such cell-clusters in each nucleus, with a small median

nucleus placed accurately on the median plane, and from which fibres for both nerves

spring. Whilst the majority of the fibres in the oculomotor nerve arise from the

cell-groups which lie on its own side of the median plane, it has been satisfactorily

established that a certain proportion of its fibres are derived from the nucleus of

the opposite side, thus forming a crossed connexion and giving rise to a median

decussation. These crossed fibres are supposed by some to supply the medial rectus

muscle ; and we have seen that there is reason to beheve that the part of the nucleus

from which these fibres are derived stands in connexion through the medial longi-

tudinal fasciculus with the abducens nucleus from which proceeds the nerve of supply

for the lateral rectus muscle. The harmonious action of the medial and lateral

recti in producing the conjugate movements of the eyeballs is thus explained.
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The oculomotor nucleus is connected—(1) with the occipital part of the

cerebral cortex by fibres which reach it through the optic radiation
; (2) with the

vestibular, trochlear and abducent nuclei (and probably with other nuclei) by
fibres which come to it through the medial longitudinal bundle

; (3) possibly with

the facial nerve by fibres which pass out from it into the medial longitudinal

bundle (p. 589); (4) with the visual system by fibres which enter it from the cells

of the superior colliculus.

It is important to recognise that although the main part of the oculomotor

nucleus belongs to the medial somatic group, which also includes the trochlear,

abducent and hypoglossal nuclei, it also includes a representative (the Edinger-

Westphal group of small cells) of the column of splanchnic efferent nuclei in series

with those of the facial, glossopharyngeal, and vagus nerves. Its axons pass out

along with the other fibres of the oculomotor nerve and enter the ciliary

ganglion, where they end in relationship with the cells that innervate the ciliaiy

muscle and the circular muscle of the iris.

Nervus Acusticus.—This large nerve enters the brain at the inferior border

of the pons. Its fibres spring from bipolar ganglionic cells in the immediate

neighbourhood of the labyrinth or internal ear (see section dealing with the

Organs of Sense). One group of these forms the spiral ganglion, the peripheral

branches of which are distributed to the organ of Corti in the cochlea : another

group constitutes the vestibular ganglion (often called Scarpa's), which distributes

fibres to the ampullar of the semicircular ducts, the utricle, and the saccule. Although

the central processes of the cells in these two ganglia accompany one another and are

known collectively as the acoustic nerve they really remain distinct throughout, in

their mode of termination in the brain as well as in their peripheral distribution.

Reaching the brain the acoustic nerve divides into two parts, viz., the nervus

cochlearis and the nervus vestibularis, which present totally different connexions,

corresponding to their distinct functions. In their further course these two

divisions deviate from each other so as to embrace the restiform body— the

vestibular part entering the pons on the medial aspect of the restiform body,

whilst the cochlear part sweeps round its lateral surface. Special nuclei of

termination require to be studied in connexion with each part of the nerve.

The coclilear nerve is composed of finer fibres than the vestibular nerve,

and its fibres acquire their medullary sheaths at a later period. It is the true nerve

of hearing, and its fibres end in a nucleus which lies in intimate relation to the

restiform body. It may be described as consisting of two parts. Of these

one, called the dorsal coclilear nucleus, is a piriform mass which is placed on the

dorsal aspect of the restiform body—between it and the flocculus of the cere-

bellum. The second ySiTt, termed the ventral cochlear nucleus, is placed on

the ventral aspect of the restiform body in the interval between the cochlear and

vestibular divisions of the acoustic nerve, after they have separated from each

other. The fibres of the cochlear nerve enter these two ganglia and end around

the cells in arborisations, which are finer, closer, and more intricate than those

met with in any other nerve-ending in the brain.

The vestibular nerve enters the brain at a slightly higher level than the cochlear

nerve and on the medial aspect of the ventral cochlear nucleus. It proceeds

backwards through the pons between the restiform body, which lies on its lateral

side, and the spinal tract of the trigeminal nerve, which is placed on its medial side.

Its fibres end in a series of terminal nuclei (Fig. 530, p. 597), viz. : (1) the nucleus

vestibularis dorsalis, often known as the principal nucleus, (2) its inferior pro-

longation, nucleus tractus descendentis, (3) the nucleus vestibularis lateralis {Deiters'),

(4) the nucleus vestibularis superior (Bechterevj's), and (5) the cerebellar cortex.

The principal nucleus (Figs. 498, p. 565, and 535, p. 605) is a large diffuse

nuclear mass, which lies in the floor of the fourth ventricle subjacent to the surface

district known as the area acustica (Fig. 482, p. 550). It is situated, therefore,

in both the pons and the medulla oblongata to the lateral side of the fovea superior

and the fovea inferior. In transverse section it is prismatic in outline, and cross-

ing the surface of its upper or pontine part immediately under the ependyma of

the ventricle are the strise meduUares.
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When the nervus vestibularis, as it traverses the brain, reaches the medial aspect
of the dorsjil portion of the restiform body, its fibres bifurcate to form ascending
and descending tracts. The latter pass vertically downwards in separate bundles
and form the descending tract of the vestibular nerve (Figs. 498, p. 565 ; 495,
p. 561 ; and 5.S0, p. 597). This y^roceeds through the inferior i)art of the
pons into the medulla oblongata, in which it may be traced as far as the level of
the decussation of the medial lemniscus. Associated with the descending tract

there is a column of gray matter, with nerve-cells strewn sparsely throughout it.

This is the nucleus of the descending tract, and the fibres end in fine arborisa-
tions around these nerve-cells.

Some of the ascending fibres of the vestibular nerve end in the nucleus lateralis.

This nucleus is composed of a number of large and conspicuous multipolar
nerve -eel Is,"

which are scat-

tered amidst the

bundles of the

vestibular
nerve. As it is

traced upwards
into the pons

the nucleus
gradually in-

clines back-
wards,and final-

ly it occupies a

place in the

side wall of

the fourth ven-

tricle. It attains

its greatest de-

velopment at

the level of the

emerging part of

the facial nerve

and this upper
part is some -

times termed
the nucleus
superior.

Other ascending fibres pass without interruption into the cerebellum to

terminate in the cortex of the vermis and hemisphere. In their course many of

these fibres pass through the nucleus fastigii, and many writers describe them as

terminating in this nucleus ; but according to Ramon y Cajal they merely traverse

it on their way to the cerebellar cortex.

From the large-celled nucleus lateralis—best known as Deiters' nucleus—a strand

of fibres passes medially to reach the medial longitudinal fasciculus, of which it

forms one of the most important constituent elements. Some of these fibres pass

upwards to the nuclei of the oculomotor, trochlear, and abducens nerves ; others

downwards, probably to the nucleus of the accessory nerve, which are concerned

in regulating the movements of the eyes and the head respectively, because

they need to be thus closely linked to the receptive nucleus of the nerve

(vestibular), which is concerned with the appreciation of movements of the head

and the position of the body in space. Other fibres arise from the lateral

nucleus and pass directly to the spinal medulla without passing through the

medial longitudinal bundle ; they form the fasciculus vestibulospinalis, which
passes downwards in the funiculus anterior and distributes fibres to the various

motor nuclei in the anterior column of the spinal medulla (Fig. 524, p. 590, and
Fig. 473, p. 534).

The nucleus superior (Bechterew's nucleus) likewise emits a group of fibres

MEDULLA OBLONGATA

Corpus trape5oideum

Fig. 535.

—

Central Connexions of the Cochlear and Vestibular
Divisions of the Acoustic Nerve.

Vestibular fibres greeu. Cochlear fibres yellow.
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which pass dh-ectly to the mid-brain (fasciculus vestibulomesenceplialicus), chiefly to

the oculomotor and trochlear nuclei (Fig. 524, p. 590).

Central Connexions of the Cochlear Nerve.—The cochlear nuclei are brought
into connexion with the inferior colliculus and the medial geniculate body of the opposite
side by the fibres of the corpus trapezoideum and the lateral lemniscus.

The fibres of the cochlear nerve end in the ventral cochlear nucleus and in the dorsal
cochlear nucleus (tuberculum acusticum). From the cells of these nuclei two tracts

arise, viz., a ventral tract, composed of the fibres of the corpus trapezoideum, and a
dorsal tract, which is represented by the striae medullares.

The corpus trapezoideum (Figs. 531 and 532) is formed of the axons of the cells of the
ventral cochlear nucleus, as well as certain of the axons of the cells of the dorsal

nucleus. In the midst of the corpus trapezoideum are lodged large cells which are known
as the micleus trapezoideus, and these give off axons which join the strand with which
they are associated. Many of the fibres of the corpus trapezoideum end in a large mass of

gray matter called the nucleus olivaris superior, which is placed immediately behind the

Fig. 536.

—

Section through the Pons of the Orang.

The left side of the drawing is taken from a section at

from which the right side
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7. Spinal tract of trigeminal nerve.

8. Vestibular nerve.
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10. Lemniscus medialis.

11. Pyramidal tract.

12. Transverse fibres of pons.

a level slightly inferior to the section

is taken.
B

1. Ascending part of facial nerve.
2. Emergent portion of facial nerve.

'

3. Restiform body.
4. Nucleus of abducens nerve.
5. Abducens nerve.

6. Emergent part of facial nerve.
7. Peduncle of superior olive.

8. Superior olive.

9. Corjjus trapezoideum.
10. Facial nerve.
11. Abducens nerve.
12. Pyramidal tract.

13. Transverse fibres of pons.

trapezoid body. The trapezial fibres cross the median plane and decussate with the

corresponding fibres of the opposite side. Reaching the opposite superior olivary

nucleus, more fibres leave the trapezoid body, and almost immediately after this the

strand bends upwards and forms the lemniscus lateralis (Figs. 535, p. 605 ; 537, p. 607).

But still another nucleus is interposed in its path, viz., the nucleus lemnisci lateralis.

Here some fibres are dropped, whilst from the nuclear cells others are acquired, and
the lateral lemniscus then proceeds upwards until it reaches the inferior colliculus

and the medial geniculate body, in which its fibres end.

Other fibres arise from the cells of the dorsal cochlear nucleus, and arrange themselves

in the conspicuous bundles which sweep round the dorsal aspect of the restiform body
and proceed medially across the floor of the fourth ventricle, often immediately

beneath the ependyma (Fig. 482, p. 550). Reaching the median plane they dip forwards

into the substance of the pons, and, crossing the median plane, they join the lateral
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Thalamus
(nucleus
lateralis)

lemniscus. It is important to remember that the striic mediillares are not always visible

in the floor of the fourth ventricle (Fig. 5:55), but are often buried more or less deeply.

The connexion between the terminal cochlear nuclei and the inferior colliculus is

not altogether with that of the opposite side, as the foregoing description and the

diagram (Fig. 534) might lead one to infer. A few fibres pass directly to the inferior

colliculus of the same side, but none to the corresponding medial geniculate body : the

connexion with the latter is entirely crossed (Ferrier and Turner).

From the medial geniculate body there proceeds a tract to the cerebral cortex of the

transverse temporal gyri (Heschl's). The whole nervous apparatus is thus linked on

to the cerebral cortex, and the succession of neurones which build up the entire chain

are therefore: (1) in the cochlea of the internal ear, the bipolar cells of the spiral

Tlialaiiio-cerebral (sensory)
radiation in internal capsule

Acoustic
rarliation enter-

' ing transverse
tenij)oral tryri

Ventro-lateral thalamic nucleus
receiving the medial lemniscus
and emitting sensory
fibres to the cortex
Acoustic radiation
Lateral geniculate body
recei\'ing lateral lemniscus and
emitting acoustic radiation • "n-

Lateral ventricle inferior comu
Medial geniculate body

Fimbria

Hippocampus

Lateral lemniscus

Medial lemniscus at the part where
the spinothalamic and bulbo-
thalamic tracts join

Basis
peduticuli

cerebri

Substantia
nigra

Cerebro-spinal and
cerebro-pontiue tracts

in the pons

N'ervus acusticus

Corpus trapezoideuni-

Pyraniid"

Decussation of pyramids -

Ventral cerebro-spinal tract

Fio. 537.—A Vektical Tbansverse Section of the Brain to show the Whole of the Central

Acoustic Path. The left hemisphere (right side of the figure) is cut on a plane posterior to that of

the right. Motor fibres red. Sensory fibres blue. Acoustic fibres yellow.

ganglion emit axons that terminate in the brain; in (2) the cochlear nuclei, from the

nerve-cells of which fibres arise and cross to the lateral lemniscus of the opposite side,

proceeding to (3) the medial geniculate body, from which fibres pass to the cerebral cortex.

It must be borne in mind that all the axons of the cells of the superior olive do not

join the trapezoid strand. Many leave its dorsal aspect and pass backwards in a group

called the pedicle of the superior olive, to end in the nucleus of the abducens nerve,

and, through the medial longitudinal bundle, in the nuclei of the trochlear and oculo-

motor nerves. In this way the organ of hearing is brought into connexion with the

nuclei which preside over the movements of the eyeballs (Figs. 531, p. 599, and 536, p.

606).

PROSENCEPHALON OR FORE-BRAIN.

The fore-brain vesicle in the embryo has been subdivided, somewhat arbitrarily,
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into two parts—an anterior, termed the telencephalon, and a posterior, called the

diencephalon, which forms the greater part of the walls of the third ventricle. The
extreme anterior part of the third ventricle belongs to the telencephalon, and this

includes the anterior wall of the neural tube, which is known as the lamina

terminalis.

Development of Pakts derived from Fore-Brain.

The alar part of each side wall of the telencephalon is pushed out to form a

diverticulum, which ultimately constitutes the cerebral hemisphere, and thus, from a very-

early period, the primitive position of this part of the side wall is indicated by the

wide foramen interventriculare, or aperture of commimication between the cavity of the

cerebral hemisphere and the third ventricle (Fig. 538).

The alar part of the side wall of the diencephalon is utilised for the development

of the thalamus, the epithalamus, and the metathalamus. Of these the thalamus is

derived from the anterior and by far the greatest part of the alar wall. It arises as a

large oval swelling, which gradually approaches its fellow of the opposite side, and thus

diminishes the width of the third ventricle. Finally, the two bodies sometimes come into

contact in the median plane and cohere over an area corresponding to the massa inter-

media. This may occur about the end of the second month.

From that section of the side wall to which the name of metathalamus is given the

two geniculate bodies arise. Each of these shows, in the first place, as a depression on

the inside, and a slight elevation on the outside, of the wall of the diencephalon. As the

thalamus grows backwards, it encroaches greatly upon the territory occupied by the geni-

culate bodies. It thus comes about that in the adult brain the medial geniculate body
seems to hold a position on the lateral aspect of the mesencephalon, whilst the lateral

geniculate body, viewed from the surface, appears to be a part of the thalamus.

From the epithalamic region of the wall of the diencephalon are developed the

pineal body, its peduncle, and the habenular region. These parts are relatively much more
evident in the embryonic than in the adult brain. The pineal body appears to be

developed as a diverticulum of the posterior part of the roof of the diencephalon, but in

reality it is a derivative of the alar lamina. Viewed from the dorsal aspect of the brain-

tube, this diverticulum shows in the first instance, as a rounded elevation, from each

side of which a broad ridge runs forwards. This ridge becomes the taenia thalami,

whilst in the region of its junction with the pineal elevation the trigonum habenulse

takes shape. The pineal diverticulum ultimately becomes solid, but a small portion of

the original cavity is retained as the recessus pineahs of the third ventricle.

The part of the diencephalon and telencephalon which represents the basal lamina (i.e.

lies below the level of the sulcus hypothalamicus) retains its primitive form, and undergoes

only slight change. Consequently, when this region in the adult brain is compared with the

corresponding region in the embryonic brain, the resemblance between the two is very striking.

In the fore-brain, therefore, it is the alar lamina which plays the predominant part in

the formation of the cerebrum. The value, also, of the basal part of the wall of this

portion of the neural tube is still further reduced by the fact that it no longer contains

the nuclei of origin of efferent nerves. The highest of these nuclei (the oculomotor) is

placed in the mesencephalon. [Johnston has recently announced the discovery of a sensory

nerve (nervus terminalis) attached to the fore-brain in human emVjryos ; and of course the

optic and olfactory nerves enter the fore-brain.]

The region of the fore-brain which lies below the sulcus hypothalamicus is termed the

hypothalamus. The part of this which con-esponds to the diencephalon is called the

pars mamillaris hypothalami, whilst the part in front, which belongs to the telen-

cephalon, receives the name of pars optica hypothalami. From the pars mamillaris

hypothalami are derived the corpus mamillare and a portion of the tuber cinereum.

With the pars optica hypothalami are associated the following parts, viz., the tuber

cinereum, with the infundibulum and the cerebral part of the hypophysis, the optic

chiasma, the optic recess, and the lamina terminalis. The corpora mamillaria form,

in the first instance, a relatively large ventral bulging of the floor of the brain-tube.

As development goes on this bulging becomes relatively small, and about the fourth

month the single projection becomes divided into the two tubercles. The infundibulum

and posterior or ceix'bral lobe of the hypophysis are developed as a hollow downward
diverticulum of the floor of the telencephalon (Fig. 538). A portion of the original

cavity is retained in the upper part of the infundibulum, and constitutes the infundibular

recess in the floor of the third ventricle.
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FORE „

Tlie optic nerve is formed chiefly by the passage of fibres backwards from the retina

in the wall of the original optic stalk, whilst tlie chiasma takes form by the transit of

fibres across the median plane

in front of the infundibuluni

and behind the optic recess.

To a large extent these fibres

are derived from the optic

nerve. The optic recess of

the third ventricle marks the

spot where the hollow optic

vesicle was originally attached

to the inferior and lateral

part of the fore-brain, and in

the adult it therefore repre-

sents a portion of the primitive

cavity of the tubular stalk of

the optic vesicle. In the

course of development the

optic nerve fibres, which ap-

pear in the stalk of the optic

vesicle to form the optic nerve,

seek an attachment much
further back, and through the

optic tract they are even car

ried as far as the mesen-

cephalon.

The roof of the fore-

brain remains thin, and does

not proceed to the develop-

ment of nervous elements,

although its posterior part

becomes invaded by nervous

tissue to form the pineal body
and the posterior commissure.

In front of these structures

the roof of the fore-brain is

epithelial, and remains so dur-

ing life. It constitutes the

epithelial roof of the third

ventricle, and it becomes in-

voluted along the median plane

into the cavity to form the

Fio. 538.—Two Dkawings of the Embryonic Brain (by His).

A, Reconstruction of the fore-brain and mid-brain of His's embryo KG
;

profile view. B, Same brain as A, divided along the median plane

and viewed upon its inner aspect.

Mamillary eminence ; Tc, Tuber cinereum ; Hp, Hypophysis
(hypophyseal diverticulum from buccal cavity) ; Opt, Optic stalk

;

TH, Thalamus ; Tg, Tegmental part of mesencephalon ; Ps, Pars

hypothalamica ; Cs, Corpus striatum ; FM, Foramen interventricu-

lare ; L, Lamina terminalis ; RO, Recessus opticus ; Ri, Recessus

infundibuli.

M

chorioid plexuses of the ven-

tricle (Fig. 549, p. 622). The posterior commissure appears as a transverse thickening

at the bottom of a transverse groove which appears in the roof of the early brain-tube,

behind the pineal diverticulum.

Parts derived from the Diencephalon,

Under this heading we have to consider: (1) the thalamus; (2) the epithalamus,

which comprises the pineal body and the habenular region
; (3) the metathalamus,

or the corpora geniculata ; and (4) the hypothalamus.

The hypothalamus consists of two portions, viz., the pars mamillaris hypothalami,

which comprises the corpus mamillare and the portion of the central gray matter

which forms the floor of the third ventricle in its immediate vicinity ; and the pars

optica hypothalami, which embraces the tuber cinereum, the infundibulum, the

hypophysis (O.T. pituitary body), and the lamina terminalis. Strictly speaking, the

optic part of the hypothalamus does not belong to the diencephalon, but it is

convenient to study the parts which it represents at this stage.

The original ca\aty of that part of the brain-tube which forms the diencephalon

is represented by the greater part of the third ventricle of the brain.

Thalamus,—The thalamus is the principal object in this section of the brain

40
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(Fig. 538). It is a large ovoid mass of gray matter, which lies obliquely across

the path of the cerebral peduncle as it descends from the cerebral hemisphere.

The smaller anterior end of the thalamus lies close to the median plane, and is

separated from the corresponding part of the opposite side only by a very narrow

interval. The enlarged posterior ends of the two thalami are placed more widely

apart, and in the interval between them the corpora quadrigemina are situated.

The two thalami, in their anterior two-thirds, lie close together, one on each side

of the deep median cleft which receives the name of the third ventricle of the

brain. The inferior and lateral aspects are in apposition with, and, indeed, directly

connected with, adjacent parts of the brain, and on this account it is customary to

study them by means of sections through the brain. The superior and medial

surfaces are free.

The lateral surface of the thalamus is applied to a thick layer of white matter

interposed be-

tween it and the

lentiform nu-
cleus, called the

internal capsule,

and composed of

fibres passing
both upwards to-

wards and down-
wards from the

cerebral cortex.

A large propor-

tion ofthese fibres

descend to form

the basis pedun-
culi. From the

entire extent of

the lateral sur-

face of the thala-

mus large num-
bers of fibres

stream out and
enter the in-

ternal capsule, to

reach the cere-

bral cortex. They
constitute what

termed the

Noii-ventricular
part of Thalamus

Groove
corresponding

to fornix

Quadrigeininal
bodies

Trochlear nerve
Brachium

pontis
Bracliiiim

conjunctivuiii
Lingiila

Medulla
oblongata

Genu of corpus
callosum

Corpus callosum
(cut)

Cavum septi
pellucidi

Septum pellucidum

Caudate nucleus

Foramen inter-

ventriculare

Anterior commissure

Anterior tubercle
of thalamus

Massa intermedia

Third ventricle

Stria terminalis

Taenia thalami

Trigonuni habenuloe

Posterior
commissure

Stalk of pineal body

Pulvinar

Pineal body

IS

Fig. 539.—The Thalami and the Parts of the Bkain surrounding them.

Superior aspect.

thalamic radia-

tion. As the
fibres leave the

thalamus, over

the whole of the

lateral surface of the ganghonic mass they form a very distinct reticulated zone

or stratum, which is termed the external medullary lamina.

The inferior surface of the thalamus rests on the hypothalamus. From the

latter region many fibres enter the thalamus on its inferior aspect, whilst other

fibres leave this surface of the thalamus to take part in the thalamic radiation.

The superior surface of the thalamus is free. Laterally it is bounded by a

groove, which traverses the floor of the lateral ventricle of the brain and

intervenes between the thalamus and the caudate nucleus. In this groove

are placed a slender band of longitudinal fibres, termed the stria terminalis,

and in its forepart the vena terminalis. Medially, the superior surface of the

thalamus is separated from the medial surface in its anterior half by a

sharp edge or prominent ledge of the ependyma of the third ventricle. This is

termed the taenia thalami, and the ridge which it forms is accentuated by the
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presence of a subjacent longitudinal strand of fibres called the stria medullaris.

When these two structures, viz., tlie eijendymal ridge and the subjacent stria, are

traced backwards, they are seen to turn medially and Iteconie continuous with

the stalk or peduncle of the pineal body. Jiehind the portion of the ttenia

thalami which turns medially towards the pineal body a small depressed triangular

area, the trigonum habenulae, situated in front of the superior coUiculus, forms a very

definite medial lx)undary for the posterior part of the superior surface of the thalamus.

The superior surface of the thalamus is slightly bulging or convex, and is of a

whitish colour, owing to the presence of a thin superficial covering of nerve-fibres,

termed the stratum zonale. It is divided into two areas by a faint oblique groove,

which begins in front at the medial border, a short distance behind the anterior

extremity of the thalamus, and extends laterally and backwards to the lateral

part of the posterior extremity. This groove corresponds to the edge of the

fornix. The two areas which are thus mapped out are very differently related to

the ventricles of the brain, and also to the parts which lie above the thalanms.

The lateral area, which includes the anterior extremity of the thalamus, forms a

part of the floor of the lateral ventricle. It is covered with ependyma, overlapped

by the chorioid plexus of this ventricle, and lies immediately subjacent to the

corpus callosum. Along the line of the groove the epithelial lining of the lateral

ventricle is reflected over the chorioid plexus of this cavity. The medial area,

which includes the posterior end of the thalamus, intervenes between the lateral

and third ventricles of the brain, and takes no part in the formation of the walls

of either. It is covered by a fold of pia mater, termed the tela cliorioidea of the

third ventricle, above which is the fornix, and these two structures intervene

between the thalamus and the corpus callosum.

The anterior extremity of the thalamus, called the tuberculum anterius thalami,

forms a marked bulging. It projects into the lateral ventricle, behind and to the

lateral side of the free portion of the column of the fornix. The foramen

interventriculare, a narrow aperture of communication between the lateral and
third ventricles of the brain, is bounded in front by the column of the fornix and
behind by the anterior tubercle of the thalamus.

The posterior extremity of the thalamus is very prominent and forms a cushion

-

like projection, which overhangs the brachia of the corpora quadrigemina. This

prominence is called the pulvinar. Another oval bulging on the posterior part of

the thalamus receives the name of the corpus geniculatum laterals. It is situated

below, and to the lateral side of, the pulvinar, and presents a very intimate connexion

with the optic tract.

The medial surfaces of the two thalami are placed close together, and are

covered not only by the lining ependyma of the third ventricle, but also by a

moderately thick layer of gray matter, continuous below with the central gray

substance which surrounds the aquseductus cerebri in the mesencephalon. A band
of gray matter, termed the massa intermedia, crosses the third ventricle and joins

the medial surfaces of the two thalami together.

Intimate Structure and Connexions of the Thalamus.—The upper surface

of the thalamus is covered by the stratimi zonale, a thin coating of white

fibres derived to some extent from the optic tract, and probably also from the

optic radiation. The medial surface has a thick coating of central gray matter,

whilst intervening between the internal capsule and the lateral surface is the lamina

medullaris externa. The lower surface merges into the hypothalamus.

The gray matter of the thalamus is marked off into three very apparent parts

—termed the anterior, the medial, and the lateral thalamic nuclei—by a thin

vertical sheet of white matter, continuous with the stratum zonale, termed the

lamina medullaris interna. The lateral nucleus (nucleus lateralis thalami) is by far

the largest of the three. It is placed between the medial and the lateral

medullary laminre, and it stretches backwards beyond the medial nucleus, and thus

includes the whole of the pulvinar (Fig. 541). The medial nucleus (nucleus medialis

thalami) reaches only as far back as the habenular region. It is placed between

the central gray matter of the third ventricle and the internal medullary lamina.

The lateral nucleus is more extensively pervaded by fibres than the medial nucleus.

40 a
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From the lateral nucleus by far the greatest number of the fibres which form the

radiatio thalami pass, and these are seen crossing it in various directions towards
the lamina medullaris externa. The anterior nucleus (nucleus anterior thalami) is

the smallest of the three thalamic nuclei. It forms the prominent anterior tubercle,

and is prolonged in a wedge-shaped manner, for a short distance, downwards and
backwards between the anterior parts of the medial and lateral nuclei. The internal

medullary lamina splits into two parts and partially encloses the anterior nucleus.

In connexion with its large cells a very conspicuous bundle of fibres, the fasciculus

thalamomamillaris, comes to an end. [As this bundle arises in the corpus

mamillare, it ought to be called " fasciculus mamillo-thalamicus."]

A diffuse gray mass, imperfectly marked off from tke inferior surface of tke lateral nucleus,

receives tlie name of the ventral nucleus. Its inferior part is composed of tke central nucleus of

Luys and the nucleus arcuatus. In section the former appears as a circular mass of gray matter,
which comes into view immediately behind the point where the internal medullary lamina
dLsappeare. It woidd seem to be intimately connected with fibres which reach it from the red
nucleus and from the posterior commissure. These fibres pass round it so as to mark it off from
the rest of the thalamus, and in front of the nucleus many of them enter the internal medullary
lamina. The nucleus arcuatus is a small semilunar mass of gray matter placed below and to the

lateral side of the central nucleus of Luys.

The connexions of the thalamus are of an extremely intricate kind. It would
appear to be a ganglionic mass interposed between the tegmental corticipetal tracts

and the cerebral cortex. In its posterior part, and through its stratum zonale, it also

has important connexions with the optic tract. The corticipetal tegmental tracts,

which enter it from below, will be noticed in connexion with the hypothalamic
region. Sufl&ce it to say, for the

present, that these fibres end in the

midst of the thalamus in connexion
with the thalamic cells. In addition

to these, enormous numbers of fibres,

arising within the thalamus as the

axons of its cells, stream out from its

lateral and inferior surfaces to form
the thalamic radiation. These
thalamo-cortical fibres pass to every

part of the cortex ; and although

there is no separation of them into

distinct groups as they leave the

thalamus, it is customary to regard

them as constituting a frontal stalk,

a parietal stalk, an occipital stalls:,

and a ventral stalk. But fibres from
the cortex, cortico -thalamic fibres,

likewise stream into the thalamus
in large numbers, and end in fine

^^ arborisations around its cells. A
double connexion with the cerebral

cortex is thus established by the

thalamus.

? LIMB
INTVCAPSULf

TEMPORO-PONTINE
TRACT

Fio.

LOBE.

540.—ScHE-MA. Founded on the observations of

Flechsig, and Ferrier and Turner.

The frontal stalk of the thalamic
radiation emerges from the anterior part
of the lateral surface of the thalamus and
passes througli the anterior limb of the

internal capsule, to reach the cortex of the
frontal ]ol:)e. Many of these fibres end in

the caudate and lentiforni nuclei, between
which they proceed. The parietal stalk issues from the lateral surface of the thalamus, and,
pa.s.sing through the internal capsule (and to some extent, also, through the lentiform nucleus
and the external capsule), gains the cortex of the posterior part of the frontal lobe and of tlie

parietal lobe. The occipital stalk emerges from the lateral aspect of the pulvinar and constitutes
the so-called optic radiation. These fibres sweep laterally and backwarcfs round the lateral side
of the posterior horn of the lateral ventricle to gain the cortex of the occijjital lobe. The
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ventral stalk streams out from the under aspect of the anterior part of the thalamus, in front

of the hypothalamic tegmental region and the corpus mamijlare. Its fibres arise in both the
medial and lateral nuclei, and sweep dowuwanls and laterally to reach the region below the
lentiform nucleus. One very distinct band which lies dorsal to the other fibres (ansa lenticu-
laris) comes from the lentiform nucleus to the thuLimus, whilst the remainder (ansa pedlincularis)
proceed in a lateral direction from the thalamus below the lentiform nucleus and gain the cortex

of the temporal lobe and of the insula.

Flechsig divides the thalamo-cortical fibres of ordinary sensation into three sensory systems.
These he has been able to distinguish by studying the onler in which they assume their sheaths
of mvelin in the foetus and infant.

terrier and Turner, by the degenerative method of investigation, corroborate Flechsig's

results. They confirm the observation of Flechsig that, while thalamic fibres are distributed to

the several regions of the cerebral cortex to an almost equal extent, there is one district, viz., the
frontal pole, to which the supply is scantv. Another very important result has been obtained
by these authors. - They have established the fact that many of the thalamic fibres cross the
median j)lane in the corpus callosum, and thus gain the cortex of the opposite cerebral

hemisphere. Hamilton's crossed callosal tract thus receives confirmation.

Intimate Structure of the Corpus Geniculatum Laterale.—Sections through the
lateral geuiculate liody reveal the fact that it is composed of a series of alternately

placed gray and
white curved
laminae. This
gives it a very

characteristic ap-

pearance. The
white lamina? are

composed of fibres

which enter the

body from the
optic tract. The
connexions of the

geniculate bodies

will be studied

with the optic

tract.

Hypothala-
mic Region.

—

The tegmental
part of the pedun-
culus cerebri is

prolonged up-
wardsandassumes
a position below

the posterior part

of the thalamus.

The red nucleus is

a conspicuous ob-

ject in sections

through the lower

part of this region

(Fie. 541). It presents the same appearance as lower down in the mesen-

cephalon, and, gradually diminishing, it disappears before the level of the corpus

mamillare is reached. Carried up around it are the same longitudinal tracts

of fibres which have been studied in relation to it in the tegmental part of the

mesencephalon. Certain of these fibres, placed in immediate relation to the red

nucleus, form a coating or capsule for it. This coating is partly derived from

those fibres of the brachium conjunctivum which pass directly up into the thalamus

and also partly from fibres which issue from tiie nucleus itself. The medial

lemniscus also, which in the superior part of the mesencephalon is observed to take

up a position on the lateral and dorsal aspect of the red nucleus, maintains a similar

position in the hypothalamic region. When the red nucleus comes to an end these

various fibres are continued onwards and form, in the position previously occupied

40 &
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by the nucleus, a very evident and dense mass of fibres. The fibres of the medial

lemniscus, of the brachium conjunctivum, and of the red nucleus are prolonged

upwards into the ventral part of the thalamus, where they end in connexion with

the thalamic cells (ventro-lateral nucleus).

The substantia nigra is likewise carried into the hypothalamic region, where

it maintains its original position on the dorsal aspect of the basis pedunculi.

As it is traced upwards, it is seen gradually to diminish in amount. It shrinks

from the medial to the lateral side, and finally disappears when the posterior part

of the corpus mamillare is reached.

In frontal sections through the hypothalamic region, the most conspicuous object

which comes into view is the nucleus hypothalamicus or the nucleus of Luys (Fig. 541).

It is a small mass of gray matter, shaped like a biconvex lens, which makes its appear-

ance on the dorsal aspect of the basis pedunculi immediately to the lateral side of

the substantia nigra. At first it lies in an angle which is formed by the meeting

of the cerebral peduncle and the internal capsule; but, rapidly enlarging in a

medial direction, it takes the place of the diminishing substantia nigra on the dorsal

surface of the basis pedunculi at the level of the inferior part of the corpus mamillare.

The nucleus hypothalamicus is rendered all the more evident by the fact that it is

sharply defined by a thin capsule of white fibres. On its medial aspect these fibres

proceed medially and form a very evident decussation across the median plane in the

floor of the third ventricle, immediately above the posterior ends of the corpora

mamillaria.

The nucleus hypothalamicus, in the fresh condition, presents a brownish colour,

partly from the fact that its cells are pigmented, and partly also on account of

the numerous capillary blood-vessels which pervade its substance.

Corpus Pineale.—This is a small, dark, reddish body, about the size of a cherry-

stone and shaped after the fashion of a fir-cone. Placed between the posterior

ends of the two thalami, it occupies the depression on the dorsal aspect of the

mesencephalon, which intervenes between the two superior coUiculi. Its base,

which is directed upwards, is attached by a hollow stalk or peduncle. This

stalk is separated into a dorsal and a ventral part by the prolongation back-

wards into it of a small pointed recess of the cavity of the third ventricle. The

dorsal part of the stalk curves laterally and forwards, and, on each thalamus,

becomes continuous with the taenia thalami ; the ventral part is folded round a

narrow but conspicuous cord-like band of white matter, which crosses the median

plane immediately below the base of the pineal body and receives the name of the

posterior commissure of the cerebrum (Fig. 519, p. 585).

The pineal body is not composed of nervous elements. Tbe only nerves in its midst are the

sympathetic -filaments -which enter it, -with, its blood-vessels. It is composed of spherical and
tubular follicles, filled with epithelial cells, and containing a variable amount of gritty, calcareous

matter.

The pineal body is a rudimentary structure, but in certain vertebrates it attains a much
higher degree of development than in man. In the lamprey, lizard, etc., it is present in the

form of the so-called pineal eye. In structure it resembles, in these animals, an invertebrate eye,

and it possesses a long stalk, in -which nerve-fibres are developed. Further, it is carried through

an aperture in the cranial wall, and consequently lies close to the surface on the dorsum of the

head between the parietal bones.

Trigonum Habenulse.—The small, triangular, depressed area which receives

this name is placed immediately in front of the superior colliculus in the interval

between the peduncle of the pineal body and the posterior end of the thalamus

(Fig. 539, p. 610). It marks the position of an important collection of nerve-cells,

which constitute the ganglion habenulae. The axons of these cells are collected on

the ventral aspect of the ganglion into a bundle, called the fasciculus retroflexus,

which takes a curved course downwards and forwards in the tegmentum of the

mesencephalon. The fasciculus retroflexus lies close to the medial side of the

red nucleus, and finally comes to an end in a group of cells termed the ganglion

interpedunculare, situated in the inferior part of the substantia perforata posterior

(see p. 591).

The ganglion habenulse is likewise intimately connected with the stria medullares

(taenia thalami) and the dorsal part of the stalk of the pineal body.
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• As previously stated, the stria medullaris

—

a very evident band of white

matter—lies on the thalamus, subjacent to the ependymal ridge termed the ttenia

thalami. When traced Ijackwards, many of the fibres of the stria medullaris

are observed to end amongst the cells of tlie ganglion habcnuhe, whilst others are

continued past the ganglion to enter the; peduncle of the pineal body, and, through
it, to reach the ganglion habenuhe of the opposite side, in connexion with the cells

of w^hich they terminate. The stria medullaris, therefore, ends partly in the

ganglion habenuhe of their own side and partly in the corresponding ganglion of the

opposite side. The decussation of tibres across the median plane forms the dorsal

part of the pineal stalk or peduncle, and is termed the commissura habenularum.

When the stria medullaris is traced in the opposite direction, it is noticed

to split into dorsal and ventral parts near the colunm of the fornix. TJie dorsal

part arises from cells in the hippocampus : these fibres pass into the fornix and
when they reach its column they turn abruptly backwards to enter the stria

medullaris. The ventral part springs from a collection of cells in the gray matter
on the base of the brain close to the optic chiasma. The striie medullares are

believed to form a part of the olfactory apparatus.

Commissura Posterior.—The posterior commissure is a slender band of white

matter, which crosses the median plane under cover of the stalk of the pineal body
and overlies the entrance of the aqueduct of the brain into the third ventricle. The
fibres which enter into the formation of the posterior conmiissure are believed to

arise in a special nucleus, which is placed in the central gray matter immediately
above the oculo-motor nucleus. They decussate with each other across the median
plane and thus the commissure is formed. The other connexions of this little

band are not satisfactorily established, but Held believes that some of its ventral

fibres pass downwards into the medial longitudinal bundle.

Substantia Perforata Posterior.—This has already been described on p. 542.

Some delicate bands of white matter, termed the taenia pontis, may frequently be
seen emerging from the gray matter of this region ; they then curve round the

pedunculus cerebri in close relation to the superior border of the pons, with which
they enter the cerebellum to end in the nucleus dentatus (Horsley).

Corpora Mamillaria.—The corpora mamillaria are two round white bodies,

each about the size of a pea, which lie side by side in the interpeduncular fossa on

the base of the brain, immediately in front of the substantia perforata posterior.

Each corpus mamillare is coated on the outside by white matter derived

from the column of the fornix, and contains, in its interior, a composite gray

nucleus with numerous nerve-cells. Several important strands of fibres are con-

nected with the corpus mamillare: (1) The column of the fornix curves down-
wards in the side wall of the third ventricle to reach the corpus mamillare,

and their fibres end amidst the cells of that body. (2) A bundle of fibres, the

fasciculus mamillo-thalamicus, takes origin in the midst of each corpus mamillare

and extends upwards into the thalamus, to end in fine arborisations around the

large cells in the anterior thalamic nucleus. (3) Another bundle of fibres, the

pedunculus corporis mamillaris, takes form within the corpus mamillare and extends

downwards in the gray matter of the floor of the third ventricle, to reach the

tegmentum of the mesencephalon. These tracts, together with the strise medullares

(thalami) and the fasciculi retrofiexi, are amongst the most ancient fibre-systems in

the brain. They represent the paths by which olfactory impulses may reach the

brain-stem, and perhaps the spinal medulla also, and so influence the muscles of

the body.

Tuber Cinereum and Infundibulum.—The tuber cinereum is a small, slightly

prominent field of gray matter, which occupies the anterior part of the inter-

peduncular fossa between the corpora mamillaria behind and the optic chiasma

in front. From its anterior part the infundibulum, or stalk of the hypophysis,

projects downwards and connects the hypophysis with the base of the brain. In its

upper part the infundibulum is hollow, a small, funnel-shaped diverticulum of the

cavity of the third ventricle being prolonged downwards into it.

Hypophysis (O.T. Pituitary Body).—This is a small oval structure, flattened

from above downwards, and with its long axis directed transversely, which

40 c
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occupies the fossa hypophyseos in the floor of the cranium. It is composed of two
lobes—a large anterior lobe and a smaller posterior lobe, which are closely applied

the one to the other. The in-

fundibulum, which extends down-
wards from the tuber cinereum,

is attached to the posterior lobe.

Foramen inter-

\'entriculare

Anterior
commissure

Tliird ventricle

Corpus
mamillare

Optic nerve

Infundibulum

Hypopliysis

The infundibulum and posterior

lobe of the hypophysis are developed
in the form of a hollow diverticulum,

which grows downwards from the

floor of that part of the embryonic
brain which afterwards forms the

third ventricle. The original cavity

of this diverticulum becomes ob-

literated, except in the superior part

of the infundibulum. In structure,

the posterior lobe of the hypophysis

shows little trace of its origin from
the wall of the brain -tube. It is

chiefly composed of connective tissue

and blood-vessels, with branched cells

scattered throughout it.

The anterior lobe has quite a

different origin, and may be regarded

as the functional part of the hypophysis. It is derived from a tubular diverticulum

which grows upwards from the primitive buccal cavity or stomodseum. Its connexion

with the latter (canalis craniopharyngeus) is in the course of time cut off, and the

diverticulum becomes encased within the cranial cavity in intimate association with the

cerebral portion of the organ. Structurally, it consists of tubules or alveoli, lined with

epithelial cells and surrounded by capillary vessels. Its structure is in some respects

not unlike that of the parathyreoid

bodies. In the disease known as

acromegaly, the hypophysis is usually

greatly enlarged.

Fig. 542.

—

Median Section through the Hypophtseal
Region in a Child Twelve Months old.

(From a photograph by Professor Symington.)

Foramen inter-

ventriculareLamina Terminalis.—This is

a thin, delicate lamina which may
be seen on the basal aspect of the

brain, stretching from the upper

aspect of the optic chiasma in an
upward direction to become con-

nected with the anterior end of the

corpus callosum.

Anterior Commissure of the

Cerebrum.—In the anterior part

of the cleft between the two
thalami, and immediately in front

of the columns of the fornix, a

round bundle of fibres crosses the

median plane. This is the anterior

commissure.

Ventriculus Tertius. — The
third ventricle is the narrow cleft

which separates the two thalami.

Its depth rapidly increases from
behind forwards, and it may be said to extend from the pineal body behind to the

lamina terminalis in front. Hb floor is formed by the tuber cinereum and the

corpora mamillaria : the gray matter of the substantia perforata posterior, and
the tegmenta of the cerebral peduncles may also be looked upon as forming part

of the floor (Figs. 542 and 543). It is interesting to note that the central gray

Anterior commissure

Third ventricle

Corpus mamillare

Subarachnoid tissue

in cisterna basalis

Infundibulum

Hypophysis

Posterior part of
subarachnoid space

Basilar part of the
occipital bone

Sphenoidal sinus

Fig. 54:j.—Median Section through the IIvi'oi'hyseal

Region in the Adult.
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matter which surrounds the aqueduct is directly continuous with the gray matter

of the substantia perforata posterior and tuber cinereum, and in this way it comes
to the surface in the base of the brain. The optic chiasma crosses the floor in front

and marks tlie place where the latter becomes continuous with the anterior wall

of the cavity. The anterior wall of the third ventricle is formed by the lamina

terminalis, which extends upwards from the optic chiasma. The anteri(jr com-
missure, as it crosses from one side to the other, projects into the ventricle, but, of

course, it is excluded from the cavity by the ventricular epithelial lining. It may
be taken as indicating the place where the roof joins the anterior wall. The roof

of the third ventricle is formed by a thin epithelial layer which stretches across the

median plane from one taenia thalami to the other, and is part of the thin epithelial

lining of the Gravity. Applied to the superior surface of the epithelial roof

Foramen interventriculare

Laiiiiiiu cuiniiiissunj' liipjiocaniiii at the attach- I

luent of th<- epithelial roof of thiril ventricle i

Corpus callosum ,' j

Colunina fornicis \ I ;

Septum pelluciduni

Anterior commissure
Rostrum corporis callosi

Qenu corporis callosi

Epithelial roof of third ventricle

Lamina commissuni- hippocumj)i

: Tienia thalami
i \ Vena cerebri intenia

S

I i Plexus chorioideus ventriculi tertii

I '. 1 ! Commissuni liabenul.e

\ , \
HecHssus suprapinealis

Pineal body
Splonium corporis callosi
", l.niniiia (luadri^emina
->/. A. lurductus cerebri

na inapia cerebri

Velum medullare anterius

/ Lobulus centralis cerebelli
' Culmen cerebelli

Fissura prima cerebelli

/ ^Fourth ventricle
Attachment of

^•'epithelial roof

Infundibulun

Hypophysis

Massa intenurdia . .

Sulcus hypothalamicus ,' ! •

Corpus mamillare / /
Oculomotor nerve / ,

Posterior commissure ,'

Tegmentum (meseiicephali)
.

Pon

Decussation of pyramid

Pyramis
cerebelli

Ivula cerebelli

-,' Tonsil la cerebelli

Edge of apertura medialis

Chorioid plexus of fourth ventricle

(the i)ointing line {lasses through
ihe apertura me<lialis)

Fig. 544.

—

The Parts of the Brain cut through in a Median Sagittal Section.

The side walls of the ventricular cavities are al.so shown.

i.s the fold of pia mater, termed the tela chorioidea, and the roof is invaginated

into the cavity along its whole length by two delicate chorioid plexuses, which

hang down from the under surface of this fold. When the pia mater is removed

the thin epitheUal roof is torn away with it, leaving only the lines of attach-

ment in the shape of the taenia thalami (Fig. 549).

The side wall of the third ventricle is formed for the greater part of its

extent by the medial surface of the thalamus, covered by a thick layer of central

gray matter continuous with the central gray matter of the mesencephalon. A
little in front of the middle of the ventricle the ca^^ty is often crossed by the

massa intermedia, which connects the thalami one with the other, and in front of

this the colunina fornicis is seen curving downwards and backwards in the side

wall. At first the bulging which it forms is distinctly prominent, but it gradu-

ally subsides as the strand, on its way to end in the corpus mamillare, becomes

more and more sunk in the gray matter on the side of the ventricle.
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The third ventricle coimnunicates with both of the lateral ventricles, and also

with the fourth ventricle. The aquseductus cerebri, the narrow channel which
tunnels the mesencephalon, brings it into communication with the fourth ventricle.

The opening of this aqueduct is placed at the posterior part of the floor of the third

ventricle, immediately below the posterior commissure. The foramina inter-

ventricularia bring it into communication with the lateral ventricles. These

apertures are placed at the upper and anterior parts of the side walls, and lead

laterally and slightly upwards between the most prominent parts of the columns

of the fornix and the anterior tubercles of the thalami. They are just large

enough to admit a crow-quill, and through these passages the epithelial lining of

the three ventricles becomes continuous. From the foramen a distinct groove on

--OPTIC RECESS

INFUNDIBULAR
RECESS

Fig. 54.'>.

—

Phofilk View of a Cast of the Ventricles of the Bkain (from Retzius).

This figure faces in the direction opposite to that of Fig. 544.

R.SP. Recessus siiprapinealis.

R. P. Recessus piuealis.

A.S. Aquffiductus cerebri.

F.M. Foramen interveutriculare.

the side wall of the ventricle leads backwards towards the mouth of the

aqueduct. It is termed the sulcus hypothalamicus, and is of interest, inasmuch as

it is considered by His to represent in the adult brain the furrow which divides

the side wall of the embryonic brain-tube into an alar and a basal lamina.

The outline of the third ventricle, when viewed from the side in a median section

through the brain (Fig. 544), or as it is exhibited in a plaster cast of the ventricular system

of the brain (Fig. o45), is seen to be very irregular. It presents several diverticula or

recesses. Thus, in the anterior part of the floor there is a fiumel-shaped pit or recess, leading-

down through the tuber cinereum into the infundibulum of the hypophysis. Another

recess, the recesnus ojjticus, leads forwards immediately in front of this, above the optic

chiasma. Posteriorly two diverticula are present. One, the recessus pinealis, passes back-

wards above the posterior commissure and the mouth of the aqutcductus cei'ebri for a

short distance into the stalk of the pineal body. The second is placed above this and is

carried backwards for a greater distance. It is a diverticulum of the epithelial roof, and,

therefore, is difficult to demonstrate. It is termed the recessus suprapinealis.
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Cerebral Connexions of the Optic Tract.

The optic nerve is counected with the hypothalamus. At the optic

chiasma the optic nerves of the two sides are joined togetlier and a partial

decussation of fibres takes place. The fibres which arise in the medial half of each

retina cross the median plane and join the optic tract of the opposite side. The
optic tract proceeds backwards round the cerebral peduncle, and in tlie neighbour-

hood of the geniculate bodies appears to divide into two roots, viz., a lateral and

a medial (Fig. 546), but only the former is really part of the tract.

Commissure of Gudden.—The so-called medial root disappears under cover of

Tuberculiiiii ult'actorinni

Olfactory tract
Optic tract

I
;

Substantia perforat'i anterior | j /

stria olfactoria lateralis ui)On anterior | ; i
,'

part of piriform area 1 ', :

Nucleus amygtlaUe (cut surface) [
I

',
;

I'iriform area (cut surface) '

! !
' '

Linien insuhi

Optic nerve
Optic chiasma
i Infundibulum

/ Corpus inamillare
/ I Substantia perfoniUi posiennr

/ / / Oculomotor nerve

Internal capsule

lilerior

ansverse
Miporal

Optic radiation / /
' ; • ',

Stria terminalis / / ,' ,' •

Caudate nucleus /
; .' ',

Lateral geniculate body / / ;

Brachiutn coUiculi superioris ,' ;

Tlialamus (pulvinar) 1

Medial geniculate body
Basis pedunculi cerehr

/ Optic radiation

Caudate nucleus

Stria terminalis
lladiatio tlialanio-temitoralis (acoustic
radiation) passing from the medial
geniculate body into the anterior
transverse temi)oral gyrus

Red nucleus Substantia nigra

Fig. 546.

—

The Ventkal Aspect of Part of the Prosexcephalon, showing the Right Optic Tract.
The mesencephalon has been cut across. Olfactory area, dull yellow ; optic fibres, blue ; motor fibres,

red ; acoustic fibres, bright yellow.

the medial geniculate body and a large proportion of its fibres arise or end in

this nuclear body. The medial root, although it is composed of fibres which
are intermingled with those of the optic tract, has nothing to do with the

optic nerve. These fibres, when traced forwards, cross the median plane in

the posterior angle of the optic chiasma and are carried backwards alongside the

opposite optic tract. The fibres constitute a bond of union, called the commissure
of Gudden, between the medial geniculate body of one side and the coUiculus inferior

of the other (Fig. 547).

The Optic Tract.—The optic tract is composed of fibres which come—(1) from
the lateral half of the retina of its own side ; and (2) from the medial half of the

retina of the opposite side, which have crossed the median plane in the optic

chiasma. But in addition to the afferent retinal fibres there are a certain number
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of efferent fibres in the optic tract—fibres which take their origin in the brain

and end in the retina. These are distinguished from the afferent retinal fibres by

their exceeding fineness.

The fibres of the optic tract end in the superior colliculus, in the lateral

geniculate body, and in the pulvinar of the thalamus (Fig. 546). The fibres to the

superior colliculus reach it through the superior brachium (p. 586), and for the most

part sink into its substance to end in terminal arborisations around its cells. The
corpus geniculatum laterals receives the largest contribution of fibres from the

optic tract. These partly sink into its interior and partly spread out over its

surface. The former enter into the construction of the curved lamellae of white

matter which traverse this nuclear mass, and to a large extent end in the gray

matter which intervenes between these lamellae. The deep fibres which are not

exhausted in this way proceed onwards through the lateral geniculate body and

enter the pulvinar. Of the superficial fibres which spread over the surface of the

lateral geniculate body some dip into its substance and end there, but the majority

are carried over it and enter the stratum zonale of the pulvinar. Most of the fibres

of the optic tract, which end in the pul-

vinar, therefore reach their destination by
passing either over or through the lateral

geniculate body.

Cortical Connexions of the Optic
Path.—The superior colliculus, the lateral

geniculate body, and the pulvinar consti-

tute the lower visual centres or terminal

nuclei of the optic tract. The higher

visual centre is placed in the cortex of

the occipital region of the cerebral hemi-

sphere, and the connexions between this

and the lower centres are established by a

large strand of fibres which runs in the

central white matter of the posterior part

of the cerebral hemisphere, and which con-

stitutes the optic radiation. The optic

radiation is composed both of corticipetal

and corticifugal fibres. The former arise

as the axons of the cells in the lateral

geniculate body and the pulvinar, around
which the retinal fibres end, and they

terminate in the cortex of the occipital

lobe. The corticifugal fibres take origin in

the cortex of the occipital lobe and end in

the pulvinar and superior quadrigeminal

body (Ferrier and Turner). Thus consti-

tuted, the optic radiation forms a con-

spicuous strand (Figs. 546, p. 619; 552,

p. 624 ; 567, p. 638), which, reaching the

retrolenticular part of the internal capsule,

sweeps backwards into the occipital lobe

of the cerebral hemisphere on the lateral side of the posterior horn of the lateral

ventricle. Its connexions will be studied more fully at a later stage.

'< i_00

Fig. .547.

—

Diagram of the Central Connexions
OF THE Optic Nerve and Optic Tract.

THE PARTS DERIVED FROM THE TELENCEPHALON.

Ceeebral Hemispheres.

The cerebral hemispheres form the largest part of the fully developed brain.

When viewed from above they form an ovoid mass, the broadest end of which is

directed backwards, and the longest transverse diameter of which will be found in
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the viiinity of the parts which lie subjacent to the parietal tuberosities of the

cranium. The massive rounded character of the anterior or frontal end of each
cerebral hemisphere constitutes a leading human characteristic ; but the posterior or

occipital end is narrow and pointed, and is directed somewhat downwards. The
two cerebral hemispheres are separated from each other by a deep median cleft,

termed the longitudinal fissure.

The cerebral hemisphere is formed from a small area of the extreme anterior

end of the alar lamina, in

the angle between the fure- ^—^ ^ ^

most part of the roof and
the upper end of the lamina
terminalis (Fig. 548, L),

which becomes continuous

with the roof (at the point

marked X).

The rapid expansion of

this area leads to the

development of a lateral

buWing containing; a diver-

ticulum of the third ven-

tricle, which is known as

the ventriculus lateralis.

This at first communicates
with the third ventricle by
means of a wide opening

(F.M.), the foramen inter-

ventriciilare [Monroi], cor-

responding in size to the

extent of the area of the

side wall that was bulged

outwards to form the hemi-

sphere vesicle. The thin

epithelial roof of the telen-

cephalon takes no share in

the formation of the two
cerebral hemispheres, but
serves with the lamina ter-

minalis (L) as a bond of

union between them. At
a somewhat later stage in

development two folds be-

come invaginated from this

epithelial roof in the whole
extent of the prosen-
cephalon, both its teleu-

cephalic and diencephalic parts.

Fig. 548.—Two Drawings of the Embryonic Brain (by His).

A, Reconstruction of the fore-brain and mid-brain of His's embryo KO;
profile view. B, Same brain as A, divided along the median plane

and viewed upon its inner aspect.

Mamillary eminence ; Tc, Tuber cinereum ; Hi>, Hypophysis
(hypophyseal diverticulum from buccal cavity) ; Opt, Optic stalk

;

TH, Thalamus ; Tg, Tegmental part of mesencephalon ; Ps, Pars

hypolhalaniica ; Cs, Corpus striatum ; FM, Foramen iuterventrieu-

lare ; L, Lamina terminalis ; RO, Recessus opticus ; Ri, Recessus

infuudibuli, Met, Metathalanms.

M

In the greater part of their length these

folds project into the third ventricle, and form its chorioid plexus (Fig. 549)

;

but the anterior parts of the two chorioidal folds, namely, those parts formed
from the roof of the interventricular foramina (F.M.), become greatly enlarged

and project each into the corresponding lateral ventricle. The furrow cor-

responding to this invagination of the roof is called the fissura chorioidea.

When the hemisphere vesicle first begins to expand, the thinner part of the

hemisphere wall, which is called the pallium, is freely continuous around the

vertical caudal margin of the foramen interventriculare (Fig. 548, Y) with the

thalamus (TH).
But as development proceeds the wall of the prosencephalon becomes attenuated

along the line of this pallio- thalamic junction, and eventually the edge of the

pallium fringing this attachment to the thalamus becomes reduced to a thin layer

of epithelium which is continuous at its superior end with the lamina chorioidea of
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the roof. Into this secondarily formed caudal extension of the chorioid lamina the

invagination that commenced in the roof of the foramen interventriculare extends

until it reaches the inferior extremity of the deep cleft separating the cerebral

hemisphere from the thalamus (Fig. 548, A). Below this point the thalamus
remains in uninterrupted continuity with the floor of the cerebral hemisphere (Cs),

which is becoming thickened to form the corpus striatum.

At a very early stage in the development of the embryo, long before there is any
sign of the hemisphere vesicles, the ectoderm upon each side of the anterior neuro-

pore (see p. 500) becomes
,-- Fissura chorioidea. thickcncd to form the area

olfactoria (see Fig. 440, D, p.

501). Certain of the epithelial

cells in this area become con-

verted into bipolar sensory cells,

which become specially adapted

to be affected byicertain kinds of

air-borne chemical stimuli that

awaken a consciousness of smell.

These cells always remain in situ

in the olfactory epithelium, just

as the most primitive sensory

cells do in Hydra (Fig. 439, p.

497). But other nerve - cells

seem to be derived from the

area olfactoria which do not

remain in the parent epithelium,

but become attached to the adjoining part of the neural tube. These cells form
the olfactory ganglion, which acts as the receptive organ for the impressions brought
into it by the processes of the sensory cells in the olfactory epithehum; and the

Pallium.

-Venhriculus lareralis.

_ Lamina chorioidea
ventriculi laferalis.

^^IpS-.V^-Foramen inherventriculare.

Lamina chorioidea
ven^^iculi herrii.

- Corpus sl"riat"um.

—Irrr/-Third venlricle.

Floor plare.

Fig. 549.

—

Diagram of a Transverse Section through a
FtETAL Brain to show the Invagination of the Roof
through each Interventricular Foramen.

TEftMINALIS
POPHYSEAL DIVERTICULUM

Fig. 550.—Two Drawings by His, illustrati.vg the Development of the Human Brain.

A, Median section through a foetal human brain in the third month of development.
B, Schema showing tlie directions in which tlie cerebral hemisphere expands during its growth

P.M.H. Pars maniillaris hypothalami. M. Mamillary region. 0. Occipital lobe.
P.O.H. Pars optica hypotlialami. F. Frontal lobe. T. Temporal lobe.

P. Parietal lobe.

area of the neural tube to which it becomes attached is destined to become part of
the cerebral hemisphere. At the end of the first month this portion of the hemi-
sphere becomes drawn out as a hollow protrusion, the distal end of which is

coated with a layer of olfactory ganglion and is known as the bulbus olfactorius

;

the rest forms a peduncle. In the course of its subsequent development in the
human brain (though not in those of most mammals) the cavity in the bulb and
peduncle becomes completely obliterated. Tlie peduncle becomes so greatly
elongated and attenuated that, to the unaided eye, it appears to be wholly formed
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of white nerve-fibres passing to and fro between the olfactory bulb and the

hemisphere ; hence it is called the tractus olfactorius.

Tlie cerebral licmisphere first appears in the form of a slight bulging upon each

side of the fore-brain, but it soon assumes large dimensions. At first it grows

forwards and upwards (Kig. 550), and a distinct cleft, the fioor of which is the

roof-plate and lamina terniinalis, appears between the two hemispheres: this is known
as th<'- fissura longitudinalis cerebri. The separation of the two cerebral vesicles

by the longitudinal fissure begins at the end of the first month. This fissure

becomes occupied by mesodermic tissue, which later on forms the falx cerebri.

The cerebral hemisphere, in its further growth, is carried progressively backwards

over the posterior parts of the developing brain. At the end of the third mouth it

has covered the thalamus. A month later it reaches the corpora quadrigemina,

and by the seventh mouth it has not only covered these, but also the entire upper

surface of the cerebellum.

In the earlier stages of its development the cerebral hemisphere is a thin-walled

vesicle with a relatively large cavity, which represents the primitive condition of

the lateral ventricle. At first the vesicle is bean-shaped and the cavity is curved.

As development proceeds the posterior portion of the hemisphere grows backwards

over the cerebellum in the shape of a hollow protrusion, and a distinct occipital

lobe enclosing the posterior horn of the lateral ventricle is the result. This

developmental stage begins a])Out the fourth month.

The Connexions of the Olfactory Nerves.

The olfactory nerves are the axons of the spindle-shaped bipolar cells situated

in the olfactory mucous membrane (Fig. 551). These

axons collect in the submucous layer to form small

bundles, which enter the cranial cavity through the

foramina in the lamina cribrosa of the ethmoid

bone. They at once enter the inferior surface of

the bulbus olfactorius, and each fibre breaks up into

a tuft of terminal filaments. Towards these tufts

dendrites proceed from large mitral cells placed in a

deeper plane within the bulb, and each dendrite also

breaks up into numerous terminal branches inter-

twined with those of the olfactory nerves. In this

way are formed a large number of globular bodies,

each consisting of the arborescent terminations of

a mitral dendrite and of certain olfactory nerve-

fibres. These are the olfactory glomeruli of the bulb.

Each mitral cell gives off several dendrites and one
axon. Only one dendrite enters into the formation

of a glomerulus, but several nerve- fibres may be

connected with such a body. It thus happens that,

through its dendrite, a mitral cell may stand in

connexion with several olfactory nerve-fibres. The
axon ot the mitral cell passes upwards to the white

matter of the bulb, enters this, and, bending back-

wards, is conducted through the tract towards the

cerebral cortex.

The olfactory bulb is a small, flattened, elliptical mass of gray substance placed

upon the upper surface of the lamina cribrosa of the ethmoid. Its posterior

extremity is attached to the rest of the cerebral hemisphere by the long tractus

olfactorius (Fig. 476), a prismatic band of white substance placed in a furrow

(siUcus olfactorius) on the under surface of the frontal region of the cerebral

hemisphere. A short distance in front of the optic chiasma each olfactory tract

becomes inserted into the hemisphere (Fig. 552). The swollen pyramidal-shaped

OLFACTOnv MUCOUS
|l'r '

'
! 'I MCMBRANC

Fig. 551.

—

Diagram of the Mixitk
Strdctufe of the Olfactory Bulb.
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attached end of the peduncle is called the trigonum olfactorium. Immediately
behind the trigone a small obliquely placed ovoid area of gray matter, the

tuberculum olfactorium, can sometimes be detected in the human brain ; but in the

brains of most mammals with a greater development of the organs of smell this

swollen area is much more prominent and constant. In most human brains,

however, it is diiiicult to distinguish it from a much more extensive area, which is

situated behind it and to its lateral side, and is named the substantia perforata

anterior (Fig. 552). Along the anterior margin of this perforated substance there

can sometimes be detected a small, rounded, rope-like strand of gray matter, the

medial end of which passes into the trigonum olfactorium. This is the anterior

TubRrculniii olfactorium
Olfactory tract I

Optic tract | J

Substantia perforata anterior I

stria olfactoria lateralis upon anterior
j ',

part of piriform area I ',

Nucleus amygdalie (cut surface)
]

Piriform area (cut surface)
]

{

Limen insulw I

Optic nerve
Optic chiasma
I Infundibulum

i'
/ Corpus mamillare
/ Substantia perforata posterior

j j ;
Oculomotor nerve

/ / •' /' Internal capsule

Optic radiation ; /

Stria terminalis / ,'
.'

;' ;
'; ',

Caudate nucleus .'

; ;'
',

;
1

Lateral geniculate body i
; ;

; 1

Brachium collieuli superioriB [ \
\

\

Thalamus (pulvinar) \
;

';

Medial geniculate body 'i

Basis jjedunculi cerelni ',

Red nucleus

/ / Optic lauiatioii

/ / Caudate nucleus

/ Stria terminalis
Radiatio tlialamo-temporalis (acoustic
radiation) passing from the medial
geniculate body into the anterior
transverse temporal gyrus

Substantia nigra
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part of the area piriformis—the stalk of the pear-shaped lobe—and upon its surface

is placed a very well-defined narrow band of nerve-fibres, the stria olfactoria

lateralis, which is composed of axons of mitral cells (in the olfactory bulb) pro-

ceeding to the piriform area. Even when the anterior part of the piriform area

is not distinguishable, the stria lateralis is always a prominent feature.

The piriform area extends transversely laterally in tlie deep valley between
the orbital and temporal regions of the hemisphere (fossa cerebri lateralis)

;

becoming slightly broader, and reaching what is known as the insula (of which it

forms the limen insulae), it becomes sharply bent upon itself (Figs. 552, and 553, C).

It then passes medially and backwards, and emerges from the fossa as a broad

area upon the under surface of the temporal region (Fig. 553, C). This' greatly

expanded caudal extremity of the pear is the area piriformis in the strict sense

of the term.
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If tlie braiu of almost any otlier mammal is examined (take the rabbit's as

an example), the area piriformis will be f(jund to constitute relatively an enormously

larger proportion of the cerel)ral liemiKphere than it does in the human bruin
;

and it is separated from tlie i>art (if the li(;iiiis]ihi'r(! (neopallium) that lies above

it by a longitudinal furrow called the fissura rhinalis. The enormous expansion

of the neopallium in the human brain accentuates the flexure of the piriform

area at the point x (Fig. 553), and at the point y the exuberant growth of

neopallium relegates the swollen posterior part of the piriform area on to the

medial surface (Fig. 554), where the posterior part of the rhinal fissure persists to

separate it from tlie neopalHum.

The surface of the piriform area often presents numerous small wart -like
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A, The lateral aspect of the left cerebral hemisphere of a rabl)it. B, Tlie inferior aspect of the right half of

a rabbit's brain. C, The corresponding view of a human foetal brain at the fifth month.

Olfactory areas, greeu ; neopallium, blue.

excrescences ; and it is whitened by a thin layer of fibres (substantia reticularis

alba) prolonged backwards from the stria olfactoria lateralis. By tliese fibres

olfactory impulses are poured directly from the mitral cells of the bulb into the

piriform area. If we call the olfactory nerves the primary olfactory neurones, tlie

fibres which pass from the bulb to the piriform area would then be secondary

olfactory neurones.

Formatio Hippocampalis.—From all parts of the area piriformis, as well as

the trigonum and tuberculum olfactorium, fibres arise (tertiary olfactory neurones),

and proceed on to the medial aspect of the hemisphere, where they terminate in

the edge of the pallium, alongside the lamina chorioidea. In the human braiu the

vast majority of these tertiary neurones proceed from the posterior extremity of

the piriform area, but a certain number arise in the neighbourhood of the

substantia perforata anterior and proceed at once on to the medial surface of the

hemisphere. The large number of small nerve-cells that collect in the medial

edge of the palUum become specially modified in structure to form a receptive

organ for impressions of smell, known as the fascia dentata ; and the axons of

these cells pass into the part of the pallium which immediately surrounds the

peripheral edge of the fascia dentata and is known as the hippocampus (Fig. 556).

41
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In the hippocampus impressions of smell are brought into relation with those of

other senses (probably taste) ; and from the hippocainpal cells fibres are emitted

to form a system known as the fornix, which establishes connexions with the

hippocampus of the other hemisphere and with the hypothalamus, thalamus, and
more distant parts of the brain.

The rudiment of the hippocampal formation that develops on the medial surface

begins in front, alongside the place where the stalk of the olfactory peduncle (which

becomes the trigonum olfactorium) is inserted ; it passes upwards to the superior

end of the lamina terminahs, from the rest of which it is separated by a triangular

mass of gray matter called the corpus paraterminale (Fig. 555) ; and then it proceeds

backwards, fringing the fissura chorioidea in the whole of its extent, ending below

in the temporal region alongside the posterior part of the area piriformis. The
anterior part of this great hippocampal fringe of the pallium does not attain its full

developinent in the human brain and remains as a more or less vestigial aborted
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Medial Aspect of the PiIGHT Cehebral Hemisphere, with the Olfactory Parts coloured.

structure ; but the posterior part undergoes a peculiar transformation. The tertiary

olfactory neurones, coming mainly from the posterior part of the area piriformis, enter

the margin of the hippocampal formation, and the small cells which receive these

incoming fibres multiply rapidly during the third month, and arrange themselves

in a densely packed row of granules, which represent the distinctive feature of the

fascia dentata (Fig. 556). At first this cell-column is continuous at its peripheral

margin with a much more loosely packed column of larger and less numerous cells,

which represent the hippocampus ; and these in turn give place to the more
diffusely arranged and laminated cells of the typical cortex cerebri, which we call

the neopallium. As development proceeds both the dentate and hippocampal
columns of cells rapidly increase in length, and both appear to push their way
towards the ventricle (Fig. 556, B) into the substance of the wall, which becomes
correspondingly thickened. The ventricular swelling thus formed is the hippo-

campus; and it is important to recognise that this swelling is not produced by
any invagination of the surface, such as is usually described under the name of the
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Fiml)ria liippocainpi

Corpus callosnm-^

Anterior commissure -

Parateriniual body '

Lamina terminalis

/ -^ry. , Fascia dentata

fissura hippocampi. Thtrt is n6 fissura hippocampi in the human brain. What i.s

usually described under this name is an artificial cleft made by pushing the

handle of a scalpel into the hippocampal formation at the edge of the exposed

part of the fascia dentata (Fig. 556, B and 0, at a;) and separating the morpho-

logical surface of the hip])0campu8 from that of the buried part of the fascia

dentata. Cleavage readily occurs along this line becau.se there are numerous

nerve-fibres, hii)pocampal and dentate respectively, upon each side of it.

As development proceeds a break occurs in the cell-column at the junction

of its hippocampal and dentate parts, and the two columns (Fig. 556, C) become

partially interlocked.

The axons of the liippo-

campal cells collect upon
its ventricular surface to

form the alveus, the fibres

of which converge towards

the margin of the fascia mppocampai commissure-

dentata, where they bend
into the longitudinal direc-

tion (i.e. parallel to the

edge of the pallium and
the lamina chorioidea) to

form a prominent white

marginal fringe, the fimbria.

The fibres of the fimbria

pass upwards and forwards

(Fig. 555), and ultimately

reach the upper end of the lamina terminalis, which provides a bridge to

conduct a certain number of them across the median plane into the fornix or
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Diagrams representing three Stages in the Develoi'ment of the HirrocAMPAi,

Formation.

fimbria of the other hemisphere, so as to link together in functional associa-

tion the two hippocampi. These crossing fibres are known as the commissura

hippocampi.

Most of the fibres that go up in the fimbria from the hippocampus do

not pass into the hippocampal commissure, but bend downwards in the anterior

lip of the foramen interveutriculare to enter the thalamic region. They are

collected into a vertical rounded column, which is called the columna fomicis

;

when it reaches the hypothalamus it bends backward to end in the corpus

mamillare.

The olfactory bulb and tract, the area piriformis, tuberculum olfactorium,

corpus paraterminale, and the formatio hippocampalis together form a part of

the hemisphere, which is concerned mainly with the function of smell. Hence

they may be grouped together as the rhinencephalon ; but this term has been used

in so many different ways that it is of doubtful utility.
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In the lowest vertebrates the whole hemisphere is practically rhinencephalon.
Nevertheless, fibres coming from other parts of the nervous system and conveying
impressions from other sense organs than those of smell make their way into the
cerebral hemisphere and influence the state of its activities. In other words, the
hemisphere is primarily an olfactory receptive nucleus, but is also the place where
impressions of smell are brought under the modifying influences of other sensory
impressions before they make their effects manifest in behaviour.

But it is only in the most highly organised types of brain, more especially

those of mammals and birds, that the non-olfactory senses acquire a representation
in the hemisphere which is relatively independent of, or at any rate not wholly
subservient to, the influence of the sense of smell. In the mammalian brain a
definite area of pallium is set apart to receive impressions of the tactile, visual,

acoustic, and other senses. This area is the neopallium. In the human brain it

has grown to such an extent that it forms almost the whole of the hemispheres

—

a mass far greater than the whole of the rest of the central nervous system.

THE CEREBRAL COMMISSURES AND THE SEPTUM PELLUCIDUM.

We have seen that certain fibres from the hippocampi cross from one hemisphere
to the other, using the upper part of the lamina terminalis as a bridge across the

median plane. But at an earlier stage of development other fibres can be detected

at a slightly lower level in the lamina terminalis forming a bundle, of oval outline

in sagittal section, called the commissura anterior. Its fibres come from the
olfactory bulb, area piriformis, tuberculum olfactorium, and a small temporal area

of neopallium. If the composition of the hippocampal commissure is analysed
in a foetus of the third month, it will be found that there are intermingled with
the truly hippocampal fibres some which come from the neopallium. During the
fourth month the bulk of the neopallial element in this dorsal commissure
outgrows the hippocampal element. The latter fibres become crowded into the

postero-inferior corner of the commissure and the neopallial fibres come to form a
flattened transverse bridge—the corpus callosum—above them. These fibres are en-

closed in a neuroglial matrix derived from the lamina terminalis and the adjoining

paraterminal bodies. Some nerve-cells also may make their way into this matrix.

As it elongates, the corpus callosum pushes its way forwards in the upper part of

the paraterminal body of each hemisphere, and as development proceeds a small area

of this body becomes almost completely circumscribed by the corpus callosum and
commissura hippocampi. As these commissural bands increase in size this small

circumscribed patch of paraterminal body becomes greatly stretched and ex-

panded to form a thin translucent leaf. The two leaves thus formed in the medial
walls of the two hemispheres are known as the septum pellucidum ; and the narrow
cleft that separates them the one from the other in the median plane is called the

cavum septi pellucidi.

There is still an element of uncertainty concerning the precise manner in which
these changes are brought about, and especially as to the precise mode of closure

of the cavum septi. As the cerebral hemisphere expands, some parts of it grow
forwards, others upwards, and others again backwards. Such growth in each

part will naturally tend to exert traction upon its commissural fibres that pass

through the corpus callosum. Hence the anterior part of this great commissure
becomes drawn forwards, its posterior part backwards, and the greater intermediate

part upwards, so that it comes to assume the form shown in Fig. 557, C.

As the posterior part of the corpus callosum pushes its way backwards, it exerts

traction upon the fibres of the hippocampal commissure and their matrix, which
becomes enormously stretched so as to form a thin lamella (the floor of the cavum
septi) stretching from a point just above the anterior commissure to the under
surface of the swollen yjosterior end of the corpus callosum, which is called the

splenium (Fig. 558). The hippocampal commissural fibres are scattered through-

out this lamella. The backward growth of the splenium also thrusts back the
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upper end of the hijjpocaiupal Ibrination so that it becomes removed far from the

lamina terminalis. The lihrcs of the fimbria which are prolonged forwards under

tlic corpus callosum and septum pellucidum to bridi^^e this great gap form the cms

fomicis on each side. As a rule in the human adult brain the crura fornicis of the

two hemispheres become crowded together at the median plane so as to obscure

the connecting lamella which serves as a matrix for the commissura hipijocampi

(Fig. 557, C) ; but the true arrangement can be seen in the brains of foetuses of

the sixth, seventh, and eighth months, and is at once revealed in the adult if

the corpus callosum is raised up by an accumulation of fluid in the lati-ral

ventricles (hydrocephalus), so as to put a strain upon the septum pelhicidum.

The mass formed by the crura fornicis and theiv commissure is called the corpus

fornicis.

The fascia dentata appears as a notched band behind and below the fimbria

;

its upper end passes on to the under surface of the splenium of the corpus

callosum, where it tapers and ends (fasciola cinerea) ; but as it dwindles the upper

end of the hippocampus emerges upon the surface }»elow and behind it and passes

into a tliin film of gray matter—indusium griseum—which is prolonged on to the

upper surface of the corpus callosum. It proceeds forwards, becoming as a rule still

^stiqes oF the supracallosal

hippocampus

RjLraberminal

body

B

Vestiges oF the supracallosal
^ hippocampus

Septum pellucidum

Olfactory bulb

Vestiqes of the precallosai

hippocampusiippc

Fig. 557.

—

Three Stages in the Development of the Corpus Callosum.

more attenuated, and after surrounding the anterior end (genu) of the corpus

callosum it passes downwards towards the trigonum olfactorium along the line that

separates the corpus paraterminale from the neopallium. The indusium represents

the atrophied remains of the anterior part of the hippocampal arc of the foetal brain

(Fig. 555), from which the fascia dentata has entirely disappeared. It is accom-
panied by longitudinal fibres homologous to the fornix system : in other words, the

fornix fibres of the atrophied supracallosal hippocampus ; they form the striae

longitudinales of the corpus callosum (Fig. 558 ; Fig. 564, p. 635 ; Fig. 559,

p. 631).

The inferior (or anterior) extremity of the fascia dentata dips into a deep furrow,

around which the area piriformis is bent in a hook-like manner (uncus) ; in this

it becomes considerably reduced in diameter and then emerges (at right angles

to its previous direction) to form Giacomini's " banderella," which we may call

the cauda fasciae dentatae. Behind this the inferior end of the hippocampus
comes to the surface, but is turned inside out, hip2)oca7npus inversus. Just in

front of the upper ending of the cauda fasciae dentatae a little knob of solid gray

matter appears upon the surface, surrounded ])y area piriformis. It is the nucleus

amygdalae (Fig. 558).

Corpus Callosum.—The corpus callosum is the great transverse commissure
which passes between the two cerebral hemispheres. It is placed nearer the

anterior than the posterior aspect of the brain, and it unites the medial sur-

faces of the hemispheres throughout very nearly a half of their antero-posterior
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length. The corpus callosum is highly arched from before backwards, and
presents a convex superior surface and a concave inferior surface when viewed from
the side (Fig. 558).

The superior surface of the corpus callosum forms the bottom of the longi-

tudinal fissure, and on each side of this it is covered by the gyrus cinguli. Only
in its posterior part is it approached by the falx cerebri ; in front, this process of

dura mater falls considerably short of it. The superior surface of the corpus callosum

is covered by a thin layer of indusium continuous at the bottom of the sulcus

corporis callosi with the gray cortex on the surface of the hemisphere. In this there

are embedded, on each side of the median plane, two delicate longitudinal bands

of fibres, called respectively the stria longitudinalis medialis and lateralis. The
stria longitudinalis medialis is the more strongly marked of the two, and it is

separated from its fellow of the opposite side by a faint median furrow. The
stria longitudinalis lateralis is placed farther out, under cover of the gyrus
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The Medial Aspect of the Right Cerebral Hemisphere.

cinguli. The thin coating of gray matter, with the two striae, represents^ the

aborted remains of the hippocampus (see p. 627). So thin is this gray coating that

the transverse direction pursued by the callosal fibres proper can be easily perceived

through it.

The two extremities of the corpus callosum are much thickened, whilst the

intermediate part or body is considerably thinner. The massive posterior end,

which is full and rounded, lies over the mesencephalon and extends backwards as

far as the highest point of the cerebellum. It is called the splenium, and it consists

of a superior and inlerior part. The latter is bent forwards under the upper part,

to the inferior surface of which it is closely applied. The anterior end of the corpus

callosum is not quite so massive, and it is folded downwards and backwards on

itself. It is termed the genu. The recurved inferior part of the genu is separated

from the part of the corpus callosum which lies above, by an interval. It rapidly

thins as it passes backwards and receives the name of the rostrum. The fine

terminal edge of the rostrum becomes connected by means of a band of neuroglial I
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tissue with the luiuinu teriuiualis on the untero-superior aspect of tlie anterior

commissure (Fig. 558).

The inferior surface of the corpus callosum, on each side of the median plane, is

coated with ependyma (Fig. -^64, p. 635), and forms the roof of the anterior horn
and the central part of the lateral ventricle. In the median plane, however, it is

attaclied to subjacent parts, viz., to the septum pellucidum in front and directly

or indirectly (Fig. 564) to the body of the fornix behind (Fig. 558, p. 630).

The transverse fibres of the corpus callosum, as they enter the white medullary
centre of the cerel)ral hemisphere, separate from each other so as to reach most parts

of the cerebral cortex. These diverging fil)res are termed the radiatio corporis
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The Corpus Callosum, exposed from above and the right half dissected,

to show the course taken by its fibres.

The lateral longitudinal stria (which lies near the cingulum) is not shown.

callosi, and they intersect those which form the corona radiata or, in other

words, the fibres which extend between the internal capsule and the cerebral

cortex (Figs. 570, p. 640, and 576, p. 649). The more anterior of the fibres which
compose the genu of the corpus callosum sweep forwards in a series of curves into

the anterior frontal region of the hemisphere. A large part of the splenium,

forming a solid bundle termed the occipital part of the radiation of the corpus

callosum (O.T. forceps major), bends suddenly and abruptly backwards into the

occipital lobe (Fig. 559). Fibres from the body and superior part of the splenium,

curving round the lateral ventricle, form a very definite stratum, called the

tapetum. This is a thin layer in the medullary centre of the hemisphere, which
constitutes the immediate roof and lateral wall of the posterior horn and the

lateral wall of the posterior part of the inlerior horn of the lateral ventricle
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In frontal sections through the occipital and posterior temporal regions the tapetum
stands out very distinctly (Fig, 559, p. 631 ; see also Figs. 565, p. 636, and 567,

p. 638).

Septum Pellucidum.—The septum pellucidum is a thin vertical partition which
intervenes between the two lateral ventricles. It is triangular in shape, and
posteriorly it is prolonged backwards for a variable distance between the body of

the corpus callosum and the fornix, to both of which it is attached. In front it

occupies the gap behind the genu of the corpus callosum, whilst below, in

the narrow interval between the posterior edge of the rostrum of the corpus

callosum and the fornix, it is prolonged downwards in the paraterminal body
towards the base of the brain. The septum pellucidum is composed of two
thin laminte in apposition with each other in the median plane (Fig. 562 ; Fig.

564, p. 635).

Cavum Septi Pellucidi.—This name is applied to the median cleft between the

Sulcus cinguli

Gyrus cinguli
j Paracentral area

Commissura foniicis

Corpus foniicis

Corpus callosiiiii

Septum pellucid 11 11

1

Sulcus cintruli

Paracentral sulcus
Sulcus centralis

Hippocampal rudiment

Incisura sulci cinguli

Gyrus frontalis superior

Lamina chorioidea

Foramen
interventricular

'Sulcus precunei

Preecuneus

..Sulcus svxbparietalis

Fossa parieto-

bccipitalis

-sulcus paramedians

- Vrea striata

Sulcus
sagittalis cunei

Sulcus
retrocalcarinus

Area striata

Olfactory bulb
Corpus i)araterminalfc' /

Colunina fornicis / /
Olfactory tract /

Stria olfactoiia lateralis /'

Nucleus amygdate
Piriform area

Thalamus (cut surfaci^
Rhinal lissure

Cauda fascia; dentatfe
Hippocampus Fimbria

\ \ \ \ Sulcus polaris inferior

\ \ ^ Sulcus calcarinus

\ \ Sulcus sagittalis gyri lingualis

; I Sulcus coUateralis
1 Hij^pocampus
Splenium of corpus callosum

Fascia dentata

j
(jrus fornicis

Gyrus paradentatus

Fig. .o60.—The Medial Aspect ok the Rioht Half of the Brain exposed by a Median Sagittal Section.

two laminae of the septum pellucidum. It varies greatly in size in different

brains.

Ventriculus Lateralis.

The cavity in the interior of the cerebral hemisphere is called the lateral

ventricle. It is lined throughout by ependyma continuous with the ependymal

lining of the third ventricle. In some places the walls of the cavity are in

apposition, whilst in other localities spaces of varying capacity, and containing

cerebro-spinal Huid, are left between the bounding walls.

The lateral ventricle communicates with the tliird ventricle of the brain by
means 'of a small foramen, just large enough to admit a crow-quill, which is

termed the foramen interventriculare. This aperture is placed in front of the

anterior end of the thalamus and behind the column of the fornix.

The highly-irregular shape of the lateral ventricle can be best understood by the
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study of a cast of its interior

(Figs. 561 and 545, p. 618).

It is usual to describe it as

being composed of a body and
three horns, viz. an anterior, a

posterior, and an inferior liorn.

The cornu anterius is tliat part

of the cavity which lies in

front of the interventricular

loranicn. Tlie body or pars

centralis is the portion of the

ventricle which extends from

the interventricular foramen
to the splenium of the corpus

callosuni. At this point the

posterior and inferior horns

diverge from the posterior

part of the body. The cornu

posterius curves backwards and
medially into the occipital

lobe. It is very variable in

its length and capacity : the

chief reason for this variability

is that adhesions between the

walls of this part of the ven-

tricle are of common occur-

rence. The cornu inferius

proceeds with a bold sweep
round the posterior end of the Fig. 561.—Drawing taken from a Cast of the Ventricllar

thalamus, and then tunnels in System ok the brain, as seen from above. (After Retzius.)

a forward and medial direction Vent. Iir. Thud ventricle. Vent. IV. Fourth ventricle,

through the temporal lobe ^•^^- Recessus suprapinealis.

towards the tem-
poral pole.

The early
foetal lateral ven-

tricle is very
capacious and
presents an
arched or semi*

lunar form. It is

composed of parts

which correspond

to the anterior

horn, the central

part and the in-

ferior horn, and
there is little gr

no demarcation

between them.

The posterior
horn is a later

production. It

comes into exist-

ence as a diver-

ticulum or elon-

gated pouch,
which grows

Longitudinal
fissure

Corpus callosuni

Lateral ventricle

Column of fornix,

Chorioid plexus.

Foramen inter-

ventriculare

Septum pelluciduni

Caudate nucleu

Internal capsule

Nucleus lentifornii

Claustrum •

Fig. 562.

—

Frontal Section through the Cerebral Hemispheres so as to cut

through the anterior horns of the lateral ventricles, through which the central

part of the ventricles, the columns of the fornix, and the interventricular

foramina can be seen.
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backwards from the superior and posterior part (i.e. the convexity) of the primitive

cavity.

Cornu Anterius.—The anterior horn forms the foremost part of the cavity, and

extends in a forward and lateral direction in the frontal lobe. "When seen in

frontal section (Fig. 562) it presents a triangular outline, the floor sloping upwards

and laterally to meet the roof at an acute angle. It is bounded in front by the

posterior surface of the genu of the corpus callosum
;
the roof also is formed by the

Corpus callosum
turned to the left side

Corpus callosum

Cavuin septi pellucidi Foramen interventriculare

\ : t Caudate nucleus

;

Thalamus
-- ^T'-'-^^i-

Chorioid plexus
Septum pellucidum

stria terminalis

Trigonum collateral

Hippocampus

Fimbria

Occipital part of the radiation of the corpus callosum

Calcar avis

Bulb of the cornu

Hippocampus
Crus of the fornix

Body of the fornix

Fig. 563.—Dissection, to show the fornix and lateral ventricles ; the body of the corpus callosiim

Ihas been turned over to the left.

corpus caUosum. The medial wall, which is vertical, is formed by the septum

pellucidum ; whilst the sloping floor presents a marked elevation or bulging,

viz., the smooth, rounded, and prominent extremity of the pear-shaped caudate

nucleus. •

• ^ j v f v,

Pars Centralis.—The central part or body of the cavity is likewise roofed by tne

corpus callosum. On the medial side it is bounded by the posterior part 'Ot the

septum pellucidum which attaches the fornix to the inferior surface of the corpus

callosum. On the lateral side it is closed, as in the case of the anterior hom, by tne

meeting of the floor and the roof of the cavity. On the floor a number of important



THE LATERAL VENTRICLE. 635

objects may be recognised. From the lateral to the medial side these are met

in the following order: (1) the caudate nucleus; (2) a groove which extends

obliquely from before backwards and laterally betw»'en the caudate nucleus

and the thalamus, in which are placed the vena terminalis and a white band

called the stria terminalis
; (3) a portion of the superior surface of the thalamus

;

(4) the chorioid plexus; (5) the thin, sharp edge of the fornix (Fig. 5G4).

The caudate nucleus narrows rapidly as it proceeds backwards on the lateral part

of the floor of the lateral ventricle. The vena terminalis (O.T. vein of the corpus

striatum) is covered over by eptaidyma. It joins the vena cerebri interna close to

the foramen interventriculare. The connexions of the stria terminalis will be dealt

with later. The portion of the superior surface of the thalamus which appears

in the floor of the ventricle is in great part hidden by the chorioid plexus, which

lies upon it. The lamina chorioidea is an epithelial fringe which is attached to

the sharp edge of the fornix superiorly and after surrounding a rich vascular

fold of pia mater becomes fixed to the superior surface of the thalamus.

The vascular fold is the chorioid plexus. In front it is continuous, in the inter-

ventricular foramen, with the corresponding chorioid plexus of the third ventricle

(Fig. 560), whilst behind, it is carried into the inferior horn of the ventricle.

Although the chorioid plexus has all the appearance of lying free within the

ventricle, it must be borne in mind that it is invested by the epithelial

Gyrus cin,:.'iili Indusiiirn Stri.i lniit:itiiciiiialis medialis

Cominissura hippopampi | I

•' ^^Civuui st-pti pellucidi

/ ,^ ,^Septum pellueidum

Corpus callosum z~

Nucleus caudatus-

•Ventriculus lateralis

-Crus foriiicis

Plexus chorioideus
lateralis

StrLi terniinali.s

Tela chorioidea'

'

^^^I^^^Hl ^^<tB|^^HHP^^^^ 'Attachment of lamina chorioidea

Thalamus (free surface)

Thalamus '/ , "isenia thalanii
Plexus chorioideus vent, torlii Ventriculus tertius

Fig, 564.

—

Diagram of Transvekse Section across the Central Parts of

THE Lateral Ventricles.

chorioidal lamina which represents a portion of the hemisphere wall and excludes

it from the cavity.

Cornu Posterius.—The posterior horn is an elongated diverticulum carried

backwards into the occipital lobe from the posterior end of the ventricle. It tapers

to a point and describes a gentle curve, the convexity of which is directed

laterally. The roof and lateral wall of this portion of the ventricular cavity are

formed by the tapetum of the corpus callosum. In frontal sections through the

occipital lobe this is seen as a thin but distinct layer of white fibres, which lies

immediately lateral to the ependyma and to the medial side of a much larger

strand of fibres in the medullary substance of the occipital lobe, viz., the optic

radiation.

On the medial wall two elongated curved elevations may be observed. The
uppermost of these is termed the bulb of the cornu (bulbus cornu postenons), and is

produced by the fibres of the radiation of the corpus callosum as they curve

abruptly backwards from the lower part of the splenium of the corpus callosum into

the occipital lobe. Below this is the elevation known as the calcar. It varies

greatly in size in different brains, and is caused by an infolding of the ventricular

wall in correspondence with the anterior part of the calcarine sulcus on the

exterior of the hemisphere. It may come into contact with and adhere to the

lateral wall of the ventricle in a part or even the whole of its extent.

Cornu Inferius.—The inferior horn is the continuation of the ca\aty into the

temporal region. At first directed backwards and laterally, the inferior horn

suddenly sinks downwards behind the thalamus into the temporal region, in the
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centre of which it takes a curved course forwards and medially to a point about an
inch behind the extremity of the temporal pole.

In the angle between the diverging posterior and desceudmg horns the cavity

of the ventricle presents an expansion of a somewhat triangular shape. To this

the name of trigonum collaterale is sometimes given.

The roof of the inferior horn is formed for the most part by the tapetum of

the corpus callosum. At the extremity of the horn the roof presents a bulging

into the cavity. This is produced by a collection of gray matter termed the

amygdaloid nucleus. The stria terminalis and the attenuated tail of the caudate

nucleus are both prolonged into the inferior horn and are carried forwards, in

its roof, to the amygdaloid nucleus.

On the floor of the inferior horn the following structures are seen: (1)

hippocampus
; (2) the chorioid plexus

; (3) the fimbria ; and (4) the eminentia

collateralis.

The hippocampus is for the most part covered by the chorioid plexus of the

lateral ventricle. If this is detached a fissure appears between the fimbria and the

roof of the ventricular horn. This is the chorioid fissure. It appears at a very

Splenium of corpus callosum

Bulb of the posterior cornu .' Bulb of the posterior eomu

Fig. 565.-

1 ibres of corpus callosum (tape-

tum)
Optic radiations

Inferior occipi to-frontal fasciculus.

-Frontal Section through the Posterior Horns of the Lateral Ventricles,

VIEWED from the FRONT.

early date in the development of the cerebral hemisphere, and takes an arcuate

course round the posterior end of the thalamus. In the region of the pars

centralis of the lateral ventricle it extends as far forwards as the foramen inter-

ventriculare and is formed by the involution of- an epithelial part of the wall of

the ventricle over the chorioid plexus (p. 622). In the region of the inferior horn,

when the chorioid plexus, with the involuted epithelial layer which covers it, is

withdrawn, the chorioid fissure is converted into an artificial gap which leads

directly into this part of the ventricular cavity.

The chorioid plexus is a convoluted system of blood-vessels in connexion with a

fold of pia mater, which is prolonged into the inferior horn of the lateral

ventricle. It lies on the surface of the hippocampus and is continuous, behind
the yjosterior part of the thalamus, with the chorioid plexus in the pars centralis

of the lateral ventricle. But it must not be supposed that the chorioid plexus lies

free in the ventricular cavity. It is clothed in tlie most intimate manner by an
epithelial layer, which represents the medial wall of the inferior horn involuted

into the cavity over the chorioid plexus. The ventricle, therefore, opens on the

surface only through the chorioid fissure when this thin epithelial layer is torn

away by the withdrawal of the chorioid plexus. From the above, it will be under-
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stood that the arcmito chorioid fissure, throughout its whole

the interventricular foramen to the extremity of the inf«n'inr I

ventricle), is formed by the

involution of the roof and a

portion of the wall of the

liemisi»here whicli remains

epithelial. In the central

part of the ventricle this layer

is attached, on the one hand,

to the sharp margin of the

fornix, and on the other to

the superior surface of the

thalannis ; in tiie inferior horn

it is attached, in like manner,
to the edge of the fimbria hip-

pocampi or cru8 of the fornix,

whilst, above, it joins the roof

of this portion of the ventricle

along the line of the stria

terminalis (Fig. 564).

The eminentia collateralis

shows very great dit'l'ereuces

in its degree of development.

The trigonum collaterale is

a smooth elevation in the floor

of the ventricle, in the interval

which is left between the

calcar avis and the hippo-

campus as they diverge one

from the other.

length (viz., from
lorn of the lateral

J
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The nucleus lentiformis lies ou the lateral side of the caudate nucleus and

thalamus, and is for the most part embedded within the white medullary sub-

stance of the cerebral hemis}>here. It does not extend either so far forwards or

so far backwards as the caudate nucleus. Indeed, it presents a very close corre-

spondence in point of extent with the insula on the surface. When seen in hori-

zontal section, it presents a shape similar to that of a biconvex lens. Its medial

surface bulges
more than the
lateral surface, and
its point of highest

convexity is placed

opposite the stria

terminalis and the

interval between

the caudate nuc-

leus and the thala-

mus. In frontal

section the appear-

ance presented by
the lentiform nuc-

leus differs very

much in different

planes of section.

Fig. 568 represents

a section through

its anterior por-

tion. Here it is

semilunar or cres-

centic in outline

and is directly

continuous below

with the head of

the caudate nuc-

leus ; above, also,

it is intimately

connected with the

caudate nucleus

by bands of gray

matter, which pass

between the two
nuclei and break

up the white
matter of the an-

terior part of the

intervening in-

ternal capsule. It

is due to the ribbed

or Vjarred appearance, which is presented by such a section as this, that the term

corpus striatum is applied to the two nuclei. In the region of the substantia

perforata anterior both nucjlei reach the surface and become continuous with the

cortex.

When a section is made in a plane further back {e.g. immediately posterior to

the anterior commissure, as in Fig. 569) the divided lentiform nucleus assumes an

altogether different shape, and is seen to be completely cut off from the caudate

nucleus by the internal capsule. It is now triangular or wedge-shaped. Its lase

is turned towards the insula and is in direct relation to a thin lamina of white

matter, termed the external capsule. Its medial surface is oblique and is applied

to the internal capsule, whilst its inferior surface is horizontal and is directed

downwards towards the base of the brain. But, further, two white laminae, the

Genu of coi'ijus callosum

Anterior hora of lateral

ventricle

Caudate nucleus

Anterior limb of internal
capsule

Cavum septi pellucidi

Genu of internal capsule

Columns of fornix

Globus pallidus (of

nucleus lentiformis)

Fasciculus mamillo-
thalatnicus

Posterior limb of internal
capsule

Thalamus

Retrolenticular part of

internal capsule

Hippocampus

Splenium

Chorioid plexus

Gyrus cinguli

Oalcarine sulcus

Fig, 567.

—

Horizontal Section through the Right Cerebral Hemisphere
AT the Level of the Widest Part of the Lentiform Nucleus.
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LongituclinnI
llsiiure

CoriJiis callosuii

Lateral ventricle.

Column of fornix.

Chorioid plexus.

Foramen inter-

vent riculare'

Septum pelluciduni

external uiul internal medullary laminae, are now evident, which traverse its sub-
stance iu a vertiail direcliou uiui ilivitlt; it into three masses. The lateral, basjil,

and larger mass is termed the putamen ; the two medial portions together constitute
the globus pallidus.

The putamen lurms much the largest part of the leutiform nucleus. It is

darker in colour than theglolms pallidus, and in this respect resemldes the caudate
nucleus. It is traversed by fine radiating bundles of fibres, which enter it from the
external medul-
lary lamina.
Both ill i)oint of

structure and in

mode of develop-

ment it is closely-

associated with

the caudate nuc-

leus, and it is the

only part of the

lentiform nucleus

which is con-
nected by inter-

vening bands of

gray matter with
the caudate nuc-

leus. The antero-

posterior length,

as well as the

vertical depth of

the putamen, is

much greater
than in the case

of the globus
pallidus ; conse-

quently, in both
frontal and hori-

zontal sections

through the cerebrum it is encountered before the plane of the globus pallidus is

reached.

The external capsule is loosely connected with the lateral surface of the putameu, and it can be
readily stripped off. This accounts for the tendency, exhibited in haemorrhages in this locality,

for the effused blood to spread out in the interval between these structures.

The globus pallidus is composed of the two smaller and medial masses of the

lentiform nucleus. They present a faint yellowish tint, and are paler and more
abundantly traversed by fibres than the putamen. The mass next the putamen
{i.e. the intermediate part) is much larger than the medial subdivision. It extends

forwards to a point a little in front of the plane of the anterior commissure. When
the lentiform nucleus is cut in a frontal direction, and in its widest part, the

medial mass shows an indication of a separation into two parts, so that here the

globus pallidus appears to consist of three subdivisions.

Connexions of the Corpus Striatum.—Recent cHnical iuvestigation has demon-
strated the importauco of the functions of the corpus striatum, which seems to exercise a
" steadying influence " (Kinuier Wilson) upon the muscles which perform voluntary

movements that call for delicate co-ordination. Hence it is desirable to study the

connexions of these large masses of gray matter. Fibres of the internal capsule coming
from the motor cortex (as well as from all other cortical areas) end in the corpus striatum

(Fig. 571), so that when a voluntary movement is initiated this structure is called into

activity. Fibres comini]; from the nucleus caudatus break through the anterior limb of

the internal capsule (Fig. 572), some of them to reach the putamen, others to pass

through the external medullary lamina to the globus pallidus. Other tracts pass from

Fig.

\.
Caudate nucleus

Internal capsule

Nucleus lentiformis

Claustruni

568.

—

Frontal Section throdgh the Cerebral Hemispheres so as to cut

through the anterior part (putamen) of the lentiform nucleus in front of the

glol)us pallidus. Viewed from iu front ; looking through tlie anterior boru into

the central part of the ventricle.
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Fig. 569.

—

Frontal Section through the Cerebrum so as to cut through the three divisions of the

lentiform nucleus
;
posterior surface of the section shown here.

Intersection of corona radiata

and callosal systems of fibres

Corpus callosum

Caudate nucleus —^|j

Fornix

Internal capsule

Ansa lenticularis

Globus pallidus

Optic tract

Anterior commissure

Nucleus amygdalie

bupenor occipito-frontal
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Putamen
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Fio. 570.

—

Frontal Hection through the Left Side of the Cerebrum of. ^an' Orang
(Weigert-Pal specimen).

The section passes through the middle of the lentiform nucleus.
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the lentiform nucleus into the cfiudate nucleus (fibrae lenticulocaudatae). From the
globus pallidus fibres arise which proceed into the internal cajjsnle in the rejrion of the
genu and the neighbouring part

Nucleus
caudatus

The

of the posterior limb (Fig. 572)
Many of these fibres become
collected on the inferior aspect

of the lentiform nucleus, where
they form a transversely directed

bundle (Fig. 570), known as the

ansa lenticularis, which is dis-

tributed to the tiialamus (Fig.

571, fasciculus striothalamicus)

and hypothalannis, the red

nucleus (fasciculus striorubricus)

and siilistantia niger (fasciculus

strionigricus). These connexions

afford some explanation of the

difticulties of articulation and
swallowing and in tlie perform-

ance of delicate voluntary move-
ments that result from damage
to the corpus striatum or to this

system of fibres.

This system of fibres is phylo-

genetically very old, being the

most primitive efferent tract from the cerebral hemisphere

Internal capsule

-Ciaustrum

Globus
pallidus

Red nucleus

Substantia
nigra

Rubrospinal
tract

Fio.

Ansa peduncularis

Nucleus amyadalae
nucleus

71.

—

Diagram of a Fuontal Section to illvsthate the
Fibre Connexions of the Corpus Striatum.

Fibrae corrlcosfnarae
-FaiCiculuS fronroponricus.

. Fibrie
Vi - 'lenHculocaudarae.

f>- Anrerior Thalamic

.< radiarion

inrerrne.

To oculomotor iincloi

To facial, trigeminal, vagal
and hypoglossal nuclei p

Claustrum.—This is a thin plate of gray substauce embedded in the white

matter which intervenes between the lentiform nucleus and the gray cortex of

the insula. Followed in an upward direction, it becomes gradually thinner and
ultimately disappears. As it is traced downwards, however, it thickens consider-

ably, and at the base

of the brain it comes
to the surface at the

anterior perforated

substance and becomes
continuous with the

gray matter of the

cortex. Its extent

corresponds very
closely with the area

occupied by the insula,

and its surface towards

this portion of the

cerebral cortex shows

ridges and depressions

corresponding to the

insular gyri and sulci.

Nucleus Amyg-
dalae.—h\ the anterior

part of the temporal

region, above the piri-

form area a fusiform

mass of gray matter

appears upon the sur-

face (Fig. 558, p. 630),

at the lateral extremity of the substantia perforata anterior (Fig. 584, p. 657). It

is part of a large rounded mass, called the amygdaloid nucleus, which occupies a

position in front of, and to some extent above the extremity of the inferior

horn of the lateral ventricle. The tail of the caudate nucleus joins its inferior part

(Fig. 573, p. 643), whilst above it is carried up into the putamen (Fig. 570).

42

nuclei
|

•To arm J cUmj
wrist

fingers

f l>lp

knee
ankle and foot

Thalaino-cerebral tract to supra-
marglnnl and angular g}-ri

radiation.

-Opfic radiafion.

caudate nucleus

Fig. 572.— DiAaRAM.MATic Representation of the Internal Capsule
(as seen in Horizontal Section).
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Inferioiiy i t is continuous with the graj cortex of the piriform area, to which it is

functionally related, probably in the same way that the major part of the corpus
striatum is associated with the neopallium.

Stria Terminalis.—This is a band of fibres which, for the most part, arise in the
amygdaloid nucleus. From this it runs backwards in the roof of the inferior

horn of the lateral ventricle (Fig. 584, p. 657, and Fig. 573, p. 643), and then
arches upwards and forwards, so as to gain the floor of the pars centralis of the
lateral ventricle. In both situations it lies close to the medial side of the nucleus
caudatus, and finally, at the interventricular foramen, it bends downwards towards
the anterior commissure. Some of its fibres pass in front and others behind the
commissure, and ultimately they end in the neighbourhood of the substantia
perforata anterior (Kolliker).

Internal Capsule.—This term is applied to the broad band of white matter which
intervenes between the lentiform nucleus, on the lateral side, and the thalamus
and caudate nucleus on the medial side. It presents many different appearances,
according to the plane in which the brain is cut. A frontal section through the
brain which passes through the cerebral peduncles shows that, in great part, the
internal capsule is directly continuous with the basal part of the cerebral peduncle
(Fig. 580, p. 652). Viewed from the lateral aspect after removing all else of the
cerebral hemisphere excepting the corpus striatum (Fig. 573), the cut ends of the
fasciculi of the internal capsule form three-fourths of an ellipse, the other fourth
of which is occupied by the bridge of union between the lentiform and caudate
nuclei, the substantia perforata anterior, the amygdaloid nucleus and the anterior

commissure. It may be divided into an anterior (lenticulo-caudate) part, a superior

(lenticulo-thalamic) part, a retrolenticular part (not labelled in the figure), and a
postero-inferior (sublenticular) part. The last three parts are usually grouped
together as the posterior limb. In horizontal section the internal capsule is

observed to be bent upon itself opposite the stria terminalis, or the interval

between the caudate nucleus and the thalamus. This bend, which points medially,

is called the genu. About one-third of the internal capsule lies in front of the
genu, and is termed the anterior Kmb ; the remaining two-thirds, which lie behind
the genu, constitute the posterior limb (Fig. 572).

The anterior limb of the internal capsule intervenes between the lentiform

nucleus and the caudate nucleus. In its inferior and anterior part it is much
broken up by the connecting bands of gray matter which pass between the anterior

part of the putamen and the caudate nucleus.

The anterior limb of the internal capsule is composed largely of corticipetal fibres

belonging to the anterior thalamic radiation. It contains corticifugal fibres also.

The corticipetal fibres arise in the median and anterior part of the lateral nucleus of the

thalamus, and go through the anterior limb of the internal capsule to reach the cortex

of the frontal lobe.

The corticifugal fibres are represented by the fronto-pontine tract.

The fronto-pontine tract arises in the cortex of the frontal region, traverses the

anterior limb of the internal capsule, forms the medial fifth of the basis of the cerebral

peduncle, and finally ends in the nuclei pontis.

The posterior limb of the internal capsule is placed between the thalamus and
the lentiform nucleus, and it extends backwards for a short distance beyond
the posterior end of the putamen on the lateral side of the posterior part of the

thalamus and of the tail of the caudate nucleus. The posterior limb, therefore, is

spoken of as consisting of a lenticular, a retrolenticular, and a sublenticular part.

The lenticular or more properly lenticulo-thalamic part of the posterior limb is com-

posed of both corticipetal and corticifugal fibres. The corticipetal fibres enter the internal

capsule from the lateral aspect of the thalamus, and are composed of fibres which arise

within the thalamus from the ventral (ventro-lateral) nucleus, and proceed upwards to the

cerebral cortex.

The corticifugal fibres consist of tlie cerebro-spinal tract and the cortico-thalamic fibres.

The great motor or cerebro-spinal tract, descending from the cerebral cortex,

occupies the anterior half of the lenticular part of the internal capsule. The fibres, that go
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to the nuclei of the oculomotor, trigeminal, and facial nerves, lie close to the genu, and

behind these are the fibres which go to the hypoglossal nucleus ; still further back are

cerebro-spinal fibres which enter the spinal uiedulla and end around the motor cells of

the anterior column of gray matter. This cerebro-spinal tract has been observed occupying

the middle part of the pedunculus cerebri, into which it passes directly from the intemal

capsule.

According to Monakow the posterior limb contains also an important tract of fibres

passing from the motor cortex to the red nucleus (fasciculus cerebrorubricus).

The retrolenticular part of the posterior limb contains: (1) the fibres of the optic

radiation as they pass from the lateral geniculate body to establish their connexions with
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the occipital cerebral cortex
; (2) the fibres of the acoustic radiation, or those which

connect the medial geniculate body with the acoustic cortical field in the temporal lobe

(Fig. 572, p. 641, and Fig. 578, p. 650) ; (3) the temporo-pontine tract, which is com-

posed of fibres which take origin in the middle and inferior gyri of the temporal

lobe and pass through the sublenticular section of the internal capsule to reach the

lateral part of the pedunculus cerebri. Through this they reach the basilar part of the

pons, in the gray matter of which they end. This tract is accompanied by the fasciculus

temporothalamicus, which has a widespread origin from the temporal and occipital regions

and passes through the sublenticular part of the internal capsule.

If the fibres of the internal capsule are traced upwards they are found to

spread out widely from each other in a radiating or fan-shaped manner, as they
42 a



644 THE NERVOUS SYSTEM.

care followed to the various gyri of the cerebral hemisphere. This arrangement

is termed the corona radiata. The callosal system of fibres, as they proceed into

the hemisphere, also radiate, and they intersect the fibres of the corona radiata

(Fig. 576, p. 649).

External Capsule.—^The thin lamina of white matter between the lateral aspect

of the putamen and the claustrum is called the external capsule. This joins with

the internal capsule in front of and behind the putamen, and in this manner the

nucleus lentiformis is encapsuled by white matter.

INTIMATE STRUCTURE OF THE CEREBRAL HEMISPHERE.

The cerebral hemisphere is composed of an external coating of gray matter,

termed the cortex, spread over an internal mass of white matter, which is called the

medullary centre. The cortex is of peculiar interest, seeing that there is good reason

for believing that in it the higher functions of the brain, or those which may be

classed under the general designation of the intellectual functions, take place. It

is within the same layer of gray matter that the influence of those external impres-

sions, which gain access to the cerebro-spinal axis through the senses, finally take

shape as consciousness ; and in it are placed also the centres which carry on the

psycho-motor functions. The white medullary centre is composed of nerve-fibres

which constitute the paths along which the influence of impressions is carried to

and from the cortex, and from one part of the cortex to another.

THE CEREBRAL CORTEX.

The gray cortex is spread over the entire surface of the cerebral hemisphere, but

it does not form a layer of equal thickness in all localities. At the summit of a

gyrus it is apt to be thicker than at the bottom of a furrow. The maximum
thickness of cortex (about 4 mm.) is attained in the superior parts of the. motor

area, whilst the minimum (about 1"25 mm.) may be observed in the region

of the occipital pole. The amount of gray cortex differs considerably in different

individuals, and appreciably diminishes in old age. It is also stated, but upon
imperfect evidence, that it is relatively more abundant in the male than in the

female. .,

In structure, likewise, marked differences may be noted in the gray cortex of

different regions, and much has been recently done in the direction of pointing out

the connexion of these structural peculiarities with the functional characteristics of

particular areas and applying them to the determination of the significance of the

furrows that subdivide the cerebral cortex into a series of ridges or gyri. This

structural difference is quite apparent to the na,ked eye when sections are made
through the cortex in a fresh brain, and sharp transitions in structure occur at the

place where one area joins another. It is only to those general structural features

which more or less characterise the entire cortical layer that we shall be able to refer.

When sections are made through the fresh brain, and the cut surface is closely

inspected, it will usually be apparent that the cortex is distinctly stratified. On
the outside there is a thin, whitish layer, and beneath this the gray matter presents

two strata of very nearly equal thickness, viz., a middle, gray-coloured stratum and

an inner, yellowish-red stratum. Between the two latter layers a narrow white

band is, in many places, visible. This is termed the outer band of Baillarger. When
the layers indicated above are present, four strata, superimposed one upon the other,

are recognised ; but in certain regions a second white streak traverses the deep or

inner gray layer and divides it iuto further stratifications. This is termed the inner

white band of Baillarger, and, when it is present, the gray cortex becomes divided

obscurely into six alternating white and gray layers.

The outer band of Baillarger is strongly marked in the region behind the

calcarine sulcus and gives a characteristic appearance to this portion of the cortex.

In this locality it receives the name of the stria of Gennari (Fig. 567, p. 638).

White Med\illary Centre of the Cerebral Hemisphere.—The white matter of the
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hemisphere which lies subjacent to the gray cortex is composed of medullated nerve-

fibres, arranged in a very intricate manner. But the arrangement of these^ fibres

cannot be properly understood until the configuration of the surface of the hemi-
sphere has been considered.
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THE NEOPALLIUM.

Fibre-tracts proceed into different districts of the neopaUium from the various

nuclei of the thalamus to serve as the channels through which tactile, visual,

acoustic, and other kinds of sensory impressions are poured into it. These districts

may be regarded as the receptive sensory areas, tactile, visual, acoustic, etc. ; but

around each sensory area there is differentiated a series of more or less concentric

bauds of neopallium, which are related to an incoming sensory path only through the

intermediation of the sensory area which it fringes. Finally, there are interposed

between the sensory area and its fringing bands of one sense and those of

another, certain association areas, which cannot be regarded as the territory of

42 &
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any one sense, but as the place of meeting (and the physical counterpart of the

blending in consciousness) of the impressions of different senses. In the human
brain the neopallium becomes mapped out into a large series (more than forty) of

areas, which differ one from the other in structure and in their connexions, and
presumably therefore in their functions ; and many of these areas may be further

subdivided into a series of less obtrusively differentiated territories (Figs. 553
and 581).

The gray matter of the neopallium is spread over the surface of the white
matter as a thin film (cortex cerebri), which is nowhere more than 4 millimetres,

and may be only 1'25 millimetres thick. In different regions it presents every

gradation of thickness between these two extremes. As the cortex increases in

volume it does so not by any addition to its depth, but solely by an expansion of

its superficial area. Thus it happens that in all larger mammalian brains, as the

cerebral hemisphere expands and there is an increasing disproportion between the

bulk of the hemisphere and the area of its surface, the cortex must become folded

to accommodate itself to the limited area of surface upon which it has to be packed.

But this process of folding does not take place in any haphazard or purely

mechanical way. The situations of the furrows or sulci which make their

appearance are determined, for the most part, by the arrangement and the

relative rates of expansion of the various areas into which the neopallium becomes
differentiated.

The great majority of the furrows belong to a group, which we may call (1)

sulci terminales, i.e. they make their appearance along the boundary lines between
areas of different structure. The fissura rhinalis and sulcus centralis are examples
of this group. Another group, which may be called (2) sulci axiales, develop by
the folding of areas of uniform structure, i.e. along the axis of certain territories.

The retro-calcarine sulcus and the sulcus occipitalis lateralis belong to this

group. There is a third group of (3) sulci operculati, where the edge of one area

becomes pushed over an adjoining territory, so that a trough is formed (Fig. 575, C),

which is neither a limiting nor an axial sulcus. The sulcus lunatus is an example.
And finally there is a fourth group, in which some more definitely mechanical
factor comes into play to complicate the operation of these other factors, or even
to determine the development of a furrow. The sulcus parieto-occipitalis and
the fissura lateralis are examples of the fourth group.

[It is the custom to call certain furrows sulci and others fissures, and to call

some of them coin-plete, because they indent the whole thickness of the wall of the

ventricle, and to call the rest incomplete. There is no justification whatever for any
such distinctions.

It is usual also to subdivide the surface of the hemisphere in a purely arbitrary

manner into "lohes" and to speak of interlobar fissures, but this is an artificial and
misleading terminology which we shall avoid as far as possible.]

Fissura Longitudinalis Cerebri.—The longitudinal fissure is not a fissure

of the cortex but is the great cleft between the two cerebral hemispheres. In
front and behind it separates the cerebral hemispheres completely the one from
the other. In its middle part, however, the fissure is interrupted and floored

by the corpus callosum, a white commissural band, which passes between the

hemispheres and connects them together. The superior surface of the corpus

callosum is displayed when the contiguous medial surfaces of the cerebral

hemispheres are drawn asunder. The longitudinal fissure is occupied by a median
fold of dura mater, termed the falx cerebri, which partially subdivides the part

of the cranial cavity allotted to the cerebrum into a right and left chamber.

External Configuration of each Cerebral Hemisphere.—Each cerebral hemi-
sphere presents a lateral, a medial, and an inferior surface. The lateral surface is

convex and is adapted accurately to the internal surface of the cranial vault. The
medial surface is flat and perpendicular, and bounds the longitudinal fissure. In
great part it is separated from the corresponding surface of the opposite hemisphere
by the falx cerebri. The inferior surface is irregular and is adapted to the

anterior and middle cranial fossse of the cranial floor and, behind these, to the

superior surface of the tentorium cerebelli. Traversing this surface in a transverse
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direction, nearer the anterior end of the hemisphere than the posterior end, is

the stem of tlie lateral fissure. This deep cleft divides the inferior surface into an

anterior or orbital area, which rests on the orbital part of the frontal bone and is

consequently concave from side to side, and a more extensive posterior or tentorial

area, which lies on the floor of the lateral part of the middle cranial fossa and upon

the superior surface of the tentorium cerebelli. This surface is arched i'rom before

backwards, and looks medially as well as downwards. In its posterior two-thirds it

lies above the cerebellum, from which it is separated by the tentorium cerebelli.

The borders which intervem^ between these surfaces are the supero-medial, the

superciliary, the infero-lateral, the medial occipital and medial orbital. The sujyero-

medial border, convex from before backwards, intervenes between the convex lateral

surface and tlie flat medial surface of the hemisphere. The superciliary border is

highly arched and separates the orbital surface frofti the lateral surface. The
infero-lateral border marks off the tentorial surface from the lateral surface. The
medial occipital border can be seen only in cases where the brain has been hardened

in situ and faithfully retains the natural form. It extends from the posterior end

of the hemisphere towards the posterior extremity of the corpus callosum, and inter-

venes between the medial and tentorial surfaces. It is the border which lies along

the straight blood sinus, and it therefore occupies the angle which is formed by the

attachment of the posterior part of the falx cerebri to the superior surface of the

tentorium cerebelli. The medial orbital border separates the medial surface from

the orbital surface.

The most projecting part of the anterior end of the cerebral hemisphere is called

limiting sulcus
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operculated sulcus
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the frontal pole, whilst the most projecting part of the posterior end is termed the
occipital pole. On the inferior surface of tlie hemisphere the prominent point of

cerebral substance which extends forwards below the lateral fissure receives the

name of the temporal pole. In a well-hardened brain a broad groove is usually
present on the medial and inferior aspect of the occipital pole of the. right hemisphere.
This corresponds to the commencement of the right transverse venous sinus. A less

distinct groove on the occipital pole of the left hemisphere frequently indicates the
commencement of the left transverse sinus. On the tentorial surface, a short

distance behind the temporal pole, a w^ell-marked depression, impressio petrosa, is

always visible. This corresponds to the elevation on the anterior surface of the

petrous portion of the temporal bone over the superior semicircular canal.

The White Matter of the Cerebral Hemispheres.

According to the connexions which they establish the fibres forming the white
medullary matter of the hemispheres may be classified into three distinct groups,
viz., (1) commissural fibres

; (2) association fibres ; and (3) projection fibres.

Commissural Fibres.—These are fibres which link together portions of the

gray cortex of opposite cerebral hemispheres. They are arranged in three groups
forming three definite structures, viz., the corpus callosum, the anterior commissure,
and the hippocampal commissure.

The corpus callosum has in a great measure been already studied (p. 628). As
it enters each hemisphere, its fibres spread out in an extensive radiation (the radia-
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tioii of the corpus callosum). It thus comes about that every part of the cerebral

cortex, with the exception of the bulbi olfactorii, the olfactory parts of the hemi-
sphere, and the inferior and anterior part of the temporal lobe, is reached by the
callosal fibres. But it should be clearly understood that all the regions of the cortex

do not receive an equal proportion of fibres ; in other words, some cortical areas

would appear to be more plentifully supplied than others. Another point of some
importance consists in the fact that the callosal fibres do not, as a rule, connect
together symmetrical portions of the gray cortex. As the fibres cross the median
plane they become greatly scattered, so that dissimilar parts of the cortex of

opposite hemispheres come to be associated with each other.

The commissura anterior is a structure supplemental to the corpus callosum,

although originally it was the principal cerebral commissure long before the corpus
callosum was evolved. ' It connects together the two olfactory bulbs, and also

portions of the opposite temporal lobes. It presents a cord-like appearance and
in median section appears as a small oval bundle in the lamina terminalis

(Fig. 544, p. 617). The middle free portion is placed immediately in front of the

columns of the fornix as they curve downwards, and also in intimate relation to the
anterior end of the third ventricle. Posteriorly, the small portion of the anterior

commissure which appears in the ventricle between the two columns of the fornix is

clothed with the ventricular ependyma ; anteriorly, the commissure is connected
with the lamina terminalis as it stretches from the optic chiasma upwards towards
the inferior (anterior) end of the hippocampal commissure.

The lateral part of the anterior commissure penetrates the cerebral hemisphere,
and, gaining the inferior part of the anterior end of the internal capsule, divides into

two portions, viz., a small inferior olfactory part and a much larger temporal part.

The olfactory portion of the anterior commissure is an exceedingly small fasci-

culus. It passes downwards and forwards, and finally enters the olfactory tract.

It is composed (1) of true commissural fibres, which bind one olfactory bulb to the

other ; and (2) of other fibres, which connect the olfactory bulb of one side with
the piriform area of the other side.

The temporal portion is formed of almost the whole- of the fibres of the

commissure. It is carried laterally under the lentiform nucleus, until it gains

the interval between the globus pallidus and the putamen. At this point it

changes its direction and sweeps backwards. In frontal sections through the

brain, posterior to this bend, the temporal portion of the anterior commissure
appears as an oval bundle of fibres cut transversely and placed in close contact

with the inferior surface of the lentiform nucleus (Eig. 576). Finally, it turns

sharply downwards on the lateral aspect of the amygdaloid nucleus, and its fibres

are lost in the white medullary centre of the temporal lobe. When the lateral

part of the anterior commissure is displayed by dissection, it is seen to be twisted

like a rope.

The hippocampal commissure is composed of fibres which connect the hippo-

campus of one side with the corresponding structure of the opposite side. It is

described on p. 629.

Association Fibres.—The association fibres bind together different portions of

the cortex of the same hemisphere. They are grouped into long and short associa-

tion bundles.

The greater number of the short association fibres pass between adjacent

gyri. They curve round the bottoms of the sulci in U-shaped loops. Some of

these occupy the deepefSt part of the gray cortex itself, and are termed intracortical

association fibres (Figs. 577 and 578) ; others lie immediately subjacent to the gray

matter—between it and the general mass of the white matter—and receive the

name of subcortical fibres. Many groups of short association fibres, instead of linking

together contiguous gyri, pass between gyri more or less remote. It is only

after birth, when intellectual effort and education have stimulated different portions

of the cortex to act in harmony and in conjunction with each other, that these

association fibres assume their sheaths of myelin and become functional.

The long association fibres are arranged in bundles which run for considerable

distances within the white medullary centre of the cerebral hemisphere, and unite
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districts of gray cortex which may be far removed from eacli other. The better
known of these fasciculi are the following: (1) the uncinate bundle; (2) the
ciugulum; (3) the superior longitudinal bundle; (4) the inferior longitudinal; and
(5) the occipito-frontal.

The fasciculus uncinatus is composed of fibres which arch over the stem of the
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A, Section through the left hemisphere in a plane a short distance behind B, which is a section through the

right hemisphere. The positions of the great longitudinal association tracts are indicated in red.

lateral cerebral fissure and connect the frontal pole, and the orbital gyri of the

frontal lobe, with the anterior portion of the temporal lobe.

The cingulum is a very well-marked and distinct band, which is closely associated

with the medial edge of the neopallium. Beginning in front, in the region of the

anterior perforated substance, it arches round the genu of the corpus callosum and

Fig. 577.

—

Diagrams of the Leading Association Binules ok the Cererral Uemisi-here.

(Founded on the drawings of Dejerine).

A, Lateral aspect of hemisphere. B, Medial aspect of hemisphere.

is carried backwards on the superior surface of this structure at the place where

its fibres pass into the callosal radiation. The cingulum, therefore, lies under

cover of the gyrus cinguli and stands in intimate relation to the white centre

of this gyrus (Fig. 559, p. 631). At the posterior end of the corpus callosum

the cingulum turns round the splenium and is carried forwards, in relation to
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the hippocampal gyrus, to the uncus and the temporal pole. The cingulum

is composed of several systems of fibres which run only for short distances

within it.

The fasciculus longitudinalis superior is an arcuate bundle which is placed on the

lateral aspect of the foot or basal part of the corona radiata and connects the

frontal, occipital, and temporal regions of the hemisphere. It lies in the base of the

superior operculum and sweeps backwards over the insular region to the posterior

end of the lateral cerebral fissure. Here it bends downwards round the posterior

end of the putamen and proceeds forwards in the temporal lobe, to reach its anterior

extremity. As it turns downwards to reach the temporal lobe numerous fibres

radiate from it into the occipital lobe.

The fasciculus longitudinalis inferior is a very conspicuous bundle which extends

aloncr the whole length of the occipital and temporal regions (Fig. 577, B). Curran

has recently demonstrated that the fasciculus uncinatus and the inferior longi-
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tudinal bundle are merely the shorter inferior fibres of a much bigger and longer

tract (Fig. 578), to which he has applied the name occipito-frontalis inferior. The
arrangement of these longitudinal tracts may be put concisely by saying that fibre

connexions of differing lengths link together the various cortical areas in the

longitudinal direction, the deeper fibres (i.e. those furthest removed from the

cortex, medial, lateral, superior or inferior) being progressively longer than the

superficial. The deepest fibres extend the whole length of the hemisphere and

are pushed aside by the insula (Fig. 578) and collected into two great bundles, a

superior longitudinal and an inferior occipito-frontal bundle. In the occipital

lobe the inferior occipito-frontal bundle is placed on the lateral aspect of the

optic radiation, which takes a similar direction and from which it is distinguished

by the greater coarseness of. its fibres (Figs. 576, p. 649; 578; 559, p. 631).

It is not present in the macaque monkey (Ferrier and Turner), but is well

developed in the orang and the chimpanzee.
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The fasciculus occipito- frontalis superior is a bundle of fibres which runs in a

sagittal direction in intimate relation to the lateral ventricle (Fig. 57G, p. 649). It may
be regarded as the medial edge of the superior longitudinal bundle. It has been pointed

out (Forel, Onufrowicz, and others) that, in cases where the corpus callosum fails to

develop, the tapetum remains apparently unaffected, and Dejerine has endeavoured to

prove that the fibres of this layer really belong to the fasciculus occipito-frontalis. The
fasciculus occipito-frontalis lies on the medial aspect of the corona radiata in intimate

relation to the caudate nucleus, and posteriorly it spreads out over the superior and
lateral aspect of the lateral ventricle, immediately outside the ependyma, where,

according to Dejerine, it constitutes the tapetum (see p. 632).

Projection Fibres,—We have already seen that every part of the cerebral

cortex is linked to other cortical areas, not only in its own neighbourhood (short

association fibres) (Fig. 578), but also

in the most distant parts of the hemi-
sphere (long association fibres), as well

as to the cortex of the other hemi-
sphere (commissural fibres). In
addition there are two large series of

fibres : (i.) an ascending group which
conveys to the cerebral cortex im-

pulses coming from the thalamus and
metathalamus, the corpora quadri-

gemina and the red nucleus, and the

various other sensory nuclei scattered

throughout the brain stem and spinal

medulla ; and (ii.) a descending group
connecting the cerebral hemisphere

with the corpus striatum, various parts

of the diencephalon, mesencephalon
and cerebellum, as well as with all the

motor nuclei scattered throughout the

central nervous system. These two
groups of tracts, respectively passing

to and from the cerebral cortex, are

known collectively as its projection

fibres.

While examining the general ar-

rangement of these projection fibres

of the cerebral hemisphere it is con-

venient to refer incidentally to certain

other fibre -tracts which do not fall

strictly within this group.

The Sensory Tracts.—A certain

proportion of the fibres that enter the

spinal medulla by its posterior root, which are supposed to be the sensory nerves of

muscles, tendons, and joints, pass upwards without interruption in the posterior

funiculi throughout the whole length of the spinal medulla until they reach the

medulla oblongata, where they end in the nucleus gracihs and nucleus cuneatus.

From these nuclei, arcuate fibres (fasciculus bulbothalamicus) arise and, after crossing

the median plane, proceed upwards in the medial lemniscus of the other side to end

in the ventro-lateral nucleus of the thalamus, from which a third group of neurones

arises and proceeds upwards through the internal capsule to the cerebral cortex,

where the impulses conveyed by it excite a consciousness of position and movement.

But other sensory fibres end in the spinal medulla near their place of entry into

it, and from the cells related to the endings of these fibres a new tract (fasciculus

spinothalamicus) arises, crosses the median plane to reach the antero-lateral funiculus

of the opposite side, in which it proceeds upwards throughout the whole length of

the spinal medulla (that lies above its origin), the rhombencephalon and mesen-

cephalon to the thalamus, where it ends alongside the bulbo- thalamic tract in

Nucleus

Post. fun. of
medulla spinalis

vo*^;^o'

Fig. 579.

—

Diagram of the Sensory Tracts from the
Spinal Medulla to the Cerebral Cortex.
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relationship with cells of the ventro-lateral nucleus. The fibres arising from this

nucleus proceed to the gyrus centralis posterior, and convey impulses to it, which
may excite a consciousness of touch, pressure, pain, heat, or cold. Some of these

spino-thalamic fibres enter the medial lemniscus in the medulla oblongata, but
others remain separate from it (Fig. 580) until they reach the level of the pons,

wliere they become added to the lateral margin of the bulbo-thalamic tract.

[In Fig. 580 the line from the label "lemniscus medialis " points to the place

of junction of the spino- and bulbo-thalamic tracts.]

Other groups of fibres, serially homologous to both the spino-thalamic and the

bulbo-thalamic tracts, come from the various sensory cerebral nerves—trigeminal,

Lateral ventricle
Nucleus caudutus

Corona radlata \

Corpus callosura

Internal capsule

Claustrum

Thalanio-cortical (sensory)
radiation in internal capsule

Insula

Acoustic
^radiation enter-

,/ ing transverse
temporal gyri

Ventro-lateral thalamic nucleus
receiving the medial lemniscus
'and emitting sensory
fibres to the cortex
Acoustic radiation
Lateral geniculate body
receiving lateral lemniscus and
emitting acoustic radiation

Lateral ventricle inferior cornu

Basis
pedimculi-

cerebri

.Substantia
nigra

""

Ccrebro-spinal and - ^
cerebro-pontine tracts -

in the pons

Xer\'us acusticus

Corpus trapezoideui

Pyramid

Decussation of pyramids —

Ventral cerebro-spinal tract—

Medial geniculate body
"Fimbria

"Hippocampus

'.'Lateral lemniscus

Medial lemniscus at the part -where

""the spino-thalamic and bulbo-
thalamic tracts join

Fig. 580.

—

Fko.ntal Section of Brain, passing in the Line of the Cehebuo-Spinal Tract {marked
in red) in the Right Hemisphere (left side of Fig.), and on a more posterior plane in the left

hemisphere, where the sensory paths (tactile in blue, and acoustic in yellow) have been represented.

facial, glossopharyngeal, and vagus—and become added to the great strands that are

proceeding upwards to the thalamus (Figs. 579 and 494, p. 561).

Of the other great ascending tracts in the spinal medulla, such as the two
pairs of fasciculi spinocerebel lares, nothiug further need be said ; nor is it necessary

to do more than remind the reader that from the nucleus dentatus of the cerebellum

a great tract (brachium conjunctivum) ascends to the opposite red nucleus and
thalamus, and through them establishes an indirect connexion with the cerebral

cortex in the precentral and frontal regions.

The other sensory pathways to the cerebrum, auditory, vestibular, visual,

gustatory, and olfactory, are described elsewhere.

The Corticifugal Projection Strands.—The fasciculus cerebrospinalis, the great

motor or pyramidal tract, is composed of fibres which arise from giant pyramidal
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cells of Betz in the posterior part of the precentml cortex (p. 663) in the district

immediately in front of the sulcus centralis. The fibres descend through the

corona radiata into the po.sterior limb of the internal capsule. From this point the

further course of the pyramidal tract has been traced, viz., through the central part

of the basal region of the cerebral ])eduucle and pons, and tlie pyramid of the

medulla oblongata. At tlie level of the foramen magnum it decussates in the

manner already described, and enters the spinal medulla as thct lateral cerebro-

spinal antl anterior cerebro-spinal tracts. The fibres composing these end in

connexion with the ventral or motor column of cells, from which the fibres of the

anterior roots of the spinal nerves arise.

Similar fibres arise from the inferior part of the precentral area and proceed

through the internal capsule and cerebral ])eduncle to ;dl the motor nuclei upon
the opposite side^of the brain stem (fasciculi cerebronucleares). Hence the cerel»ral

cortex of one hemisphere can control all the muscles of the opposite side of the body.

The fronto-pontine strand is composed of fibres which arise as the axons of

the cells in the cortex which covers the frontal region that lies in front of the

precentral furrows. It descends in the anterior limb of the internal capsule,

enters tlie medial part of the base of the cerebral peduncle, through which it

gains the basilar part of the pons. In this its fil)res end amongst the cells of the

nuclei pontis, from which axons arise and establish relations with the cortex of

the opposite cerebellar hemisphere.

The temporo-pontine tract consists of fibres which spring from the cells of that

part of the cortex which covers the middle portions of the lower two temporal

gyri. The temporo-pontine tract passes medially under the nucleus lenti-

formis, enters the retrolenticular part of the posterior limb of the internal capsule,

and thus gains the lateral part of the cerebral peduncle. From this it descends

into the basilar part of the pons, in which it ends in the nuclei pontis.

Cortico-striate and other Descending Fibres.— From the fibres of the internal

capsule numerous collateral branches are given off to the nucleus caudatus and
nucleus lentiformis, and from these basal ganglia fibres arise which enter the

cerebral peduncle as constituent elements of the great cerebro-sj)inal tract.

Some of the fibres from the corpus striatum, especially the nucleus lentiformis,

as well as others descending from the frontal cortex, pass into the red nucleus

(Fig. 571), which also receives afferent tracts from the tectum mesencephali and
from the cerebellum : it emits an important efferent tract (fasciculus rubrospinalis),

which crosses the median plane and descends in the brain stem and spinal medulla

to the various motor nuclei (see Figs. 454 and 475).

THE SULCI AND GYRI OF THE CEREBRAL HEMISPHERES.

Fissura Cerebri Lateralis (O.T. Fissure of Sylvius).—This is the most con-

spicuous furrow on the surface of the cerebral hemisphere. In reality it is formed,

not as a furrow upon the surface of the hemisphere, but as a great fossa, the

margins of which develop into large lip-like folds that bulge over the fossa and
meet to form the superficial pattern of the lateral fissure. It is composed of a

short main stem, from the lateral extremity of which two or three branches or

limbs radiate. The stem of the lateral fissure is placed on the inferior surface of

the hemisphere. It begins at the substantia perforata anterior and passes

laterally, forming a deep cleft between the temporal pole and the orbital surface of

the frontal region. Appearing on the lateral surface of the hemisphere, the fissure

immediately divides into two or three radiating rami. These are : (1) the ramus
posterior

; (2) the ramus anterior horizontahs
; (3) the ramus anterior ascendens,

of which the last is inconstant.

The posterior ramus is the longest and most constant of the three limbs. It

extends backwards, with a sHght inclination upwards, on the lateral surface of the

hemisphere for a distance which may vary from about two to three inches. It

intervenes between the frontal and parietal regions, which lie above it, and the

temporal region which lies below it ; and it finally ends in the region subjacent to
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the parietal tuberosity of the cranial wall by turning upwards into the parietal

region in the form of an ascending terminal 'piece.

The anterior horizontal ramus extends horizontally forwards in the frontal region

for a distance of not more, as a rule, than three-quarters of an inch, immediately

above and parallel to the posterior part of the superciliary margin of the hemisphere.

The anterior ascending ramus proceeds upwards and slightly forwards, into

the inferior part of the lateral surface of the frontal region for a variable distance

(an inch or less). In many cases the two anterior limbs spring from a common stem

of greater or less length, and not infrequently there is only a single anterior limb.

Sulcus Circularis.—If the lips of the posterior ramus of the lateral fissure are

pulled widely asunder from each other, the insula (island of Eeil) will be seen at the
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Fig. 581.—A Diagram of the Lateral Aspect of the Left Cerebral Hemisphere.

The inferior frontal sulcus (the superior boundary of the inferior frontal gyrus), the middle frontal sulcus
(separating the anterior and middle frontal areas), and the superior frontal sulcus (bounding the superior
frontal gyrus) are not labelled.

bottom. The insular district of the cortex is completely hidden from view, when
the lateral fissure is closed, by overlapping portions of the cerebral hemisphere,
and, when brought into view in the manner indicated, it is observed to present a
triangular outline and to be surrounded by a limiting sulcus, of which three parts
may be recognised, viz., a superior part, bounding it above and separating it from the
parietal and frontal regions.; an inferior part, marking it off below from the temporal
region

; and an anterior part, separating it in front from the frontal region.

The insula consists of three areas of different structure. At the antero-inferior
corner (where the sulcus circularis is deficient) the knee-like bend of the area
piriformis (^see Figs. 582 and 584) appears at the limen insulse. The rest is subdivided
by an oblique furrow (sulcus centralis insulse) into a posterior part divided into
gyri longi and an anterior part divided into gyri breves.
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Opercula Insulae.—The overiapping portions of the cerebral substance which
cover over the iuHulii are termed the insular opercula, and they form, by the apposi-
tion of their margins, the three rami of the lateral fissure. The rami of the
iissure extend from tlie e.\p().sed surface of the hemisphere to th(! submerged surface
of the insula, and, in this manner, s(!parato the opercula from each other.

The temporal operculum (pars temporalis) extends upwards over the insula from
the temporal region, and its .superior margin forms the inferior lip of the posterior

ramus of the lateral fissure.

The superior operculum is carried downwards from the parietal (pars parietalis)

and frontal (pars frontalis) regions over the insula, ami its inferior margin, meeting
the temporal operculum, forms the superior lip of the posterior ramus of the lateral

fissure.

The small triangular piece of cerebral substance which sometimes intervenes
between the ascending and horizontal anterior rami of the lateral fissure is

formed by the bending downwards of the front part of the upper operculum. It

Siiin'rior oiiciciiliui

Gyri breves iiisulii'
Sulcus criilrali.s insular

s traiisversus
anterior

Tractus olfai

Area piriformis | LiiiiPu insula;

Line of obliterated rliiiial tissiire

Area aciistica extending on to
the superior temporal gyrus

Fig. 582.

—

Part of a Left Cerebral Hemisphere with the Opercula of the Insula widely
separated to expose the insula and the superior surface of the temporal operculum.

The area acustica is coloured a uniform blue, the area intermedia with large blue spots and the

area circumamhiens with fine blue dots.

covers over a small part of the anterior portion of the insula, and is sometimes
termed the pars triangularis.

The orbital operculum is, for the most part, on the inferior surface of the hemi-
sphere. It lies below and to the medial side of the horizontal anterior ramus of the

lateral fissure, and proceeds backwards from the orbital aspect of the frontal lobe

over the anterior part of the insula.

Development of the Lateral Fissure and of the Insular District of the Cerebral Hemi-
sphere.— It is only during tlie latter lialf of tlie intra-uteriiic ])eri(Kl of (levi'lopnient that the

opercula take shajjc and grow over the insula, so as to shut it out from the surface. In its

early condition the insula presents the form of a depressed area on the side of the cerebral

hemisphere, surrounded by a distinct boundary wall formed by the surrounding more elevated

surface of the hemisphere (Fig. 583, A). After a time this depressed area, which is called the

fossa lateralis, assumes a triangular outline, and then the bounding wall is observed to be com-
posed of three distinct parts, viz., a superior or fronto- parietal, an inferior or temporal, and
an anterior or orVtital part (Fig. 583, B). The angle formed by the meeting of the superior
and anterior portions of the boundary may become flattened, and a short oblique jiart of the
limiting w'all develop into a small triangular frontal operculum (Fig. 583, F). Each of these

portions of the bounding wall of the fos.sa becomes a line of growth, from which an operculum
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takes origin, and by the approximation of these operciila, as they grow over the surface of the

fossa, the insula becomes closed in and the rami of the lateral fissure are formed (Fig. 583, C).

The lateral fissure is au example of the fourth category of furrows enumerated
above. It is largely the result of the operation of the mechanical factors incidental

to the bending downwards of the pallium in front of and behind the place where
the hemisphere-wall is supported and held in position by the corpus striatum.

The cortical area roughly corresponding to the surface of the corpus striatum is the

insula ; the temporal region extends downwards behind it, and to a less extent

the frontal region

in front of it (Fig.

y-'—X^- —--^ ar^"^ ' mt#.-,Jl towards the end of

f/t( ^^11 '^*^^ 'v M^^ ^h® fif*^ month of

U' / V 'i 7)1 ^.JIA ^-=*«i»«i!^^^
^ foetal life the ex-

uberant growth of

the free fronto-

parietal pallium
above the insula

(Fig. 583, B) and
the temporal pal-

lium below and
behind it leads to

Right cerebral hemisphere from a fcetus in the latter part of the fourth month the development 01

of development ; B, Right cerebral hemisphere from a fcetus in the fifth lip-liljie folds of nCO-
month of development ; C, Right cerebral hemisphere from a foetus in the -i-i- ,-i

latter part of the eighth month of development. paiHUm -tne Oper-

the temporal operculum has been removed, and thus a large part of the CUla—whlch gradu-
insula is exposed. The outline of the temporal operculum is indicated by a ally approach one

F.P, Superior operculum. F, Frontal operculum, 0, Orbital operculum. another (Fig. 583,0)
and eventually

cover up the insula. Other factors come into play in determining the form and
topographical relations of the fissura lateralis. For example, the posterior part

of the fissure is the morphological boundary between the acoustic and tactile terri-

tories of the neopallium.

Fig. 583.

—

Right Hemispheres of Human Fcetdses showing Three Stages
IN THE Development op the Insula and the Insular Opercula.

In C

THE ACOUSTIC AREA AND FIBRE-TRACTS.

In the embryo of the fifth month (Fig. 583, B), as well as in every later stage,

even up to the adult condition (Fig. 582), an area upon the superior surface of

the temporal operculum can be seen to slope medially towards the upper limb of

the sulcus circularis, behind the insula. This area constitutes the receptive centre

for acoustic impressions—the gyrus temporalis transversus or Heschl's convolution

—although the extent of this acoustico-sensory area does not coincide exactly

with that of the transverse temporal gyrus. The area formed by the upper surface

of the temporal operculum immediately behind this prominent transverse gyrus

is also called by the same name, so that there are anterior and posterior transverse

temporal gyri (Fig. 582 ; the posterior transverse temporal gyrus is not labelled in

the figure).

In studying the brain-stem we have seen that a tract of fibres originating in

the cochlear terminal nuclei (in the medulla oblongata) crosses the median plane

(corpus trapezoideum) and bends upwards in the lateral lemniscus of the other

side (Fig. 560) to end in the medial geniculate body of the metathalamus.

From the medial geniculate body a new tract arises (composed of tertiary

acoustic neurones), which passes laterally (Figs. 580 and 584) to end in the

transverse temporal gyri. This tract may be called the radiatio thalamotemporalis.

The area into which this acoustic radiation is inserted occupies not only the

region of the anterior transverse temporal gyrus (Fig. 582) hidden within the lateral

fissure, but also extends over its inferior lip, on to the exposed surface of the superior

temporal gyrus (Fig. 581). Surrounding this area there are two concentric bands,
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which are also concerned with aCoustic functions, but are related to the acoustic

radiation only tlirough the intermediation of the area acustica of the transverse

gyrus (Figs. 581 and 582).

These areas may l)e distinguished as tlie pars intermedia and pars circumambiens,

respectively, of the gyrus temporalis superior. During the sixth month of fecial life a

furrow makes its apjiearance along the line of the inferior boundary of the superior

temporal area (Fig. 590). It is called tiio sulcus temporalis superior.

At a much later stage of developrnt-nt another furrow (sulcus temporalis

anterior) makes its api)earanoe further forwards in the temporal region, as the

posterior boundary of the area temporalis polaris ; it often ))ecomes confluent with
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Fic 584.—iNFEiuou Aspect of part ok the Bhaix. The mesencephalon has been cut across and a great

part of the cerebral hemisphere dissected away to expose the acoustic radiation (right side of figure

in yellow) pas.siug laterally from the medial geniculate body to the deep surface of the tran.sverse

temporal gyri, of which a small part is shown in section. Motor fibres in re<l ; optic fibres, blue :

olfactory, dull yellow.

the real sulcus temporaUs superior, and is usually described as part of it. But it is

genetically quite distinct from it (Fig. 581).

If the area acustica is cut across in a perfectly fresh brain it will be found to

be composed of a thin layer (17.5 mm.) of cortical gray matter, in which two
very dense and fairly broad bands of white matter are visible (Fig. 58-4). These
Itands are composed largely of fibres of the acoustic radiation, which have entered

the cortex to terminate in it. The superior temporal area is composed of somewhat
thicker cortex with two bands which are not so densely white as those of the

area acustica. The cortex of the temporal polar area is composed of moderately

thick, clear, gray matter in which there is a single, narrow, sharply defined wliite

line.

43
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The remainder of the true temporal region is composed of an extensive district

below the superior temporal sulcus. It is composed of thicker cortex than the

superior temporal" area, ranging from 3 lum. just below the superior temporal

sulcus to 2'5 mm. at the inferior border of the hemisphere. It is composed of

three bands of different texture, the middle temporal gyrus, the inferior temporal

gyrus, and the pararhinal gyrus, which fringes the area piriformis on the tentorial

surface. Upon the lateral aspect of the temporal region a series of irregular

furrows are situated along the line of demarcation between the gyrus temporalis

medius and the gyrus temporalis inferior ; they are considered to represent a sulcus

temporalis medius, but
they are subject to much
irregularity, especially in

highly developed brains.

The sulcus temporalis in-

ferior, which forms the

line of demarcation be-

tween the gyrus tempor-
alis inferior and the gyrus
fusiformis, is placed upon
the inferior aspect of the

temporal region.

The great extent of

the middle and inferior

temporal gyri constitutes

one of the outstanding

features distinctive of the
Pararhinal gyrus human brain. Flechsig

has shown that the fibres

passing to and from these

two gyri are the last to

become meduUated, later

even than the important
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Flo. 585. -CoirncAi. Areas on the tentorial and orbital aspects of tlie

cerebral henriispheres.

We have already seen

(Figs. 578 and 584) that

each optic tract ends in

the lateral geniculate

body, the pulvinar of

the thalamus, and the

superior coUiculus. From
the lateral geniculate

body (and according

to most writers the thalamus also, though this is not admitted by all) a tract

arises which conveys visual impulses back to the occipital pole of the hemi-

sphere. This radiatio thalamo-occipitalis (Gratiolet's optic radiation) is seen from

various points of view in the figures mentioned, but it is possible (see Fig.

587) to expose it in a section which will display it in its relationship to the

rest of the visual path (Fig. 586).

From this it will be seen that the fibres of the optic radiation, after emerging

from the lateral geniculate body, bend backwards in the lateral wall of the ventricle

and proceed to an extensive district of thin cortex (1-5 mm. or less in thickness),

occupying an area of about 3000 sq. mm. of the medial surface and pole of

the occipital area. The cortex in this area is distinguished by the presence of
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a very distincl vvhitti line or stria, which was first noticed by Gennari in the

year 177G.

If tliis visual receptive area striata oi' tlie occipital cortex is excised and spread

out in one plane, it will he found to present an elongated ovoid form and a super-

ficial extent of about 3000 sq. mm. (varying in different brains from about

2700 to 4000). Thf narrow extremity of the oval is ])laced a short distance

behind and ltel(jw the splenium of the corpus callosum ; and from this ])oint the

area (extends iiorizontally backwards to the occipital pole, or even beyond it on to

the lateral aspect of the hemis})here. In the course of development this area

striata becomes folded along its axis during the sixth month, and the furrow thus

formed is called the sidcus calcarinus. This name was applied to the furrow l)y

Huxley because its deep anterior part indents the whole thickness of the medial
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wall of the hemisphere, and the swelling so produced in the posterior cornu of tiie

lateral ventricle was supposed by the older anatomists to resemble a cock's spur,

and was hence called calcar avis (see Fig. 566, p. 637).

The anterior part of this furrow is much deeper, more constant in form and

position, more precocious in development, and phylogenetically much older than

the posterior part. As it is the part of the sulcus which gives rise to the calcar avis,

it is the true calcarine ; while the newer, shallower posterior part is wholly on the

caudal side of the calcar avis, and is called sulcus calcarinus posterior. If the

area striata is prolonged on to the lateral surface, it also may become folded in the

line of its axis, and so give rise to a sulcus calcarinus lateralis.

There is a fundamental distinction between the calcarine sulcus and the posterior

calcarine in their relations to the area striata. For the stria of Gennari is

found only in the inferior wall of the sulcus calcarinus, which is therefore a sulcus

43 a
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limitans ; whereas the stria extends throughout both walls of the posterior calcarine

sulcus, and in most cases beyond its lips on to the surface of the cuneus and the

gyrus lingualis (Figs. 588 and 589), i.e. the exposed cortical areas placed upon the

superior and inferior aspects respectively of the sulcus calcarinus posterior.

Along the superior and inferior boundary lines of this area shallow limiting

sulci usually develop (Fig. 589), and these furrows often pass backwards into

little arched sulci polares, which are furrows of the operculated variety (see

p. 646), called into existence by the broadening out of the area striata (not

an actual broadening, but an unfolding) as it passes round the edge of the

hemisphere.

At the point of transition from the deep sulcus calcarinus into the shallower

sulcus calcarinus posterior (Fig. 588) a submerged ridge is usually found—the gyms
cuneolingualis anterior; and other similar ridges, which may be exposed on the

Gyrus cinguli

Parietooccipital fossa

Incisura parieio-oecipltali.s

Cuneus

Anterior cnneo-
lingual gyrus

Sulcus calcariuus
posterior

Posterior cuneo-
lingual gyrus

Corpus callosum

Sulcus calcarinus

Gyrus lingualis

Sulcus lingualis

inferior

Fig. 588.

—

The Parieto-occipital and the Calcarine Sulci fully opened up, so as to show the

deep transitional gyri marking off the several elements of the .i<-shaped system.

Area striata, uniform blue ; area parastriata, large blue spdts ; area peristriata, fine blue dots.

surface or may be submerged, are often found interrupting the posterior and lateral

calcarine sulci themselves (Fig. 588).

The posterior and lateral calcarine sulci are subject to a very wide range of

variation in form, but they are always axial foldings of the area striata.

When the area striata crosses on to the lateral surface of the hemisphere a small

semilunar furrow develops a short distance in front of its anterior edge. This is

the sulcus lunatus. The larger the lateral extension the closer does the edge of the

area striata approximate to the caudal lip of the sulcus, which under such circum-

stances assumes a definitely operculated form. Such cases occur most often in the

left hemisphere and in the brains of primitive people ; and they represent a perfect

reahsation of a furrow once supposed not to occur in the human brain, but to be

distinctive of the ape. Hence it used to be called the "Affenspalte" or sulcus

simialis.

The area striata is surrounded by two peripheral concentric bands—an inner,

which may be called area parastriata, and an outer, the area peristriata. Sulci

develop along the boundary lines of each of these areas ; and those which indicate

the superior and inferior limits of the peripheral band (i.e. peristriate area)



THE VISUAL AREAS AND FIBRE-TRACTS. 661

make their appearance relatively early in development and become verv deeu
turrovvs. ^ ^

The inferior of these is placed upon the tentorial surface, and is known as the
sulcus collaterahs

;
the superior hmiting furrow of the visual territory (its peristriate

part) IS upon the superior surface of the hemisphere, and is usually regarded as the
ramus occipitalis of the sulcus interparietalis. But it is <,^eneticallv independent of
the latter turrow, and may he distinguished as the sulcus paroccipitalis.

Near tlie supero- medial margin of the hemisphere there is a furrow which
indicates tlie line of demarcation between the para- and the peristriate areas—the
sulcus occipitalis paramedians. It may be situated upon either the medial or the
superior surface of the hemisphere. In some cases it belongs to the category of
limiting sulci, in others to the group of operculated sulci (see p. 646)

Liilmliin pariucritnilis

.Superior fn

Sulciui ciiiKUli

Gyrus ciiiguli

ntal Kjrus (posterior piirt)

Corpus chIIusuiu \

Sitperioi froiifcil (tytus (interuwliate imrU

operior frontal gyrus (anterior part)

Gyrus claguli (

Sulcus cinguli

Areii 'paraL-ingiilari

! paracingiilaris

I frontal area

"ulcus paracentrulis

' Sulcus Huliparietalis

; I'ui-asplenlal area

centralis

Incisura sulci cinguli
I'ruicuneus (anterior parti

;
Sulcus proxunei

I'ru^uneus ti>of.terior partt

tiulcus parietooccipitalis

tucisura parietoixclpitalis

Area peristriata
Sulcus polsris suiierior

Area froutop«»laris

Sulcus rostral

Area pra:front«liM \

Sulcus subrostralis
Area temporalis polsrir

Gyrus cingul

Fissura rhinalis

Piriform area

Gyrus temporalis inferior

/ Junction of ^

pararhinal /

and paraden-
tate gyri,

which form

Sulcus calcarinus
lateralis

I
Sulcus Polaris inferior

Area striatit

I
Sulcus calcarinns postetior

Area peristriata

. I I Sulci limitantes arete striata

I
Sulcus collateralis

I Area occipito tenipuralis
Area parastriatii

I

Fig. o89.—The Coktical Areas on the Medial Aspect of the Cerebkai. Hejii.si'heiu:.

Passing horizontally forwards upon the lateral surftice of the hemisphere there
is a constant furrow formed by the axial folding of part of the peristriate area,
approximately in line with the axial (olding of tlie striate area (sulcus cal-
carinns lateralis)

; it is the sulcus occipitalis lateraUs. When there is a fully
developed sulcus lunatus the lateral occipital sulcus joins it near its midpoint
(Fig. 581, p. 654).

The sulcus (or fossa) parieto-occipitalis (Fig. 554) is usually a deep furrow upon
the medial aspect of the hemisphere which passes vertically downwards from the
supero-medial border and appears to join the calcarine sulcus near its union with
the posterior calcarine, forming upon the surface a Y-shaped pattern, the stem of
which is calcarine, the limbs posterior calcarine and parieto-occipital respectively,
and the wedge-shaped area between the limbs the cuneus (Fig. 588 ; compare with
the pattern shown in Fig. 589, where the parieto-occipital sulcus is not labelled).

If, however, the lips of these three furrows are divaricated (Fig. 588), tlie parieto-
occipital depression will be found to be separated from the calcarine by a prominent

43 6
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submerged cortical ridge, the gyrus cunei ; and the parieto-occipital will be found

to be something more than a mere sulcus. It is, in fact, a great fossa in which are

submerged the anterior parts of the area parastriata and area peristriata, and the

posterior part of the parietal area known as the prsecuneus, as well as the sulci

which separate these territories one from the other. It is a great trough formed

by the splenium of the corpus callosum as in the course of its development it

thrusts itself backwards and crumples up the cortex. When the corpus callosum

fails to develop, no parieto-occipital fossa makes its appearance. The part of the

sulcus that notches the supero-medial border (Figs. 589 and 593) forms a distinct

element, wliich Eetzius has called the incisura parieto-occipitalis.

Sulcus Collateralis.—The collateral sulcus is a strongly marked furrow on the

tentorial face of the cerebral hemisphere. It begins near the occipital pole and
extends forwards towards the posterior end of the rhinal fissure, with which it

sometimes becomes confluent. In its posterior part it is placed below, and parallel

to, the calcarine fissure, from which it is separated by the lingual gyrus. From
the posterior extremity a sulcus proceeds forwards and then laterally across the

inferior surface of the occipital region, forming a V-shaped pattern with the

collateral sulcus (Eig. 585). As it is serially homologous with the latter, being, like

it, an inferior boundary of the area peristriata, it may be called the sulcus collateralis

transversus. The lingual gyrus is sometimes subdivided by a furrow (sulcus

sagittalis gyri lingualis) midway between the collateral sulcus and the inferior

margin of the area striata. It is the line of demarcation between the parastriate

and peristriate areas, and when deep is often mistaken for the collateral sulcus.

THE PARIETAL EEGION.

"We have seen that the acoustic pathway leads into the temporal region and
the visual pathway into the occipital region. The facts of cHnical medicine show

that large areas in these two regions

beyond the limits of the cortex in

which the acoustic and optic radiations

end are concerned with the functions

of hearing and vision. A large part

of the parietal area is interposed be-

tween these temporal and 'occipital

territories, and its integrity and
normal functioning is a necessary

condition for the proper performance
of many acts, such as reading written

or printed documents, in the apprecia-

tion of which both hearing and vision

have played some part. But the

parietal region also includes the

cortical area in which a part, at

least, of the chief thalamo- cerebral
tract ends—the bundle of fibres that

represents the third stage of the great

sensory pathway, the first stage of

whicli is formed by the spinal and
cerebral sensory nerves and their

central prolongations, and the second

stage by the spino-thalamic, bulbo-

thalaraic, and ponto-thalamic fasciculi, which pass upwards in the medial lemniscus
and end in the ventral nucleus of the thalamus (Figs. 579 and 580).

The sensory area in question forms part of the gyrus centralis posterior, which
intervenes between two oblique furrows, the sulcus centralis and the sulcus post-

ceutralis, wliich extend across the whole breadth of the hemisphere above the
sulcus lateralis fFig. 581).

Sulcus Centralis.—During the sixth and seventh months of foetal life the expand-

p.C.8.

p.c.i.

Fig. 590.

—

Lekt Ceuebkal Hemisphere, from a foetus in

the early part of the seventh month of development.

Sulcus prfficentralis superior.

Sulcus praecentralis inferior.

Inferior part of central sulcus.

Superior part of central sulcus.

Inferior postcentral sulcus.

Sulcus interparietalis proprius.

Sulcus paroccipitalis.

Superior temporal sulcus. •

Lateral fossa.

Fronto-parietal wall.

Frontal wall.

Orbital wall.
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iug posterior central area becomes raised iij) into a prominent ridge, and a similar

ridge is formed immediately in front of it (Fig. 590) from the area which emits

the great efferent or motor tract to control all the motor nuclei upon the other

side of the brain and spinal medulla. As these ridges become raised up a

depression is left between them : this is the sulcus centralis. At first it consists

of two parts, a superior and an inferior (Vi<^. 590, r- and r'j; but as a ruin these

become confluent later.

The sulcus centralis in the adult takes an oblique course across the lateral

convex surface of the cerebral hemisphere, and intervening between the frontal

and parietal regions it forms the immediate posterior boundary of the motor area of

the cortex. Its upper end cuts the supero-medial border of the hemisphere a short

distance behind the mid-point between the frontal and occipital poles, whilst its

inferior end terminates ai»ove the middle of the posterior ramus of the lateral fissure.

Its superior extremity, as a rule, turns rouml the supero-medial border of the hemi-

sphere, and is then continued backwards for a short distance on the medial surface.

Although, in its general direction, the

sulcus is oblique, it is very far from being ^—t^ ^"""^^^
straight. It takes a sinuous course /^^^B <i^lV
across the hemisphere. This is largely

^^^^
due to the varying breadth of the motor
areas representing the lower limb, trunk,

upper limb, and head, respectively, which
are placed immediately in front of it.

Wheu the sulcus centralis is widely opened
up, so that its bottom and its opposed sides

may be fully inspected, it will be seen that the

two bounding gyri are dovetailed into each

other by a number of interlocking gyri, which
do not appear on the surface (Fig. 59 1). Further,
two of these, placed on opposite sides of the

fissure, are frequently joined across the bottom
of the sulcus in the form of a sunken bridge of

connexion, which constitutes what is termed a

deep transitional gyrus. The continuity of tlie

sulcus is thus, to some extent, interrupted.

This condition is rendered interesting when
considered in connexion with the development
of the sulcus. The deep interlocking gyri in-

dicate a great exuberance of cortical growth in

this situation in the early stages of the develop-

ment of the sulcus ; and the presence of the deep
tranisitional gyrus is explained by the fact that the sulcus generally develops in two pieces, which
run into each other to form the continuous sulcus of the adult, viz., a part corresponding to the
inferior two-thirds, and a superior part, which represents the superior third and which appears
at a slightly later date. In certain very rare cases the sulcus centralis is found to remain double
throughout life, through a failure of its two pieces to unite. In such cases the deep transitional
gyrus, which is frequently seen at the bottom of the furrow, remains on the surface. Heschl,
who examined 2174 cerebral hemispheres, found this anomaly only six times ; Eberstaller met
with it twice in 200 brains.

Fig . 591.

—

Sulcus Centralis fully opened up,

so as to exhibit the interlocking gyri and deep
transitional gyrus within it.

Motor corte.x coloure<l red, sensory cortex Wcf.

If a section is made at right angles to this sulcus in a fresh brain (Fig. 592), it

will be seen that its anterior (gyrus centralis anterior) and posterior (gyrus centralis

posterior) walls present a marked contrast the one to the other, and that the transi-

tion from the one type of cortex to the other takes place precisely at, or near to,

the bottom of the sulcus. The anterior wall is composed of thick (3"5 to 4 mm.)
motor cortex thickly laden with medullary matter arranged in the form of three

or four pale bands with blurred edges and multitudes of fine pencils of fibres

passing to and fro between it and the white matter of the hemisphere. The
posterior wall is composed of thin (1'5 mm.) cortex containing two narrow and
sharply defined white lines.

This sensory area forms little more than the posterior wall of the sulcus

centralis, and barely emerges upon the surface to form the posterior lip of the

sulcus (Fig. 581). Here it becomes continuous with a slightly thicker cortex with
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Sulcus ceutralis

Gyrus centralis anterior | Gyrus centralis posterior

Sensory
cortex

doubled lines which are less dense than those of the sensory cortex ; this area forms

the crest of the gyrus centralis posterior, and then gives place to another slightly

modified type of cortex which forms the anterior wall of the sulcus postcentralis.

Thus the sensory cortex has two fringing bands analogous to those already noticed

alongside the visual and acoustic areas.

The motor and sensory areas cross on to the medial aspect of the hemisphere,

into a region known as the lobulusparacentralis.

In this region a furrow (sulcus paracentralis)

is sometimes found along the line of demarca-
tion of the medial parts of the motor and
sensory areas (Fig. 589).

That portion of the parietal region which
intervenes between the gyrus centralis pos-

terior and the occipital region is usually

subdivided into two distinct parts (lobulus

parietalis superior and lobulus parietalis in-

ferior) by a horizontal furrow, called the

sulcus interparietalis proprius. The term
sulcus interparietalis is usually applied in a

purely arbitrary and artificial manner to a

complex of four genetically distinct and in-

dependent furrows (Fig. o9o,p^^p^,p^, a.ndp*),

the sulcus postcentralis inferior (p'^), the sulcus

postcentralis superior (p^), the sulcus inter-

parietalis proprius (ramus horizontalis) (p^),

and the sulcus paroccipitalis (ramus occipitalis) (p'^), which ends in the sulcus

occipitalis transversus.

These four furrows develop quite independently one of the other, the postcentral

sulci as the posterior boundary of the sensory territory, the paroccipital sulcus as

the supero-lateral boundary of the visual territory, and the more variable horizontal

ramus (the sulcus interparietalis, in the strict sense of the term) as a demarcation

Motor
cortex

Boundary line between motor and sensory cortex

Fig. 592.

—

Section across the Superior Part
OF THE Sulcus Centralis in a Fresh Brain.

rr.m-itional gyrus Parieto-occipital sulcus (incisura)

Posterior central gyru

Termination of lateral fissure

Fig. .593.

—

The Four Sulci of the Interi-ai^ietal Comi'lex opened up, so as to show the deep

transitional gyri intervening between them.

p^ Sulcus' postcentralis inferior. p''. Ramus horizontalis (sulcus interpari^etalis proprius).

p-. Sulcus' postcentralis superior. p''. Ramus occipitalis (sulcus paroccipitalis).

between the two parietal lobules. The four furrows may unite to form any possible

combination.

The superior parietal lobule is composed of moderately thick cortex (2-5 to

3 mm.) placed between the interparietal sulcus (ramus horizontalis) and the superior

border of the hemisphere, where it becomes continuous on the medial surface with

the precuneus. Each of these parts is' subdivided by a transverse sulcus, the
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superior lobule by the sulcus parietalis superior and the precuneus by the sulcus

praecunei (Fig. 589).

The latter sulcus usually joins a small inverted U-shaped furrow (sulcus sub-

parietalis), which encloses a cortical territory of distinctive structure—the area

parasplenalis [praecunei].

Tiie inferior parietal lobule, which from its position is the natural meeting-place
for impressions coming from the visual, acoustic, and tactile territories, is naturally

a region of great functional significance. It is composed of a series of areas differ-

ing in thickness and texture. The anterior region forms a convolution (gjmis

supramarginalis) surrounding the upturned extremity of the lateral fissure ; behind
it there is a second convolution called the gyrus angularis, which surrounds a

vertical sulcus angularis, often described as the extremity of the sulcus temporalis

superior; but in reality it is quite independent of the latter furrow, but it often

becomes confiuent with it. Behind tlie gyrus angularis and separated from it In' a

trans\ erse furrow (sulcus occipitalis anterior) there is a cortical territory (area parieto-

occipitalis) which may perhaps be looked upon as a specialised and outlying part

of the peristriate area of the visual cortex.

THE FRONTAL REGION.

The frontal region is the biggest of the main cortical areas—the so-called "lobes."

On the lateral surface of the hemisphere, it is bounded behind by the sulcu.s centralis

and below, in part, by the lateral fissure. It presents a lateral surface, a medial
surface, and an inferior or orbital surface.

On its lateral aspect the surface is broken up by a large series of furrows,

which exhibit considerable variability.

The inferior precentral sulcus consists of a vertical and an oblique part. The
vertical portion lies in front of the inferior part of the sulcus centralis, whilst

the oUique part extends forwards and upwards (Fig. 594).

The superior precentral sulcus is a short vertical sulcus which lies at a higher
level than the inferior precentral sulcus, in front of the upper part of the sulcus

centralis. It is almost invariably connected with the posterior end of the superior

frontal sulcus.

The anterior central g3rrus is a long continuous gyrus, which is limited in front

by the two precentral furrows and behind by the sulcus centralis. Interiorly it is

continuous with the area subcentralis which links it to the posterior central gyrus.

The area subcentralis is limited in front and behind by the anterior and posterior

subcentral sulci (not labelled in Fig. 594).

Tlie superior frontal sulcus extends forwards in a more or less horizontal direc-

tion from the sulcus praecentralis superior.

The gyrus frontalis superior is the narrow convolution between the supero-medial

border of the hemisphere and the superior frontal sulcus and the continuation of

this convolution into a broad area upon the medial surface.

The inferior frontal sulcus occupies a lower level than the superior frontal sulcus.

Its posterior end is placed in the angle between the vertical and horizontal parts of

the inferior precentral sulcus, and is not infrequently confluent with one or other

of these. It proceeds forwards towards the superciliary margin of the hemisphere

and ends a short distance from this in a terminal bifurcation (Fig. 594).

The gyrus frontalis medius is the name given to the broad convolution which
lies between the superior and inferior frontal sulci.

The gyrus frontalis inferior is that portion of the lateral surface of the frontal

region which is placed in front of the inferior precentral sulcus and below the

inferior frontal sulcus. The inferior frontal convolution includes three cortical

areas (Fig. 594) differing in structure the one from the other. The sulcus diagonalis

separates the intermediate of these from the posterior.

The sulcus frontalis medius begins midway between the anterior ends of the

superior and inferior frontal sulci and proceeds obliquely forwards towards the

frontal pole. When the furrow reaches the superciliary margin of the hemisphere
it ends near a transverse furrow, called the fronto-marginal sulcus.
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On the medial aspect of the frontal lohe there are two convolutions, the larger
peripheral area which forms part of the gyrus frontalis superior and a smaller inner
part encircling the corpus callosum, which is called the gyrus cinguli. These gyri
are separated by the sulcus cinguli (Fig. 589).

The posterior part of the sulcus cinguli is genetically distinct from the anterior
part and it circumscribes a broader area, the lobulus paracentralis, which is con-
tinuous with the gyri centrales of the lateral surface of the hemisphere.

Inferior precentral sulcus Middle frontal gyrus fposterior part)

fruatal gyrus (posterior parti
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gyrun (inter-

Inteniiediate part of inferior frontal gyrus mediate part)
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Anterior horizontal
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Area supramarginalis anterior

Motor coktex
\ Sulcus postcentralis

I Sulcus centralis
Sensory cortex
Anterior part "V

Interuiediate part [• Gyrus centralis posterior
Posterior part J

Superior parietal lobule (anterior
part)

xSupramarginal gyrus
Sulcus parietalis superior

Sulcus interniedius
Gyrus angiilaris fpart)

Superior parietal lobule (post.

Sulcus iuterparietalis proprius

"'Lat. fis, (ascend, term, piece)
Sulcus angulaiis

Sulcus paroccipitalis

Area pevistriata

pital

rea prseoccipitalis

rea parastriata

Sulcus occipitalis

paraijiedialis

Area fron
polari

•Sulcus orbit-i]

anterior ramus /

Area frontomargioalis

Area proefron tali
Fissun orbitalis transverse liml.

Orbital ar&i

i temporalis polaris

Sulcus temporalis anterior
3Iiddle temporal gyrus

Middle temporal suli

Inferior temporal gyrus
Pars circumambiens (superior temporal gyrus)

ulcus temporalis superi'

I I
Aeka. accstica

1 Area subcentralis
Pars intermedia (superior temporal gyrus)

Sulcus retrocalcarin
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Fig. 594.

—

Areas on Lateral Aspect of Left Cerebral Hemisphere.

The superior, middle, and inferior frontal sulci are not labelled. The middle is in the midst of the green

area, the superior and inferior respectively at its superior and inferior boundaries.

On the orbital aspect of the frontal region there are two sulci, viz., the olfactory

and the orbital.

The olfactory sulcus is a straight furrow which runs parallel to the medial orbital

border of the hemisphere. It is occupied by the olfactory tract and bulb, and it

cuts off a narrow strip of the orbital surface close to the medial border, which
receives the name of gyrus rectus.

The orbital sulcus is a composite furrow which assumes many different forms.

It consists essentially of a U-shaped furrow, the convexity of which is directed

anteriorly (Fig. 585), and one or two variable branches passing forwards from it.

The conventional manner of subdividing the cortical territory anterior to the

sulcus centralis into gyri, which has just been sketched, is apt to convey a mis-

leading idea of the distribution of the anatomical areas of differentiated cortex.

The gyrus centralis anterior together with the major portion of the paracentral

lobule and the posterior part of the middle and superior frontal gyri form a natural

subdivision of the cortex, wliich Brodmann calls the regio praecentralis. It is com-
posed of a series of areas of different structure, which may be grouped as the area

praecentralis posterior (the true motor area), the area prsecentralis intermedius, and
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the area praecentralis anterior (Fig. 594). Most of the motor area is hidden in the

sulcus centralis, liut towards the supero-medial margin of the hemisphere a con-

siderable area emerges upon the surface of both the gyrus centralis anterior and
the paracentral lobule.

Broilmaiin calls the rest of the fnmtal territory the regio frontalis ; but in the

colour scheme adopted in Figs. 585, 589, and 594 the inferior frontal gyrus and
the orbital area posterior to the orbital sulcus have been associated with the
" precentral " rather than the " frontal " regions.

Weight of the Bkain.

The average weight of the adult male brain may be said to be about 1360
grammes. The female brain weighs rather less, but this is to be expected from the

smaller bulk of the female body. Probably the relative weight of the brain in the

two sexes is very much the same. The variations met with in brain-weight are

very great, but it is doubtful if normal intellectual functions could be carried on in

a brain which weighs less than 960 grammes. In microcephalic idiots brains of

extremelv small size are met with.

THE MENINGES OF THE ENCEPHALON AND
MEDULLA SPINALIS.

The brain and spinal medulla are enclosed within three membranes, which are

termed the meninges or meningeal membranes. From without inwards these

are : (1) the dura mater, (2) the arachnoid, and (3) the pia mater. The space

between the dura mater and the arachnoid receives the name of subdural space,

while the much more roomy interval between the arachnoid and the pia mater is

called the subarachnoid space.

Dura Mater.

The dura mater is a dense and thick fibrous membrane which possesses a very

considerable degree of strength. Its arrangement within the cranial cavity is so

different from that within the vertebral canal that it is customary to speak of it as

consisting of two parts, viz., a cranial and a vertebral, although in adopting this sub-

division it must be clearly understood that both portions are continuous with each

other at the foramen magnum.
Dura Mater Encephali.—The cranial dura mater is adherent to the inner

surface of the cranial wall, and performs a double office. It serves as an internal

periosteum for the bones which it lines and it constitutes an envelope for the brain.

Its inner surface, which bounds the subdural space, is smooth and glistening, and
is covered with a layer of endothelial cells. The outer surface when separated from

the cranial wall, is rough, this being due to numerous fine fibrous processes and
blood-vessels which pass between it and the bones. Its degree of adhesion to

the cranial wall differs considerably in different regions. To the vault of the

cranium, except along the lines of the sutures, the connexion is by no means
strong, and in the intervals between the fibrous processes which pass into the bone

there are small lymph spaces (epidural spaces) where the outer surface of the

membrane is covered by endothelial cells. So long as the sutures are open the

dura mater is connected with the periosteum on the exterior of the skull, along the

sutural lines, by a thin layer of fibrous tissue which intervenes between the bony
margins. Around the foramen magnum, and on the floor of the cranium, the dura

mater is very firmly adherent to the boiu-. This is more particularly marked in the

case of the projecting parts of the cranial floor, as, for example, the petrous portions

of the temporal bones, the clinoid processes, and so on. This firm adhesion in

these regions is still further strengthened because the nerves, as they leave the

cranium through the various foramina, are followed by sheaths of the fibrous dura
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mater. Outside the cranium these prolongations of the membrane blend with the

fibrous sheaths of the nerves, and likewise become connected with the periosteum on
the exterior of the skull. In the child, during the growth of the cranial bones, and
also in old age, the dura mater is more adherent to the cranial wall than during the
intermediate portion of life.

The cranial dura mater is composed of two layers intimately connected with
each other, but yet capable of being demonstrated in most regions of the cranium.
Along certain lines these two layers separate from each other so as to form channels
lined with endothelium. These channels are the venous blood-sinuses which receive

the blood from veins which come from various parts of the brain. They are described

in the section dealing with the Vascular System.
Strong fibrous partitions or septa are given off along certain lines from the deep

Inferior petrosal sinus

Superior petrosal sinus

Sigmoid part of
transverse sinus

Fig. 595.

—

Sagittal Section through the Skull, a little to the Left of the Median Plane
to show the arrangement of the dura mater.

The cerebral nerves are indicated by numerals.

surface of the dura mater. These project into the cranial cavity, and subdivide

it partially into compartments which all freely communicate with each other,

and each of which contains a definite subdivision of the brain. These septa are : (1)
the falx cerebri

; (2) the tentorium cerebelli
; (3) tlie falx cerebelli ; and (4) the

diaphragma sell*.

The falx cerebri is a sickle-shaped partition which descends in the great longi-

tudinal fissure between the two hemispheres of the cerebrum. In front it is narrow,
and attached to the crista galli of the ethmoid bone. As it is followed backwards
it increases in breadth, and posteriorly it is attached, along the median plane, to the

upper surface of the tentorium. The anterior narrow part of the falx is frequently

criljriform, and is sometimes perforated by apertures to such an extent that it almost
resembles lace-work. Along each border it splits into two layers, so as to enclose a

blood-sinus. Along its superior convex attached border runs the superior sagittal

sinus ; along its concave free border sometimes courses the much smaller inferior
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sagittal sinus ; whilst along its attachment to the tentorium is enclosed the straight

sinus.

The tentorium cerebelli is a large cresceutic partition of dura mater, which forms

a membranous tent-like roof for the posterior cranial fossa, and thus intervenes

between the posterior portions of the cerebral hemispheres and the cerebellum. It

is accurately a\)plied to the superior surface of the cerebellum. Thus, its highest point

is in iVoiit and in the median j)laue, and from this it slopes downwards towards its

attached border. It is ke])t at a high degree of tension, and this depends on the

integrity of the falx cerebri, which is attached to its superior aspect in the median
plane.

The posterior border of the tentorium is convex, and is attached to the hori-

zontal ridge which marks the deep surface of the occipital bone. Beyond this, on
each side, it is fixed to the postero-inferior angle of the parietal bone, and then

forwards and medially along the superior border of the petrous portion of the

temporal bone. From the internal occipital protuberance to the postero-inferior

angle of the parietal bone this border encloses the sinus transversus, whilst along
the superior border of the petrous bone it encloses the superior petrosal sinus. The
anterior border of the tentorium is sharp, free, and concave, and forms with the

dorsum sellie an oval opening shaped posteriorly like a pointed arch. This opening
receives the name of the incisura tentorii, and within it is placed the mesencephalon,
or the stalk of connexion between the parts which lie in the posterior cranial fossa

and the cerebrum. Beyond the apex of the petrous part of the temporal bone the

two margins of the tentorium cross each other like the limbs of the letter X ; the

free margin is continued forwards, to be attached to the anterior clinoid process,

whilst the attached border proceeds medially, to be fixed to the posterior clinoid

process.

The falx cerebelli is a small, sickle-shaped process of dura mater placed below
the tentorium, which projects forwards in the median plane from the internal occi-

pital crest. It occupies the notch which separates the two hemispheres of the

cerebellum posteriorly. Inferiorly it bifurcates into two small diverging ridges

which gradually fade away as they are traced forwards on each side of the foramen
magnum.

The diapliragma sellse is a small circular fold of dura mater which forms a roof

for the fossa hypophyseos. A small opening is left in its centre for the trans-

mission of the iufundibulum.

Dura Mater Spinalis.—In the vertebral canal the dura mater forms a tube which
encloses the spinal medulla, and which extends from the foramen magnum above
to tiie level of the second or third piece of the sacrum below. It is very loosely

applied to the spinal medulla and the nerve-roots which form the cauda equina ; in

other words, it is very capacious in comparison with the volume of its contents.

Moreover, its calibre is not uniform. In the cervical and lumbar regions it is

considerably wider than in the thoracic region, whilst in the sacral canal it rapidly

contracts, and finally ends by blending with the filum terminale externum, the

chief bulk of which it forms. At the superior end of the vertebral canal the spinal

dura mater is firmly fixed to the third cervical vertebra, to the epistropheus vertebra,

and around the margin of the foramen magnum. In the sacral canal the filum

terminale externum, with which it blends, extends downwards to the back of the

coccyx, to the periosteum of which it is fixed. The inferior end of the tube is thus

securely anchored and held in its place.

Within the cranial cavity the dura mater is closely adherent to the bones, and
forms for them an internal periosteum. As it is followed into the vertebral canal its

two constituent layers separate. The inner layer is carried downwards as the long

cylindrical tube which encloses the spinal medulla. The outer layer, which is much
thinner, becomes continuous behind and on each side of the foramen magnum with

the periosteum on the exterior of the cranium, whilst in front it is prolonged

downwards into the vertebral canal in connexion with the periosteum and ligaments

on the anterior wall of the canal. The spinal dura mater, therefore, corresponds to

the inner layer of the cranial dura mater, and to it alone. It is separated from the

walls of the vertebral canal by an interval, the cavum epidurale, which is occupied by
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soft fat and a plexus of thiu-walled veins. In connexion with the spinal • dura

mater there are no blood-sinuses such as are present in the cranial cavity, but it

should be noted that the veins in the epidural space, placed as they are between

the periosteum of the vertebral canal and tube of dura mater, occupy the same
morphological plane as the cranial blood-siuuses. Another feature which serves to

distinguish the spinal dura mater from the cranial dura mater consists in the fact

that it gives otf from its deep surface no partitions or septa.

The cylindrical tube of spinal dura mater does not lie quite free within the

vertebral canal. Its attachments, however, are of such a character that they

in no way interfere with the free movement of the vertebral column. On each

side the spinal nerve-roots, as they pierce the dura mater, carry with them into the

intervertebral foramina tubular sheaths of the membrane, whilst in front loose fibrous

prolongations—more numerous above and below than in the thoracic region

—

connect the tube of dura mater to the posterior longitudinal ligament of the vertebral

column. No connexion of any kind exists between the dura mater and the posterior

wall of the vertebral canal.

When the interior of the tube of spinal dura mater is inspected, the series of

apertures of exit for the roots of the spinal nerves is seen. These are ranged in

pairs opposite each intervertebral foramen.

Viewed from the inside of the tube of dura' mater, each of the two roots of a

spinal nerve is seen to carry with it a special and distinct sheath. When examined

on the outside, however, the appearance is such that one might be led to conclude

that both roots are enveloped in one sheath of dura mater. This is due to the fact

that the two sheaths are firmly held together by intervening connective tissue.

The two tubular sheaths remain distinct as 'far as the ganglion on the posterior

root, and then blend with each other.

Cavum Subdurale.—The dura mater and the arachnoid are closely applied

to each other, and the capillary interval between them is termed the subdural

space. It contains a minute quantity of fluid, which is just sufficient in amount to

moisten the opposed surfaces of the two bounding meml3ranes.

The subdural space in no way communicates with the subarachnoid space.

The fluid which it contains is led into the venous blood-sinuses around the arach-

noideal granulations (O.T. Pacchionian bodies), and thus gains exit. The subdural

space is carried outwards for a very short distance on the various nerves which are

connected with the brain and the spinal medulla, and it has a free communication

with the lymph-paths present in these nerves. In the case of the optic nerve the

sheath of dura mater is carried along its whole length, and with it the subdural

space is likewise prolonged to the back of the eyeball.

Arachnoidea.

The arachnoid is a very thin membrane, remarkable for its delicacy and trans-

parency, which envelops both the brain and the spinal medulla between the dura

mater and the pia mater. The cranial part of the arachnoid or the arachnoidea

encephali, except in the case of the longitudinal and the lateral fissures, does not

dip into the sulci on the surface of the brain. In, this respect it differs from the

pia mater. It bridges over the inequalities on the surface of the brain. Conse-

quently, on the basal aspect of the encephalon it is spread out in the form of a very

distinct sheet over the medulla oblongata, the pons, and the hollow which lies

in front of the pons, and in certain of these regions it is separated from the brain-

surface by wide intervals.

The spinal part of the arachnoid or arachnoidea spinalis, which is directly

continuous with the cranial arachnoidea, forms a loose wide investment for the

spinal medulla. This arachnoideal sac is most capacious towards its inferior part,

where it envelopes the inferior end of the spinal medulla and the collection of long

nerve-roots which constitute the cauda equina.

As the nerves, both from the brain and the spinal medulla, pass outwards they

receive an investment from the arachnoid, which runs for a short distance upon
them and then conies to an end.
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Cavum Subarachnoideale.—The iuterval between the arachnoidea and tlie

pia mater receives the name of the subarachnoid space. It contains the

cerebro-spiual duid, and communicates freely, tlirougli certain well-defined

apertures, with the ventricular cavities in the interior of the brain (aperturte

ventriculi quarti).

Within the cranium the subarachnoid space is broken up by a meshwork of fine

filaments and trabeculie, which connects the two }ioundin<; mem])ranes (viz., the

arachnoidea and tlie pia mater) in the most intimate manner, and forms a delicate

sponge-like intt'rlacement between them. Where the arachnoidea passes over the

summit of a cerebral gyrus, and is consequently closely applied to tlie sub-

jacent pia mater, the meshwork is so dense and the trabeculie so short that it is

hardly possible to discriminate between the two membranes. To all intents and
purposes they forfn in these localities one lamina. In the intervals between the

rounded margins of adjoining gyri, however, distinct angular spaces exist, where
the subarachnoid trabecular tissue can be studied to great advantage. These

Grauulutio arachiioidealis

I^icuna lateral!

Dnra iiiater

Subdural

Arachnoidea-

—

Fig. 596.

—

Diagram to show the relations of the membranes of the braiu to the cranial wall and the cerebral

gyri, and also of the arachnoideal granulations to the superior sagittal sinus and the lateral lacunae.

intervals on the surface of the cerebrum constitute numerous communicatmg
channels which serve for the free passage of the subarachnoid fluid from one part of

the brain to another. The larger branches of the arteries and veins of the brain

traverse the subarachnoid space ; their walls are directly connected with the sub-

arachnoid trabeculfe, and are bathed by subarachnoid fluid.

In certain situations within the cranium the arachnoidea is separated from the

pia mater by intervals of considerable width and extent. These expanded portions

of the subarachnoid space are termed cisternae subarachnoideales. In these the sub-

arachnoid tissue is much reduced. There is no longer a close meshwork ; the

trabecuke connecting the two bounding membranes take the form of long fila-

mentous intersecting threads which traverse the spaces. All the subarachnoid

cisterns communicate in the freest manner with each other and also with the

narrow channels on the surface of the cerebrum.

Certain of these cisterns require special mention. The largest and most con-

spicuous is the cistema cerebellomedullaris. It is formed by the arachnoid

membrane bridging over the wide interval between the posterior part of the

inferior surface of the cerebellum and the medulla oblongata. It is continuous
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5Iembba>-es of the Splsal Medulla, ant) the mode of

OpaGEN" OF THE SPINAL XeBVES.

through the foramen magnum with the posterior part of the wide subarachnoid
space of the spinal medulla.

The cistema pontis is the continuation upwards on the floor of the cranium of
the anterior part of the subarachnoid space of the spinal medulla. In the reo-ion

of the medulla oblongata it is continuous behind with the cisterna cerebello-
medullaris, so that this subdivision of the brain, like the spinal medulla, is

surrounded bv a wide sub-

arachnoid space.

In front of the pons the
arachnoidea bridges across

between the projecting
temporal lobes, and covers

in the deep hollow in this

region of the brain. This
space is called the cistema
interpeduncularis, and with-

in it are placed the large

arteries which take part in

the formation of the arterial

circle (of WiUis). Leading
out from the interpedun-
cular cistern there are
certain wide subarachnoid
channels. Two of these are

prolonged into the lateral

fissures, and in these are

accommodated the middle
cerebral arteries. Anteriorly

the interpeduncular cistern

passes into a space in front

of the optic chiasma (cisterna chiasmatis), and from this it is continued into the

longitudinal fissure above the corpus callosum. In this subarachnoid passage the

anterior cerebral arteries are lodged.

The spinal part of the subarachnoid space is a very wide interval which is

partially subdivided into compartments by three incomplete septa. One of these

is a median X-'artition called the septum posterius, which connects the pia mater
covering the posterior aspect of the spinal medulla with the arachnoid. In the upper

part of the cervical region the septum posterius is imperfect, and is represented

merely by some strands passing between the two membranes ; in the inferior

part of the cervical region and in the thoracic region it becomes more com-
plete. The other two septa are formed by the ligiamenta denticulata which spread

laterally one from each side of the sj^inal medulla. These will be described with

the pia mater.

Granulationes Arachnoideales.—When the surface of the dura mater is

inspected after the removal of the calvaria', a number of small fleshy -looking

excrescences, jJtirplish-red in colour, are seen ranged in clusters on each side of the

superior sagittal sinus, and when this sinus is ojjened they are also observed protrud-

ing in considerable numbers into its interior. These are the arachnoideal granu-

lations '^O.T. Pacchionian bodies), and they are found also, in smaller numbers and
distinctly smaller size, in connexion with other blood-sinuses, such as the transverse

sinus, the straight sinus, and the cavernous sinus. At first sight they appear to

belong to the dura mater, but in reality they are projections from the arachnoid.

In the child they are exceedingly small and rudimentary, and it is only as life

advances that they become large and conspicuous.

Each granulation is a bulbous protrusion of the arachnoid. It is attached to

the arachnoid by a narrow pedicle, and into its interior there is prolonged, through

this j)edicle, a continuation of the subarachnoid space and its characteristic mesh-
work. The granulations do not pierce the dura mater. As they push their way
into a blood-sinus they carry before them a thin covering continuous with the
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sinus wall. Ou each side of the superior sagittal sinus there is a number of

irregular spaces in the dura mater which communicate vnth the sinus either bv

a small aperture or a narrow channel. These spaces are called the lacniue laterales,

and certain of the meningeal veins and some of the diploic veins open into them.

Granulations push themselves into the lateral lacunae from below in such a manner
that they receive a complete covering from the layer of dura mater which forms

the sinus floor. Nor does the bone escape. As the granulations enlarge they

cause absorption of the cranial wall, and small pits are hollowed out on its internal

surface for their reception. It must be clearly understood, however, thac in such

cases the granulation is separated from the bone by the following :—(1; A con-

tinuation round the granulation of the subdural space
; (2) the thinned floor of

the lateral lacuna
; (3) the lumen of the sinus ; and (4) the greatly thinned upper

wall of the sinus.

The granulations have a special function to perform. Through them fluid can

pass from the subarachnoid space into the venous sinuses with which they stand

in connexion. Whenever the pressure of blood in the sinuses is lower than that

of the fluid in the subarachnoid space and the ventricles of the brain, the cerebro-

Granul.itione>

;^^^^

Fig. 598.

—

Medun Section through the Cranial Vault in the Frontal Region. Eslarokd.
Displays a portion of the superior sagittal sinus and the arachnoideal gi-anulations protra<iing into it.

spinal fluid filtrates through the granulations into the blood-sinuses. This is not

the only way that subarachnoid fluid may obtain exit. The subarachnoid space

is carried outwards for a short distance on the nerves in connexion with their

arachnoideal sheaths, and communicates with the lymph channels of the nerves.

This connexion is more complete in the case of the oKactory, the optic, and
the acoustic nerves than in other nerves. A very free communication is said to

exist between the subarachnoid space and the lymph-vessels of the nasal mucous
membrane.

The Pia Mater.

The pia mater forms the immediate investment of the brain and spinal

medulla. It is a delicate and very vascular membrane.
Pia Mater Encephali.—The pia mater which covers the brain is finer and

more delicate than that which clothes the spinal medulla. It follows closely all

the inequalities on the surface of the brain, and in the case of the hemisphere

it dips into each sulcus in the form of a fold which lines it completely. On the

cerebellum the relation is not so intimate ; it is only into the larger fissures that it

penetrates in the form of folds.

The larger blood-vessels of the brain lie in the subarachnoid space. The finer

twigs ramify in the pia mater before they proceed into the substance of the brain.

As they enter they carry with them sheaths derived from the pia mater. When
a portion of the membrane is raised from the surface of the encephalon, numerous
fine processes are withdrawn from the cerebral surface. These are the blood-vessels

with their sheaths, and they give the deep surface of the pia mater a rough and

flocculent appearance.

As the pia mater is carried over the inferior part of the roof or posterior wall

of the fourth ventricle of the brain it receives the name of the tela chorioidea

44
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ventriculi quarti, and it is in connexion with this portion of the pia mater that the
chorioid plexuses of that cavity are developed. The tela chorioidea ventriculi tertii

(O.T. velum interpositum) is a fold of pia mater which is invaginated into the brain,

so that it comes to lie over the third ventricle and to project, in the shape of chorioid
plexuses, into the lateral ventricles. This invagination requires special notice.

The tela chorioidea ventriculi tertii (O.T. velum interpositum) is a double layer

or fold of pia mater which intervenes between the body of the fornix, which lies

above it, and the epitheHal roof of the third ventricle and the two thalami,
which he below it. Between its two layers are blood-vessels, and some subarachnoid

trabecular tissue. In shape the
~

thf chorioid tela of the third

ventricle is triangular, and the

narrow anterior end or apex
reaches forwards as far as the

interventricular foramina. The
base lies under the splenium of

the corpus callosum, and here

the two layers of the tela separate

and become continuous with the

investing pia mater on the sur-

face of the brain by passing out
Thalamus through a clcft Called the trans-

Chorioid tela of third VCrSC fiSSUie.
"^''"*"'^^® Along each margin the tela

Vena interna cerebri chorioidea of the third vcntricle

Chorioid plexus of IS bordcrcd by the chorioid
lateral ventricle plexus of the Central part of

the lateral ventricle, which pro-

jects into the ventricular cavity

from under cover of the free

margin of the fornix. It

should be borne in mind that

the epithelial hning of the ven-

tricle gives a complete covering

to the chorioid plexus. Pos-

teriorly the chorioid plexus is

Fig. 599.

—

Dissection to show the Choeioid Tela of the continuous with the similar

structure in the inferior horn of

the ventricle, whilst in front it

narrows greatly, and becomes continuous across the median plane with the corre-

sponding plexus of the opposite side, behind the epithelial layer which lines

the interventricular foramen. From this median junction two much smaller

chorioid plexuses run backwards on the under surface of the tela chorioidea,

and project downwards into the third ventricle. These are the chorioid plexuses

of the third ventricle.

The most conspicuous blood-vessels in the tela chorioidea are the two internal

cerebral veins, which run backwards, one on each side of the median plane. In
frctnt, each is formed at the apex of the fold by the union of the vena terminalis

and a large vein issuing from the chorioid plexus ; behind, they unite to form
the vena cerebri magna [Galeni], and this pours its blood into the anterior end of

the straight sinus (Fig. 599, p. 674).

The continuous cleft in the brain through which the chorioid tela of the

third ventricle and the chorioid plexuses of the inferior horns of the two
lateral ventricles are introduced into the interior of the brain is sometimes
called the transverse fissure. It consists of a superior intermediate part and
two lateral parts. The former passes forwards between the corpus callosum and
the fornix above and the roof of the third ventricle and the thalami below.

It is limited on each side by the epithelial covering ' of the chorioid plexuses,

which shuts out these structures from the cavity of the lateral ventricles. The

Hippocampal
commissure

Crura of fornix
surface)

Body of fornix (thrown
backwards)

TniftD Ventricle, and the Parts in immediate Eela-
TioN to it.
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lateral part is the chorioidal fissure. This is continuous with the intermediate

part, and has already been described in connexion with the inferior horn of the

lateral ventricle (]). 636).

Pia Mater Spinalis.—The pia mater of the spinal medulla is thicker and

denser than that of the brain. This is largely due to the addition of an outside

fibrous layer, in wliich the fibres run chiefly in the longitudinal direction. The
pia mater is very firmly adherent to the surface of the spinal medulla, and in

front it sends a fold into the aulerior-median fissure of the spinal medulla. The
posterior median septum is likewise firmly attached to its deep surface. In front

of the anterior-median fissure of the spinal medulla the pia mater is thickened in

the form of a longitudinal glistening band, termed the linea splendens, which runs

along the whole length of the spinal medulla, and blends with the filum terminale

below. The blood-vessels of the spinal medulla lie between the two layers of the

pia mater.

The nerves which leave both the brain and spinal medulla receive closely
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Fig. 600.

—

Diagram of a Frontal Section across the Chorioid Tela of the Third Ventricle.

applied sheaths from the pia mater. These blend with the connective-tissue sheaths

of the nerves.

The ligamentum denticulatum is a strong fibrous band which stretches out like

a wing from the pia mater on each side of the spinal medulla, so as to connect

the pia mater with the dura mater. The pial or medial attachment of the ligament

extends in a continuous line between the anterior and posterior nerve-roots, from

the level of the foramen magnum above to the level of the first lumbar vertebra

below. Its lateral margin is serrated or denticulated, and for the most part free.

From twenty to twenty-two denticulations may be recognised. They occur in the

intervals between the spinal nerves, and, pushing the arachnoid before them, they

are attached by their pointed ends to the inner surface of the dura mater. The
ligamenta denticulata partially subdivide the wide subarachnoid space in the

vertebral canal into an anterior and a posterior compartment. The anterior

nerve -roots traverse the anterior compartment, whilst the posterior nerve-

roots traverse the posterior compartment. Further, the posterior compartment

is imperfectly subdivided into a right and a left half by the septum posterius.

By means of the ligamenta denticulata the spinal medulla is suspended in the

middle of the tube of dura mater.
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THE PERIPHERAL NERVES AND THE SYMPATHETIC
SYSTEM.

By A. Melville Paterson, M.D., F.R.C.S.

Professor of Anatomy in the University of Liverpool.

The nervous mechanism comprised under this title is responsible for the trans-

mission of peripheral impulses to the brain and spinal medulla, through afferent

nerves, and for the distribution of central impulses to peripheral structures through

efferent nerves. The peripheral nerves are at the outset divisible into two series :

—

Posterior root

Ligamentum denticulatum

^_^^^^^^^^^ Anterior root

Dura lnate^

Posterior root
. Anterior root

Fila radicularia of anterior root

'_ Ligamentum denticulatum

Arachnoid

Posterior ramus

Anterior ramus

Pia mater

— Posterior root

Spinal ganglion

Postertor ramus

Anterior ramus

Anterior root

iiial medulla

Pig. 601. -Scheme of the Aruangement ok the Membranes of thk Spinal Medulla and
THE Roots ok the Spinal Xekves.

cerebral nerves, derived from or associated with the brain ; and spinal nerves,

in relation to the spinal medulla. Associated with the cerebro-spinal nerves is the

sympathetic system. The animal body is naturally divided into two different

areas or regions, the somatic area, forming the body wall and the associated limbs,

innervated by the larger (somatic) parts of the spinal nerves ; and the splanchnic

6Z7
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area, comprising the chief viscera ; this area is governed by the sympathetic system,
subordinate to and controlled by its connexions with the splanchnic or visceral

branches of the spinal nerves.

The cerebral nerves are twelve in number (see note, p. 798), arranged in

pairs ; they present striking differences in origin, in distribution, and in functions.

Number.
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splanchnic system serves to^coUect and transmit to the spinal medulla impulses from the

viscera, and to distribute efferent fibres to vessels in the splanchnic area, and to glands
and involuntarv niuscle-Hbres.

DEVELOPMENT OF THE PERIPHERAL NERVES AND
SYMPATHETIC SYSTEM.

1~)EVEI,0PMENT OF THE SpINAL NeRVES.

L Origin of the Spinal Nerve Roots.—The process of development of the spinal

nerves commences by means of the outgrowth of posterior and anterior roots from the

medullary tube. The two roots take origin in |);urs in quite diHerent ways.

Fig. 602.

—

Development ok the Spinal Nerves.

A, Formation of nerve roots.

D.R, Po.sterior root. Al.C, Alimentary canal.

V.R, Anterior root.

N.T, Neural tube.

No, Notochord.

C, Formation of nerves.

So, Somatic division.

Vi, Visceral branch.

P, Posterior ramus.

Ao, Aorta.

V, Cardinal vein.

M.P, Muscle plate.

D, E, Formation of subordinate

branches.

Lat, Lateral, and
Ant, Anterior, branches.

B, Formation of nerve trunk (N).

D.G, Spinal ganglion.

Sy, Sympathetic trunk.

W.D, Wolffian duct.

Co, Coelom.

F, Formation of ner\'e trunks in relation

to the limb : dorsal and ventral

trunks corresponding to lateral and
anterior trunks in D and E.

The posterior root is the first to appear,—before, during, or after the union of the

medullary plates and the formation of the neural tube.

It takes origin as a ganglionic crest, forming a continuous lateral unsegmented

band, on the dorsal surface of the medullary tube. It may arise in one of three ways

:

(1) from the junction of the medullary plate and surface epiblast, before the closure of

the medullary groove
; (2) from a neural crest, a median ridge on the dorsum of the

completed tube; or (3) as a direct outgrowth from the dorsal surface of the medullary

tube. The ganglionic crest becomes completely separated from the medullary tube, and

secondarily its cells (neuroblasts) rapidly become spindle-shaped, and by the end of the

fourth week give rise to two sets of processes : (1) a central series, which grow centrally

4Ah
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and are secondarily connected with the dorso-lateral aspect of the medullary tube as the

fibres of the posterior root ; and (2) a peripheral series, which constitute the posterior

root-fibres of the spinal nerve and join the anterior root, to form the spinal nerve proper.

It is only after the appearance of these nerve-fibres that the ganglionic crest becomes
notched along its peripheral border, and it is gradually divided up to form the individual

segmental spinal ganglia.

The anterior root of a spinal nerve arises in quite a different way, from cells (neuro-

blasts) in the substance of the medullary tube. In the account of the development of the

spinal medulla it has been shown how the cellular constituents of the medullary tube

are converted into two classes of cells : (1) spongioblasts, which produce the matrix

(neuroglia) of the spinal medulla ; and (2) neuroblasts, which produce the nerve-cells

of the gray matter of the spinal medulla. The neuroblasts give rise to the axis-

cylinder processes or axons, which, penetrating the spongy tissue of the medullary tube

and the outer limiting membrane, find their way into the mesodermic tissue on the

ventro-lateral surface of the tube. Fibrillar from their earliest origin and derived from

nerve-cells which remain within the medullary tube, the axons of the anterior root become
surrounded by mesodermic cells immediately on their emergence, which give rise to the

sheaths of the nerve. The anterior root is a little later in its date of appearance than

the posterior root. It begins to be evident at the twenty-fourth day and is completely

formed by the twenty-eighth day.

II. Formation of the Spinal Nerve.—The fibres of the posterior root ganglion and

the anterior root grow by extension from the cells with which they are respectively con-

nected, and meet in the space between the myotome and the side of the medullary tube

to form the spinal nerve. In the adult there is a fundamental division of the spinal

nerve into posterior and anterior rami. In the process of development this separation is

even more obvious. As the fibres of the posterior and anterior roots approximate, they

separate at the same time each into two unequal portions : the smaller parts of the

two roots unite together to form the posterior ramus, and the larger parts unite to form

the anterior ramus of the spinal nerve.

The posterior ramus, curving laterally and dorsally, passes through the myotome
and is connected with it. In the substance of the myotome it separates into branches

as it proceeds towards the dorsal wall of the embryo. At a later stage, the branches

are definitely arranged into a lateral and a medial series.

The anterior ramus grows gradually in a ventral direction to reach the somato-

splanchnopleuric angle, under cover of the growing myotome. It spreads out at its

distal end and eventually separates into two portions : a smaller, splanchnic, or visceral

;

and a larger, somatic, or parietal portion. (1) The smaller, splanchnic, or visceral portion

grows inwards, dorsal to the Wolffian ridge, to be connected through the sympathetic trunk

with the innervation of organs in the splanchnic area. This, branch of the spinal nerve

becomes the white ramus communicans of the sympathetic. It is not present in the case

of all the spinal nerves, but only in relation to the thoracic and upper lumbar and the

third and second or fourth sacral nerves. It will be referred to again in connexion with

the sympathetic system. (2) The larger, somatic, or parietal portion becomes the

main part of the anterior ramus of the nerve. It continues the original ventral

course of the nerve, and, reaching the body wall, subdivides into two terminal branches

—

a lateral branch, which grows laterally and downwards and reaches the lateral aspect

of the tnink, after piercing the myotome ; and a ventral or anterior branch, which grows

onwards in the body wall to reach the ventral axis. This arrangement is met with in

the trunk between the limbs and in the neck.

III. Formation of Limb-plexuses.—Tlie method of growth of the spinal nerves,

just described, is modified in the regions where the limbs are developed. In relation to

the limbs, which exist in the form of buds of undifferentiated cellular mesoblast before

the spinal nerves have any connexion with them, the development of the anterior ramus

of the nerve proceeds exactly in the way described, up to the point of formation of

somatic and splanchnic branches. The somatic branches then stream out into the

limb bud, passing into it below the ends of the myotomes and spreading out into a

bundle of fibres at the basal attachment of the limb. Later, the nerves separate, each

into a pair of definite tnmks, which are named posterior or dorsal and anterior or ventral,

and which, dividing round a central core of mesoderm, proceed to the dorsal and ventral

surfaces respectively of the limb bud. While this process is going on, a secondary tmion

takes place between parts of adjacent dorsal and ventral trunks. Dorsal trunks unite

with dorsal trunks, ventral trunks unite with ventral trunks, to form the nerves distri-

buted ultimately to the surfaces and periphery of the limb. These dorsal and ventral
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trunks are homologous with the lateral and ventral branches of the somatic nerves in

otlier regions.

DEVELOPMENT oK TlIK SVMI'ATHETIC SYSTEM.

J^-s^ • "r- :/

0/M

There are two contiicting views of the mode of development of the sympathetic
system.

In birds and mammals the first rudiment of the sympathetic trunk occurs in the
formation of a longitudinal unsegmented column of mesoderniic cells (which stain more
deeply than the mesoderm in which they lie) on each side of the aorta, and coterminous
with it. This column of cells becomes joined at an early stage by the visceral branches
of the spinal nerves which grow inwards from the main nerve trunks into the splanchnic area,

and result from the division of the nerve into

somatic and visceral parts. These visceral

branches constitute the white rami communi-
cantes. They receive contributions usually from
both posterior and anterior roots, and gradually

approaching the above-mentioned column of

mesodermic cells, they become intimately associ-

ated with the cells. In some cases fibres of the

visceral nerves pass over the cellular column
into the splanchnic area without connexion with

it (Fig. 603). By the junction of these visceral

nerves with the cells of the column, certain

cells persist and produce the ganglia. The in-

tervening portions of the column, by changes in

the cells, and by the addition of fibres belonging

to the visceral nerves, give rise to the con-

necting cords. The cellular column, besides

producing the gangliated trunk, by the further

growth of its cells and their extension centrally

and peripherally, produces the gray rami com
mnnicantes, parts of the peripheral branches,

and the peripheral (collateral and terminal)

ganglia, as well as the medullary portion of the

suprarenal gland. The cervical, lower lumbar,

and sacral portions of the sympathetic gangliated

trunk are secondary extensions from the primitive

trunk, gradually growing upwards and downwards
along the main vessels. These portions of the

system are not provided with white rami com-
municantes. The ganglia of the sympathetic
assume their segmented appearance (1) from the

persistence of the primitive cells and their con-

nexion with the spinal nerves by means of the

white and gray rami communicantes, and (2)

from the way in which the primitive column is

moulded by the surrounding structures (bones,

segmentiil arteries, etc.).

In another account of the development of

the sympathetic system (Onodi), the gangliated trunk is described as an outgrowth of

the thoracic spinal ganglia of the spinal nerves. It is said that each ganglion gives oft'

a bud at its inferior end, which, growing inwards into the splanchnic area, becomes

attached to the trunk of the spinal nerve just beyond the union of the posterior and

anterior roots. The bud still extending inwards into the splanchnic area, remains

associated with the nerve by an attenuated stalk. These buds, it is said, become the

ganglia, which, after reaching their permanent place in the splanchnic area, are sup-

posed to grow upwards and downwards so as to coalesce and form a beaded chain of

ganglia. The stalks connecting the ganglia with the spinal nerves become the white

rami communicantes. This mode of development does not satisfactorily account for

several important features of the sympathetic system—the development of those parts

of the gangliated trunk which possess no white rami, the absence of a truly segmental

character in the trunk, and the constancy of its continuity. No instance is recorded

Flu. t)0o.

—

The Develop.ment ok the
Sympathetic Gangliated Trunk.

Sy, Sympathetic trunk ; Spl, Splauchnic branches

of spinal nerves (white rami conirauni-

cantes) ; V.S, Vertebral segments ; D.G,

Spinal ganglia.
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of a hiatus between two ganglia. It is, on the other hand, an attractive view, as it

ascribes to one germinal layer (ectoderm) the formation of all the elements of the nervous
system, and it brings the sympathetic ganglia into serial homology with the isolated

ganglia—ciliary, spheno-palatine, and otic—associated with the trunks of the trigeminal

cerebral nerve.

THE DEVELOPMENT OF THE CEREBRAL NERVES.

The cerebral nerves are divisible morphologically into three series :—(1) those

associated with sense organs—the first or olfactory, second or optic, and eighth or

acoustic; (2) those connected with the embryonic branchial arches—the fifth

or trigeminal, seventh or facial, ninth, tenth, and eleventh, glossopharyngeal,

vagus, aud accessory ; and (3) motor nerves distributed to muscles derived from
cephalic myotomes—the third or oculomotor, fourth or trochlear, sixth or abducent,
and twelfth or hypoglossal

Omitting the olfactory and optic nerves, which are special vesicular outgrowths
of the brain itself, it is possible to trace a distinct homology in the process of

development of the other cerebral and the spinal nerves. In the primitive brain the
gray matter is arranged into Alar and Basal Laminae (His), comparable to the
postero-lateral and anterior areas of gray matter (columns) of the spinal medulla.

Further, the basal lamina may be split up into lateral and medial areas.

The origin of the third, fourth, sixth, and twelfth cerebral nerves—all motor
efferent nerves—is from the medial part of the basal lamina of the primitive brain,

in serial homology with the anterior efferent roots of the spinal nerves.

The efferent motor roots of the fifth, seventh, ninth, tenth, and eleventh nerves
arise from the lateral part of the basal lamina, and so may be differentiated from
the preceding series.

The afferent sensory roots of the fifth, seventh (nervus intermedins), eighth,

ninth, and tenth nerves are homologous with the posterior roots of the spinal nerves.

They are all gangliated, and are connected with the alar lamina of the brain.

I. The olfactory nerves are associated in their development with the formation of

the olfactory pit and the olfactory bulb.

The olfactory pits appear on each side of the front of the head at a little later period

than the formation of the lens and the auditory vesiele. They become converted into the

nasal cavities by the formation of the pre-oral visceral clefts and arches,—fronto-nasal

and ethmo-vomerine in the median plane, and lateral ethmoid and maxillary processes at

the sides (p. 49).

The RMnenceplialon or olfactory bulh is a hollow oiitgrowth from each telencephalon

or cerebral hemisphere, and appears in the first month. It grows forwards into relation

with the deep surface of the nasal pit. In many animals (as in the horse) the olfactory

bulb remains hollow ; but in the human subject it loses its lumen and becomes a solid

bulb (olfactory bulb) connected to the brain by a narrow stalk, the olfactory tract.

The epithelium of the olfactory pit is responsible for the formation of the olfactory nerves.

There are two views as to the mode of their development from the epithelial cells. Both
views admit the proliferation of the epithelium of the nasal pit so as to produce neuroblasts.

According to the one view these neuroblasts detach themselves from the epithelial surface,

and constitute an olfactory ganglion which becomes applied to and incorporated with the

olfactory bulb. The cells of the ganglion become bi-polar, and the peripheral axons
constitute the olfactory nerves, while the central axons (in the second month) proceed back-

wards to the brain along the olfactory tract. According to the other view (based on Disse's

investigations), the proliferating cells of the nasal epithelium remain in the wall of the

nasal pit, and become the olfactory cells of the nasal cavity, with peripheral processes

projecting to the surface of the epithelium. Their central axons become the olfactory

nerve fibres which end in the olfactory bulb, forming dendrites associated with the dendritic

processes of the nerve-cells of the bulb. The central axons of these latter cells develop
into the fibres of the olfactory tract (see p. 622).

II. The optic nerve is developed wholly from the brain. Its formation begins with
the outgrowth of the optic vesicle, a paired hollow outgrowth from the ventral surface of

the diencephalon. The ectodermic invagination of the lens, growing inwards from the

surface of the head, causes the collapse of the vesicle and its conversion into the optic
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cup, the narrow tube connecting the vesicle to the brain becoming the optic stalk. This
stalk becomes solid, and forms the basis of the optic tract, optic chia.sma, and optic
nerve. The optic cup, bilaminar in form, and by its edge clasping the lens, is imbedded
in mesodermic tissue, which gives rise to the envelopes of the eyeball, etc. The outer
layer of the optic cup produces the layer of hexagonal pigment cells of the retina. The
cells of the inner layer produce the tissues of the retina proper. They form neuroblasts
with peripheral and central processes. The peripheral processes are converted into retinal
nerve tissues

; the central processes extend backwards along the optic stalk, and give rise

to the optic nerve, optic chiasma, and optic tract. Spongioblasts in the iinier lamina
of the optic cup produce the sustentacular tissue of the retina (MuUer's fibres). The
mesodermic tissue surrounding the optic cup and lens gives rise to the rest of the structure
of the eyeball, the formation of which is described in the section which deals with the
organs of .sense.

in. The oculomotor nerve arises, like the ventral root of a spinal nerve, from a
group of neuroblasts in the medial part of tKe basal lamina of the mid -brain. The
peripheral fibres extend forwards, to end around the optic cup in the mesodermic tissue,

from which the eye muscles are derived. Numerous cells are carried along with the cell

processes in their course, and these have been described as being concerned in the
formation of the ciliary (janglion.

IV. The trochlear nerve also arises from a group of neuroblasts occupying the
medial part of the basal lamina of the mid-brain, close to its junction with the hind-brain.

The peripheral processes do not emerge directly from the brain, but extend dorsally from
their origin along the side of the brain to its dorsal aspect, where they appear, after

decussating with the fibres of the opposite nerve, just behind the quadrigeminal lamina.
V. The trigeminal nerve is developed by means of a large posterior and a small

anterior root. Their origin to a large extent resembles the mode of formation of the
roots of a spinal nerve.

The large posterior (afferent) root is formed by means of a cellular bud from the alar

lamina of the hind -brain. This bud separates from the brain, and forms the semi-
lunar ganglion. Its cells becoming bipolar, like the cells of a spinal ganglion, are
secondarily connected with the brain by means of their central processes ; while the
peripheral processes, separating into three groups, proceed along the fronto-nasal and
maxillary processes, and along the mandibular arch, to form the three main divisions of

the nerve. ' Numerous cells accompany each main division in its course from the ganglion,
and form eventually the subordinate ganglia—the ciliary on the ophthalmic nerve, the
spheno-palatine on the maxillary nerve, and the otic ganglion on the mandibular nerve.

The small anterior (efferent) root of the trigeminal nerve, like the motor anterior root

of a spinal ner\-e, is later in its appearance than the sensory root. It arises as the peri-

pheral fibres of a group of neuroblasts occupying the lateral part of the basal lamina of

the hind-brain, which proceed directly to the surface to join the mandibular division of

the nerve.

VI. The abducens nerve resembles in its mode of development the oculomotor
and trochlear nerves with which in its origin it is in series. It is formed by the peripheral

processes of a group of neuroblasts in the medial part of the basal lamina in the upper
part of the hind-brain. These processes pierce the part of the brain in which, at a later

stage, the fibres of the pyramid are developed. They then proceed to the mesodermic
tissue round the optic cup, which is destined to form the eye muscles.

VII. The facial nerve has developmentally a double origin. (1) In connexion with

the formation of the acoustic nerve a group of cells becomes separated from the alar

lamina of the hind-brain opposite the auditory vesicle. This group becomes separated

into three parts, of which the middle portion is the rudiment of the genicular ganglion

which becomes incorporated with the efferent part of the facial nerve, and is connected to

the brain by a slender root, known as the nervus intennedius (O.T. pars intermedia).

(2) The efferent root of the nerve arises from a group of neuroblasts in the lateral part

of the basal lamina of the hind-brain, in series with efferent fibres of the vago-glosso-

pharyngeal nerves ; after a tortuous course within the brain its fibres emerge beneath
the above-mentioned cellular mass, opposite the auditory vesicle. They are joined by the

ganglionic root, and in their course round the auditory vesicle become imbedded in the

auditory capsule (canalis facialis). The chorda tympani nerve appears early as a branch
of the facial nerve. It is probable that the nervus intermedins, the genicular ganglion,

and the chorda tympani nerve together represent the posterior afferent element in

the constitution of this nerve.

VIII. The acoustic nerve arises as a cellular bud from the alar lamina of the hind-
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brain, dorsal to the efferent portion of the facial nerve, opposite to the auditory vesicle,

and in close association with it.

Becoming separated from the brain, the cellular mass separates into three portions, of

which the intermediate part is associated with the facial nerve and intei'mediate nerve (as

the genicular ganglion), while the medial and lateral parts are converted into the medial

(vestibular) and lateral (cochlear) ganglia and the roots of the acoustic nerve. The cells

becoming bipolar, their central processes are secondarily connected with the brain on
the dorsal (lateral) aspect of the facial nerve ; the peripheral processes proceed to the

auditory vesicle, to which they are distributed as the vestibular and cochlear nerves.

Numerous cells are carried along with the nerve trunks into relation with the auditory

capsule, and constitute the vestibular and cochlear ganglia.

IX. and X. The glossopharyngeal and vagus nerves are developed from the

side of the hind-brain, both in the same way, and each by two roots. A collection of

cells separates itself from the alar lamina of the hind-brain behind the auditory vesicle to

form the ganglionic afferent root. The ganglion of the vagus is much larger than that

of the glossopharyngeal. Each ganglion becomes divided into two parts, a proximal and a

distal portion, connected together by a commissural band of fibres. The proximal ganglion

(superior ganglion of the glossopharyngeal; jugular ganglion of the vagus) is secondarily

connected by centripetal fibres to the hind-brain. From the distal ganglion (petrous

f ANTERIOR ROOT
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Fig. 604.

—

Comparison of Origins of Nerve Roots from Spinal Medulla and Hind-Brain (after His).

A. Spinal medulla ; B. Hind-brain.

ganglion of the glossopharyngeal
;

ganglion nodosum of the vagus) peripheral fibres

grow outwards to form the nerve trunk.

Each nerve is also provided with a small efferent root, consisting of nerve fibres,

arising from a collection of neuroblasts in the lateral part of the basal lamina of the hind-

brain, and emerging beneath the ganglionic root at the junction of the alar and basal

laminte (in series with the fibres of the efferent root of the facial nerve above and of the

accessory nerve below).

XI. The accessory nerve arises in two parts—one medullary, the other spinal.

The medullary (accessory) portion develops as the processes of a series of neuroblasts in

the lateral portion of the basal lamina of the hind-brain, which emerge in series with the

efferent roots of the glossopharyngeal and vagus nerves. The spinal portion arises

as the processes of a group of neuroblasts in the anterior part of the medullary tube

(anterior column), which, turning outwards, emerge as a series of roots on the lateral aspect

of the spinal medulla.

XII. The hypoglossal nerve is developed, not in series with the nerves above

mentioned, but like the third, fourth, and sixth nerves, from the medial part of the basal

lamina of the hind-brain, in the space between the glossopharyngeal and other nerves

above, and the first cervical nerve below. It is formed as a series of peripheral processes

from a collection of neuroblasts occupying the hind -brain. Froriep's ganglion is a

transitory collection of nerve cells developed from the alar lamina of the hind-brain on

the dorsal aspect of the nerve, and represents in a rudimentary condition its posterior

ganglionic root. The ganglion gives off no branches and soon disappears.
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I

DESCRIPTION OF THE PERIPHERAL NERVES AND
SYMPATHETIC SYSTEM.

\. The Spinal Nerves.

Origin of the Spinal Nerves. —Each spinal nerve is attached to the spinal

medulla by two roots, culled respectively posterior

(dorsal, afferent) and anterior (ventral, efferent).

The posterior root is larger than the anterior

root ; it contains a larger number of radicular fibres,

and the individual fibres are of larger size than in

the anterior root. It has a vertical linear attach-

ment to the poster© -lateral sulcus of the spinal

medulla. The fibres of contiguous posterior roots are

in close relation, and, in some instances, overlap.

The posterior root separates, as it passes away from

the spinal medulla, into two bundles, both of which
become connected with the proximal end of a spinal

ganglion. From the distal end of this ganglion the

posterior root proceeds to its junction with the

anterior root in the intervertebral foramen.

The spinal ganglia are found on the posterior

roots of all the spinal nerves. (In the case of the

first cervical or sub-occipital nerve, the spinal ganglion

may be rudimentary or absent ; and the posterior root

itself may be wanting, or derived from the accessory

nerve.) They occupy the intervertebral foramina,

except in the case of the sacral and coccygeal nerves,

the ganglia of which lie within the vertebral canal

;

and the first and second cervical nerves, the ganglia

of which lie upon the vertebral arches of the atlas

and epistropheus respectively. With the exception

of the coccygeal ganglia they are outside the cavity

of the dura mater, but are invested by the mem-
brane. The ganglia are of ovoid form, bifurcated in

some cases at their proximal ends. They consist of

unipolar nerve-cells, whose axons, after a very short

course, divide into central (root) and peripheral

(trunk) fibres. The central fibres form the portion

of the root entering the spinal medulla ; the peri-

pheral fibres are continued in a lateral direction

from the ganglion into the spinal nerve.

Ganglia Aberrantia (aberrant spinal ganglia).—Between
the spinal ganglion and the spinal medulla small collections

of cells are occasionally found on the posterior roots, either as

scattered cells or distinct ganglia. They are most frequently
met with on the posterior roots of the lumbar and sacral

nerves.

The anterior root is smaller than the posterior

root. It arises from the anterior surface of the spinal

medulla {anterior root zone) by means of scattered

bundles of nerve-fibres, which occupy a greater hori-

zontal area and are more irregular in their arrange-

ment than the radicular fibres of the posterior root.

It possesses no ganglion in its course. The rootlets

sometimes overlap, and are not infrequently con-

nected with neighbouring radicular fibres above and
below.

The dorsal and ventral roots, from their attachment to the spinal meduUa, proceed

Fig. 605.
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Diagrammatic Reprb-
sentatiox ok the origin of the
Spinal Nerves, showing the posi-

tion of their roots and ganglia re-

spectively in relation to the vertebral

column. The nerves are shown as

thick black lines on the left side.
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laterally in the vertebral canal towards the intervertebral foramina, where they

unite to form the spinal nerve. The direction of the roots of the first two nerves

is upwards and laterally ; the roots of the remaining nerves course obliquely

downwards and laterally, the obliquity gradually increasing until, in the case of

the lower lumbar, the sacral and coccygeal nerve-roots, their course is vertically

downwards in the vertebral canal. The collection of nerve -roots which occupies

the lower part of the canal, below the first lumbar vertebra, and comprises all the

nerve-roots below those of the first lumbar nerve, is designated the cauda equina.

They arise from the lumbar enlargement and conus medullaris, and surround the

tilum terminale of the spinal medulla.

Within the vertebral canal the nerve-roots are in relation with the meninges of

the spinal medulla, and are separated from one another by the ligamentum denticu-

latum, and, in the neck, by the spinal part of the accessory nerve. Each receives a

covering of pia mater, continuous with the neurilemma; the arachnoid invests

Posterior column of spiual medulla
Posterior nerve-root

Anterior nerve-root |

Spinal ganglion I i [.

Posterior ramus (medial branch)

Anterior column of spinal medulla

Posterior ramus >^
Posterior ramus (lateral branch) >!![

rrent meningeal branch (uniting with a sympathetic branch) ^i^]]^^^
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Liunicans) J^^^*'^^^''^-
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Cardinal vein

Mesentery
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The Origin and Distribution of a Typical Spinal Nerve.

each root as far as the point where it meets with the dura mater ; and each root

pierces the dura mater separately. The two roots are thereafter enclosed in a

single tubular sheath of dura mater, in which is included the spinal ganglion of

the posterior root. The spinal nerve thus ensheathed occupies the intervertebral

foramen (except the first two cervical and the sacral and coccygeal nerves).

Divisions of a Spinal Nerve.—After emerging from the intervertebral foramen
the nerve immediately divides into two primary divisions, named respectively

the posterior and anterior rami (O.T. posterior and anterior primary divisions). Just
before its division each nerve gives off a minute meningeal (recurrent) branch,

which re-enters the vertebral canal after effecting a junction with a branch from
the sympathetic trunk, and is distributed to the spinal medulla and its membranes.

The posterior and anterior rami of the spinal nerves are mainly somatic in their

distribution, and are responsible for the innervation of the skeletal muscles and
of the skin covering the trunk and limbs.
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The posterior and anterior rami of the nerves contain hbres from both posterior

and anterior roots. Indeed, each root can be seen, on removal of its sheath, to

divide into two portions, of which one jjortion enters into the formation of the

posterior ramus, the other into the formation of tlie anterior ramus. The posterior

rami, with the exception of the first two, are smaller than the anterior rami. They
are responsible for the innervation of the skin and axial nmscles of the l)ack. They
do not supply the muscles of the limbs, althouj^h in tiieir cutaneous distribution

they are prolonged on to the back of the head, the shoulder, and the buttock.

They form two small plexuses—the posterior cervical and the posterior sacral

plexuses. The anterior rami are, with the exception of the first two cervical

nerves, mucli larger than tiie posterior rand. Tiiey supply the sides and anterior

parts of the body, tlie limbs, and the perineum. For the most part they have a

complicated arrangement. The thoracic or intercostal nerves alone have a simple

mode of distribution ; the other nerves give rise to the three great plexuses

—

cervical, brachial, and lumbo-sacral.

White Rami Communicantes.—From the anterior rami of certain nerves

(second thoracic to second lumbar inclusive) a series of fine nerves arises,

which serves to connect the spinal with the sympathetic system. These visceral

or splanchnic branches, or white rami communicantes, through the medium of the

gangliated trunk of the sympathetic, serve to innervate the vessels and viscera in

the splanchnic area. A second stream of pelvic splanchnic nerves, associated with

the second and third, or third and fourth sacral nerves, connects these spinal

nerves with the pelvic sympathetic plexuses (p. 766).

Distribution of the Spinal Nerves. ^—Although the distribution, like the origin

of tlie spinal nerves, presents primarily and essentially a segmental arrangement, this is

masked, and in some instances obliterated, by developmental changes in the parts supplied.

In no region ean an isolated nerve be traced to a complete segment. The nearest

approach to a complete girdle of innervation is found in the thoracic region, in such a

nerve as the sixth thoracic nerve. Yet even such a nerve is not distributed to any part

entirely alone. In its cutaneous distribution it supplies a complete belt of skin, a

distinctly segmental area from the median plane posteriorly to the median plane

anteriorly
;

yet at the same time the adjacent nerves overstep, so to speak, the

boundaries of the area and assist in the cutaneous nerve supply. Its muscular distribu-

tion, also, is segmental ; the anterior ramus supplies the intercostal muscles of the space

in wliich it lies ; but in this it forms comnnmications with adjacent nerves. The posterior

ramus supplies axial muscles of the back, not, however, in an obviously segmental

manner, on account of the fusion of the segmental myotomes in the formation of complex
longitudinal muscles, which are together supplied by the series of muscular branches

derived from the posterior rami of contiguous nerves. In other regions still greater

changes of structure are accompanied by deviations from a segmental type of distribu-

tion, causing the foundation of the nerve-plexuses by which the trunk and limbs are

innervated.

POSTERIOR RAMI OF THE SPINAL NERVES.

The posterior rami (O.T. posterior primary divisions) of the spinal nerves

innervate both skin and muscles; the skin of the trunk posteriorly, the back of

the head, the shoulder and the buttock, and the longitudinal muscles of the back,

but not the muscles of the limbs.

Each posterior ramus divides as a rule into two parts, a medial and a lateral

trunk (Fig. 606, p. 686). In the upper half of the body the medial trunks

generally supply the cutaneous branches, while the lateral trunks are purely

muscular nerves. In the lower part of the body the opposite is the case : the

lateral trunks provide the cutaneous nerves and the medial trunks are distributed

entirely to muscles. The cutaneous branches have a different course in the two
cases. In the upper half of the back they course backwards beneath and among
the muscles to within a short distance of the spinous processes of the vertebra?, close

to which they become superficial. They then extend laterally in the superficial

fascia. In the lower half of the back the cutaneous nerves are directed downwards
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and laterally among the muscles, and become superficial at a greater distance from
the median plane. In both regions the nerves pursue a sinuous course to the

surface, and the lower series emerge and

become superficial a considerable distance

below the level of their spinal origin.

There are considerable individual differ-

ences in the origin, course, and distribu-

tion of the several nerves.

CERVICAL NERVES.

First Cervical Nerve (N. sub-occip-

italis).—It has already been pointed out

that the posterior root of this nerve may
be very small,

or even absent

altogether. Its

posterior ramus
is larger than

the anterior
ramus ; it does

not divide into

medial or lat-

eral branches,

and it does not

directly supply

any cutaneous

branch.

Passing
backwards, in

the space be-

tween the oc-

cipital boneand
the posterior

arch of the atlas,

the nerve occu-

pies the sub-oc-

cipital triangle,

and is placed

below and be-

hind the ver-

tebral artery,

and undercover
of the semi-

spinalis capitis

muscle. It sup-

plies the follow-

ing branches:

—

(a) Muscular
branches to the

semispinalis

Fm. 607.

—

-Thk Distkiuution ok Cutaneous Nervks on the Back of the Trunk.

On one side the distribution of the several nerves is represented, the letters indicating their nomenclature.

G.O (C.2), Greater occipital ; C.3, Third occipital ; T.l et seq., Posterior rami of thoracic nerves ; L.l et seq.,

Posterior rami of first three lumbar nerves ; ti.\ et seq., Posterior rami of sacral nerves ; Acr, Posterior

supra-clavicular branches from cervical jjlexus ; T.2-12, Lateral branches of thoracic nerves ; Circ,

Cutaneous branches of axillary nerve ; L.l, Iliac or lateral cutaneous Iji-anch of ilio-hypogastric nerve
;

E.C, Lateral cutaneous nerve of thigh ; S.Sc, Posterior cutaneous nerve of thigh.

On the other side a schematic representation is given of the areas supplied by the above nerves, the numerals

indicating the spinal origin of the branches of distribution to each area.

f
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capitis (O.T. complexus), rectus capitis posterior major and minor, and obliqui

capitis, superior and interior.

(b) A communicating branch descends to join the second cervical nerve.

The coiniuuuicating branch may arise in common with the nerve to the obliquus inferior,

and reach the second cervical nerve by piercing or passing sujierficial or deep to tliat muscle
;

or it may accompany the nerve to the semispinalis ca])itis and coiiiiimnicatc witli tlie greater

occipital nerve, under or over that muscle.

Second Cervical Nerve.—The posterior ramus of thi.s uervo is larger than

the corresponding anterior ramus. It passes backwards between the atla.s and
epistropheus, and in the interval between the obliquus inferior and the semispinalis

cervicis muscles, under cover of the semispinalis capitis muscle. In this situa-

In.sertion of sterno-.

mastoid

Splenius capitis

Longissimus capitis

Semispin.-ilis capitis

Third occipital nerve V—

*

Splenius capitis-

Longissimus capitis—

Attachment of trapezius

In.sertion of semispinalis capitis
•Greater occipital nerve
Obliquus superior
Rectus capitis posterior major

Hectus capitis posterior minor
- Vertebral artery
~ Posterior ramus of

Suboccipital nerve
Posterior arch of atlas

Posterior ramus of second cervical
nerve

Posterior ramus of third cervical
nerve

Profunda cervicis artery
Posterior ramus of fourth ckrvical
nerve

Semispinalis cervicis

Fig. 608.

—

Postekior Cervical Plexos.

tion the nerve gives off several small muscular and communicating branches.

The main trunk, after piercing the semispinalis capitis and trapezius muscles,

accompanies the occipital artery to the scalp as the greater occipital nerve. This

is the chief cutaneous nerve for the posterior part of the scalp. It enters the

superficial fascia at the level of the superior nuchal line of the occipital bone and

about an inch from the external occipital protuberance. Ramifying over the

surface, it supplies the skin of the scalp as far as the vertex. It communicates on

the scalp with the following nerves : great auricular, lesser occipital, posterior

auricular, and third occipital.

The muscular branches of the second cervical nerve are destined for the semi-

spinaHs capitis, obliquus inferior, semispinalis cervicis, and multitidus.

Its communicating branches form the posterior cervical plexus. Descending over

the posterior arch of the atlas is a branch from the sub-occipital nerve which forms a loop

or network with a branch of the second nerve. From this loop twigs are supplied to the

surrounding muscles. A similar loop is formed by a communication between branches

of the second and third nerves, from which muscles are also supplied. Occasionally an

additional loop is formed between branches of the third and fourth nerves.

45
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Third Cervical Nerve.—This is much smaller than the second nerve. Near
its origin it forms a loop of communication with the second, and it may give off

a similar communicating branch to the fourth nerve. The main trunk divides

into medial cutaneous and lateral muscular branches. The lateral muscular

branch enters contiguous muscles ; the medial cutaneous branch passes backwards
and medially, and becomes superficial as the third occipital nerve (O.T. n. occipitalis

minimus), close to the median plane of the neck. It supplies fine branches to

the neck and scalp, and communicates with the greater occipital nerve.

The fourth, fifth, and sixth cervical nerves are still smaller. Beneath the

semispinalis capitis each divides into lateral muscular and medial cutaneous

branches. The muscular branches supply neighbouring muscles ; the cutaneous

branches are small nerves, which, passing backwards, become superficial close to the

median plane. They supply the skin of the back of the neck. The sixth is the

smallest, and the cutaneous branches of the fifth and sixth nerves may be absent

altogether. In certain cases the fourth nerve forms, with the third, a loop of com-
munication from which muscles are supplied.

Seventh and Eighth Cervical Nerves.—These are the smallest of the posterior

rami of the cervical nerves. They give off ordinarily no cutaneous branches,

and end in the deep muscles of the back. There is occasionally a small cutaneous

offset from the eighth nerve.

THORACIC NERVES:

The posterior ramus of each thoracic nerve divides into a medial and a lateral

branch. In the case of the upper six or seven thoracic nerves the medial

branches are distribvited chiefly as cutaneous nerves,—only giving off small muscular

branches—while the lateral branches are wholly muscular in their distribution
;

in the case of the lower five or six thoracic nerves the opposite is the case. In all

cases the muscular branches serve to innervate the longitudinal muscles of the

back. The distribution of the cutaneous branches is different in the upper and
lower part of the back. The upper six or seven thoracic nerves innervate the skin

of the scapular region. The medial cutaneous branches, after a sinuous backward
course from their origin, among the dorsal muscles, reach the surface near the

spines of the vertebrae and are directed almost horizontally laterally over the

trapezius muscle. The first is small ; the second is very large and reaches to the

acromion. The rest diminish in size, from above downwards, and become more
and more oblique in direction. The lateral cutaneous branches of the lower Jive or

dx thoracic nerves are directed from, their origin obliquely downwards and laterally

among the parts of the sacro-spinalis muscle. Becoming cutaneous by piercing

the latissimus dorsi at some distance from the median plane, they supply the skin

of the back in the lower part of the chest and loin, the lowest nerves (eleventh

and twelfth) reaching over the iliac crest on to the buttock. The lower nerves

often subdivide into two branches before or after their emergence from the latis-

simus dorsi muscle.

LUMBAR NERVES.

First three Lumbar Nerves.—The posterior rami of the first three lumbar
nerves subdivide into medial and lateral branches, in the same way as the lower

thoracic nerves. The medial branches are muscular and innervate the deep

muscles of the back. The lateral branches are chiefly cutaneous. They are

directed ol)Hquely downwards and laterally among the fibres of the sacro-spinalis

and become superficial by piercing the lumbo-dorsal fascia, just above the iliac crest

and a short distance in front of the posterior superior iliac spine. They are then

directed downwards in the superficial fascia of the buttock, and supply a lengthy

strip of skin, extending from the median plane above the iliac crest to a point

distal to and behind the greater trochanter of the femur. There may be only

two cutaneous branches, derived from tlie first two lumbar nerves ; in other cases

the three nerves are the branches of tlie twelfth thoracic and first two lumbar
nerves.
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The fourth and fifth lumbar nerves (like the last two cervical nerves) usually

supply only muscular branches to the longitudinal muscles of the back. The fifth

nerve in many cases sends a branch to form a loop of connexion with the posterior

ramus of the first sacral nerve (posterior sacral plexus).

SACRAL AND COCCYGEAL NERVES.

The posterior rami of the sacral nerves issue from the posterior sacral foramina.

As in the case of the thoracic and lumbar nerves, the upper sacral nerves differ

from the lower in their distribution.

The first three sacral nerves supply medial muscular branches for the

multifidus, and lateral cutaneous branches which pierce the fibres of the sacro-

tuberous ligament and the glutaeus maximus muscle, and supply the skin over

the back of the sacrum and contiguous part of the buttock, giving rise to the

posterior sacral plexus.

Tlie posterior sacral plexus consists, Hke the posterior cervical plexus, of loops

or plexiform communications over the back of the sacrum between the posterior rami of

the first three sacral nei'ves, to which are frequently joined branches of the last lumbar
nerve and fourth and even the fifth sacral nerve. From these loops branches proceed to

supply the multifidus muscle ; others, piercing the sacro-tuberous ligament, form secondary

loops beneath the gluteus maximus muscle. From the secondary loops, two or more
cutaneous branches arise, which, after traversing the muscle, supply the skin over the

sacrum and medial part of the buttock.

Posterior Ano-coccygeal Nerve.—The posterior rami of the fourth and fifth

sacral nerves do not divide into medial and lateral branches. They unite together

to form a loop which is joined by the minute posterior ramus of the coccygeal

nerve. The union of the three nerves constitutes the posterior ano-coccygeal nerve,

which, after perforating the sacro-tuberous ligament, is distributed to the skin in

the neighbourhood of the coccyx. It supplies no muscles. This nerve is the

representative of the superior caudal trunk of tailed animals.

MOKPHOLOGY OF THE POSTERIOR EaMI.

There are several points of morphological interest in relation to the posterior rami of*

the spinal nerve.s.

1. Muscular Distribution.—In their muscular distribution they are strictly limited to the
longitudinal muscles of tlie back : namely, those associated with the axial skeleton alone.

2. Cutaneous Distribution.—Their cutaneous distribution represents two points of interest.

A. In the first place, while the skin of the back is supplied in a regularly segmental manner
by the several nerves, certain of them fail to reach the surface at all. The absence of a cutaneous
branch from the sub-occipital nerve may be due either to the absence of a perfect posterior root, or

to its communication with the second nerve. The other nerves which do not usually supply the

skin are the last two, three, or four cervical, and the fourth and fifth lumbar ner\^es. These nervea
are placed in the centre of regions in which the upper and lower limbs are developed. They are

minute ner\-es, while the corresponding anterior rami are among the largest of the spinal

nerves. Thus, opposite the centre of each limb, posteriorly, tliere is a hiatus in the

segmental distribution of the posterior rami of the spinal nervea to the skin of the shoulder
and buttock, attributable to the formation of the limbs, and the extension into them of the

greater part of the nerves of the region. This gap, in the case of the upper Umb, commences at

the level of the vertebra prominens ; in the case of the lower limb it commences opposite the

level of the posterior superior iliac spine. It can be continued on to each limb as a hypothetical

area (the dorsal axial line), which indicates the area of contact (and overlapping) of cutaneous

nerves not in strictly numerical sequence. Thus, in the region of the shoulder, the sixth (or

fifth) cervical nerve innervates an area of skin adjoining that supplied by the eighth cervical

or first thoracic nerve ; in the region of the buttock the third lumbar nerve supplies an area

contiguous with that supplied by the fifth lumbar or first sacral nerve.

B. The cutaneous branches of the posterior rami of the spinal nerves differ from the muscular
branches in respect of their penetration into regions beyond those supplied by their motor
roots. The cutaneous branches, in regions where outgrowths or extensions from the trunk have
occurred, follow these extensions ; and, in consequence, sujjply skin covering parts which do not
belong to segments represented bv the nerves in question. Thus, the second and third cervical

nerves (greater and third occipital) are drawn upwards so as to supply the posterior part of the

scalp ; the upper thoracic nerves are drawn laterally over the scapular region ; the upjier lumbar
and sacral nerves supply the skin of the buttock ; and the ano-coccygeal nerve forms a rudi-

mentary caudal nerve.
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3. Plexuses.—The plexuses formed by the posterior rami of the upper cervical and upper
sacral nerves are the simplest met with in the human body. The posterior cervical plexus is

one from whicli muscular branches are supplied ; the posterior sacral plexus is mainly concerned
in producing cutaneous offsets. In the case of the posterior cervical plexus the loops of com-
munication between the first three or four cervical nerves result in the formation of a series of
nerves for the supply of the semispinales and other muscles, which bring into contact with
these muscles, simultaneously, a considerable area of the spinal medulla, and provide a combined
and simultaneous innervation for the ;several parts of each muscle. In the case of the posterior
sacral plexus, the formation of loops between the nerves results in the innervation of any given
spot in the cutaneous area supplied from these loops by more than one spinal nerve. As has
been said already, the cutaneous nerves, even without the formation of plexuses, overlap in their

cutaneous distribution. The formation of a plexus causes a more intimate union of neighbouring
spinal nerves, so that stimulation of the surface affects a wider area in the spinal medulla than if

the nerves passed separately to it from the surface. While segmentation becomes less obvious,
increased co-ordination of both movement and sensation is effected.

ANTERIOR RAMI OF THE SPINAL NERVES.

The anterior rami (O.T. anterior primary divisions) of the spinal nerves, are, with
the exception of the first two cervical nerves, much larger than the correspond-

ing posterior rami. Composed of elements of both posterior and anterior roots, each
nerve separates from the posterior ramus on emerging from the intervertebral

foramen, and, proceeding laterally, is distributed to structures on the lateral and
anterior aspects of the body,—including the limbs.

Each nerve is joined near its origin by a gray ramus communicans from the

corresponding sympathetic gangliated trunk ; and in the case of certain thoracic,

lumbar, and sacral nerves, the anterior ramus gives off a delicate bundle of fibres,

which forms the wMte ramus communicans to the sympathetic trunk. That part of

the spinal nerve which is distributed to the body waU and limbs may be termed
somatic ; the small white ramus communicans, innervating structures in the

splanchnic area, may be termed the visceral or splanchnic part of the spinal nerve.

The anterior rami of the spinal nerves are distributed in a regular segmental
manner only in certain cases. Except in the case of the thoracic nerves, the

anterior rami combine to form the three great plexuses—cervical, brachial, and
lumbo-sacral—and their arrangement and distribution is rendered exceedingly

complex.

A thoracic nerve, such as the fifth or sixth, may be regarded as a type to

illustrate the mode of distribution of the anterior rami of the spinal nerves

(Fig. 606, p. 686). It occupies an intercostal space; near its origin it possesses

fjray and lohite rami communicantes ; it courses through the interval between the

intercostal muscles ; it supplies branches to those muscles and gives off, when it

reaches the side of the chest, a lateral branch, which, after supplying small muscular
branches, pierces the external intercostal muscle, and is distributed to an area of

skin over the lateral part of the trunk, contiguous dorsally with a similar area,

innervated by the cutaneous branches of the posterior ramus of the same nerve.

The lateral branch generally subdivides into a smaller posterior and a larger

anterior ramus, as it pierces the muscles clothing the wall of the chest. The
main trunk of the nerve, having given off its lateral branch, then pursues its

course obliquely forwards to the side of the sternum, where, after piercing the

pectoral muscles, it appears superficially as the terminal anterior cutaneous branch.

This supplies an area of skin continuous with that supplied by the anterior part of

the lateral branch of the same nerve. Such a nerve thus supplies, by means of

its lateral and anterior branches, an area of skin which (with the area supplied

by the cutaneous branch of its posterior ramus) forms a continuous and unin-

terrupted belt, extending from the median plane behind to the median plane in

front. The lateral and anterior branches of the nerve innervate in their course

tlie intercostal and' other muscles, to be afterwards mentioned in detail.

NEEVI CERVICALES.

The anterior rami of the cervical nerves, together with parts of the first and
second thoracic nerves, are distributed to the head, neck, and upper extremity.
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The first four cervical nerves, by means of the cervical plexus, innervate the neck •

Fio. 609.

—

Thb Distribotion of Cdtaneods Nerves on the Front of the Trdnk.

On one side the distribution of the several nerves is represented, the letters indicating their nomenclature.

G.A, Great auricular nerve ; S.C, N. cutaneus colli ; S.Cl, Supra-clavicular nerves ; AcR, Posterior ; Cl, Middle
;

St, Anterior; T.2-12, Lateral and anterior branches of thoracic nerves; I.H. llio-hypogastric nerve;
1.1. Ilio-inguinal nerve ; CiRC, Cutaneous branch of axillary nerve ; L.I.C, Medial cutaneous nerve of the
arm (lesser internal cutaneous nerve) ; I.H, Intercosto-brachial ; I.C, Medi.al cutaneous nerve of the fore-

arm (internal cutaneous) ; M.S. Cutaneous branch of radial nerve ; E.C, Lateral cutaneous nerves : G.C,
Lumbo-inguinal nerve ; M.C '\ Interniedi.ate cutaneous nerves ; I.C, Branch of medial cutaneous ner\e

;

P, Branches of pudendal nen'e ; S.Sc, Branches of posterior cutaneous nerve of the thigh.

On the other side a schematic representation is given of the areas supplied by the above nerves, the numerals
indicating the spinal origin of the branches of distribution to each area.

the last four cervical nerves, together with a large part of the first thoracic nerve,
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through the brachial plexus, supply the upper limb. The second thoracic nerve

may contribute a trunk to this plexus, and always assists in the innervation of

the arm.

PLEXUS CERVICALIS.

The anterior rami of the first four cervical nerves are concerned in forming the

cervical plexus. Each nerA'e emerges from the vertebral canal posterior to the

HYPOCLOSSAL

POSrCRtOR

SUPRA-CLAVICULAR NERVES

Fig. 610.

—

The Left Cervical Plexus.

vertebral artery. Each is joined on its emergence from the intervertebral foramen,
at the side of thfc vertebral column, by a gray ramus communicans from the superior

cervical ganglion of the sympathetic. In the neck the cervical nerves are

concealed by the sterno-mastoid muscle; in front lies the longus capitis muscle,
and Vjehind are the scalenus medius, and (behind the first or sub-occipital nerve)
the rectus capitis lateralis. The cervical plexus is constituted by the combination
of the four nerves in an irregular series of loops under cover of the sterno-mastoid
muscle, and overlapped, in part, by the internal jugular vein.

From the loops of the plexus the branches of distribution arise, as (a) cutaneous
branches to the head, neck, and shoulder ; (b) muscular branches to muscles of the
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neck aud to the diaphragm ; and (c) communicating branches to the vagus, accessory,

hypoglossal, and sympathetic nerves.

For convenience of description, the nerves derived from the plexus may be

classified as follows :

—

L Superficial (cutaneoue) Branches

—

A. Ascending Branches (C. 2, 3). 13. Descending (supra-clavicular) Branches (C. 3, 4).

N. occipitalis minor (lesser Nn. supraclaviculares aiiterioros (O.T. supra

occipital), sternal),

N. auricularis magnus (great Nn. supraclaviculares medii (O.T. supi-a-clavi-

auricular), cular),

N. cutaneus colli (O.T. trans- Nn. supraclaviculares posteriores (O.T. supra-

verse superficial cervical). acromial).

II. Deep (muscular and communicating) Branches

—

A. Lateral Branches. B. Medial Branches.

1. Muscular branches to 1. Muscular to

Sterno-mastoid (C. 2), Prevertebral muscles (C. 1, 2, 3, 4),

Trapezius (C. 3, 4), Infra-hjoid muscles (C. 1, 2, 3)
Levator scapulae (C. 3, 4), (ansa hypoglossi),

Scaleni (medius and posterior) (C. 3, 4). Diaphragm (C. 3, 4, 5) (phrenic

2. Communicating branches to nerve).

Accessory nerve (C. 2, 3, 4). 2. Communicating branches to

Vagus nerve (C. 1, 2),

Hypoglossal nerve (C. 1, 2),

Ansa hypoglossi (C. 2, 3),

Sympathetic (C. 1, 2, 3, 4).

The second, third, and fourth cervical nerves are the chief nerves engaged in

forming the plexus. The first cervical nerve only enters into the formation of a

small part—the medial portion of the deep part of the plexus.

Superficial Cutaneous Branches.—These nerves, six in number, are entirely

cutaneous. They radiate from the plexus, and appear in the posterior triangle of

the neck at the posterior border of the sterno-mastoid muscle. They are divisible

into two series—the one ascending : lesser occipital, great auricular, and nervus
cutaneus colli; the other descending (supra - clavicular) : posterior, middle, and
anterior.

Ascending Branches.—The lesser occipital nerve is variable in size and is

sometimes double. Its origin is from the second and third cervical nerves (more
rarely from the second only). It extends backwards under cover of the sterno-

mastoid, and then upwards along its posterior border. Piercing the deep fascia near
the apex of the posterior triangle, it divides into auricular, mastoid, and occipital

branches, and supplies small cervical branches to the upper part of the neck. The
auricular branch supplies the skin of the cranial surface of the auricle ; the
mastoid and occipital branches supply the scalp. The nerve communicates on
the scalp with the greater occipital and great auricular nerves, and with the posterior

auricular branch of the facial nerve.

The great auricular nerve is the largest of the cutaneous branches. It arises

from the second and tliird cervical nerves (or, more rarely, from the third alone).

Winding round the posterior border of the sterno-mastoid muscle, it courses

vertically upwards towards the ear. In this course it crosses the sterno-mastoid

muscle obliquely and is covered by the platysma muscle. Before arriving at the

ear it subdivides into mastoid, auricular, and facial branches. The mastoid branches

ascend over the mastoid process and supply the skin of the scalp behind the ear,

communicating with the lesser occipital and posterior auricular nerves. The
aiuicular branches ascend to the ear aud supply the lower part of the auricle on
both aspects ; they communicate with the same nerves. The facial branches,

passing over the angle of the mandible and through the substance of the parotid
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gland, supply the skin of the cheek over the inferior part of the masseter muscle

and the parotid gland. They communicate with branches of the facial nerve in

the parotid gland.

The nervus cutaneus colli arises from the second and third cervical nerves.

It winds round the posterior border of the sterno-mastoid muscle, and crosses

the muscle to reach the anterior triangle, under cover of the platysma muscle and
the externa] jugular vein. It divides near the anterior edge of the sterno-mastoid

muscle into superior and inferior branches, which are distributed through the

platysma to the skin covering the anterior triangle of the neck. The upper

branches communicate freely beneath the platysma with the cervical branch of

the facial nerve.

Descending (supra-clavicular) Branches.—By the union of two roots derived

from the third and fourth

cervical nerves a considerable

trunk is formed, which emerges
from under cover of the sterno-

mastoid muscle and extends

obKquely downwards through
the inferior part of the posterior

triangle of the neck. It sub-

divides into radiating brancnes

—anterior, middle, and posterior

—which pierce the deep fascia

of the neck above the clavicle,

and are distributed to the skin

of the inferior part of the side

of the neck, to the front of the

chest, and the shoulder. The
anterior (O.T. supra - sternal)

branches are the smallest. Pass-

ing over the medial end of the

clavicle, they supply the skin

of the neck and chest as far

down as the synchondrosis

sternalis. The middle (O.T.

supra-clavicular) branches pass

over the intermediate third

of the clavicle, beneath the

platysma, and can be traced

as low as the third rib. The
posterior (O.T. supra-acromial)

branches pass over or through
the insertion of the trapezius

muscle, and over the lateral

third of the claviclB, to the

shoulder, where they supply the skin as far down as the distal third of the deltoid

muscle.

Deep Branches.—The deep branches of the cervical plexus are separated

into a lateral and a medial set by their relation to the sterno-mastoid muscle.

Beneath the muscle, the lateral branches are directed laterally towards the posterior

triangle, and the medial branches pass medially towards the anterior triangle.

The lateral branches consist of muscular and communicating nerves, which
for the most part occupy the posterior triangle.

The muscular branches are the following : (1) To the sterno-mastoid, from the

second cervical nerve. This enters the muscle on its deep surface and communicates

with the accessory nerve. (2) To the trapezius, from the third and fourth cervical

nerves. These nerves cross the posterior triangle and end in the trapezius, after

having communicated with the accessory nerve, both in the posterior triangle, and

under cover of the muscle. (3) To the levator scapulae, from the third and fourth

Fig. 611.

—

Distribution of Cutaneous Nerves to the Head
AND Neck.



CERVICAL PLEXUS. 697

cervical nerves. Two independent branches enter the lateral surface of the muscle
in the posterior triangle. (4) To the scaleni (mediua and posterior), from the third
and fourth cervical nerves.

The communicating branches are three in number. They join the accessory
nerve in three situations :—(a) A branch from the second cervical nerve to the
,8terno-nia.stoid joins the accessory nerve under cover of that muscle, (h) Branches to
the trj^pezius from the third and fourth nerves are connected with the accessory
nerve in the posterior triangle, (c) Branches from the same nerves join the nerve
under cover of the trapezius muscle.

Cervical branch of facia ,-

Nerves to levator scapulae

Anterior supra-
clavicular nerve

- Greater occijiital

-Lesser occipital

-Third occipital

-Great auricular

-•N. cutaneus colli

-JCerves to levator scapulse

-Accessory nerve

Communicating branch to accessory

— Nerve to trapezius
Posterior supraclavicular
nerve

Middlesupra-clavicular nerve

Supra-scapular

Fig. 612.

—

The Nerves of the Side of the Neck.

The medial branches of the plexus also comprise muscular and communi-
cating branches. The first cervical nerve assists in the formation of this series of
nerves, forming a slender loop with part of the second nerve in front of the trans-
verse process of the atlas.

Communicating Branches.— (a) With the sympathetic.—Gray rami communi-
cantes pass to each of the first four cervical nerves, near their origins, from the
superior cervical ganglion or from the trunk below the ganglion, {h) With the
vagus nerve.—The ganglion nodosum of the vagus nerve may be. connected by a
slender nerve with the loop between the first two cer\'ical nerves. This communica-
tion is not constant, (c) With the hypoglossal.—An important communication
occurs between the hypoglossal nerve and the loop between the first and second
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cervical nerves (Fig. 613). A trunk from the loop joins the hypoglossal just beyond
its exit from the skull. One fine branch from this trunk passes upwards along

the hypoglossal nerve to the cranium (meningeal hranch). The main part of the

trunk accompanies the hypoglossal and separates from it to form successively three

nerves—the descendens hypoglossi, and the nerves to the thyreo-hyoid and genio-hyoid

muscles. The portion of the nerve which remains accompanies the hypoglossal to

the muscles of the tongue. It is probable that no part of the hypoglossal nerve
itself is concerned in the formation of these three branches. The descending
branch of the hypoglossal descends in front of the internal and common carotid

RECURRCNT

OESCCNOINC CERVICAt

Fig. 613.

—

The Muscles of the Htoid Bone and Styloid Process, and the Extrinsic Muscles of
THE Tongue, with their Nerves.

arteries, and is joined in the anterior triangle of the neck by the descending

cervical nerve, to form the ansa hypoglossi, from which the infra-hyoid muscles

are innervated. (The descending branch of the hypoglossal, in some cases, arises

from the vagus nerve.)

Muscular Branches.— The muscles supplied by the medial branches of the

plexus are the prevertebral muscles, the genio-hyoid and the infra-hyoid muscles,

and the diaphragm.
(a) Prevertebral Muscles.— 1. Erom the loop between the first and second

cervical nerves a small branch arises, for the supply of the rectus capitis lateralis,
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longus capitis, and the rectus capitis anterior. 2. From the second, third, and
fourth nerves small liranches supply the inter- transverse, longus colli, and longus

capitis muscles. 3. From the fourth nerve a branch arises for the upper part of the

scalenus anterior.

(b) Genio-hyoid and Infra-hyoid Muscles.

—

I'liu descending cervical nerve is formed

in front of the internal jugular vein by the union of two slender trunks from the

second and tliird cervical nerves (eommunicantes hypoglossi). It forms a loop

of communication in front of the carotid sheath with the descending branch of the

hypoglossal nerve (derived ultimately from the first two cervical nerves). This

loop of communication is called the ansa hypoglossi. It is often plexiform ; and
from it branches are given to the sterno-liyoid and sterno-thyreoid muscles, and
both bellies of the omo-hyoid muscle. The nerve to the sterno-hyoid muscle is

often continued behind the sternum, to join, in the thorax, with the phrenic nerve

or the cardiac plexus.

The thyreo-hyoid and genio-hyoid muscles are supplied by branches of the hypo-

glossal nerve, which are also traceable back to the communication between the

hypoglossal and the first two cervical nerves.

The anterior muscles in immediate relation to the median plane of the neck,

between the chin and the sternum, are thus continuously supplied by the first

three cervical nerves. The hypoglossal is the nerve of the muscles of the tongue,

and it is not certain that it contributes any fibres to the above-named muscles.

(c) Diaphragm.—The phrenic nerve supplies the diaphragm.

Nervus Phrenicus.

The phrenic nerve is derived mainly from the fourth cervical nerve, reinforced

by roots from the third (either directly or through the nerve to the sterno-hyoid)

and fifth (either directly or through the nerve to the subclavius muscle). It runs

downwards in the neck upon the scalenus anterior muscle ; at the root of the neck

it passes betw^een the subclavian artery and vein, enters the thorax and traverses

the mediastinum to reach the diaphragm, lying in the middle mediastinum
between the pericardium and pleura, and anterior to the root of the lung. In its

course it presents certain differences on the two sides. In the neck, on the left

side, it crosses the first part of the subclavian artery ; on the right side it crosses

the second part. In the superior mediastinu^m, on the left side, it lies between
the left subclavian and carotid arteries, and crosses the vagus nerve and the

aortic arch. On the right side it accompanies the innominate vein and superior

vena cava, and is entirely separate from the vagus nerve. The left nerve is longer

than the right, owing to the position of the heart and the left half of the

diaphragm. The right nerve sends fibres along the inferior vena cava through

the foramen ven?e cavse. Reaching the diaphragm the nerve separates into

numerous branches for the supply of the muscle ; some enter its thoracic surface

(sub-pleural branches), but most of the fibres supply it after piercing the muscle

(sub-peritoneal branches).

The branches of the phrenic nerve are— 1. Muscular (to the diaphragm) ; 2.

pleural ; 3. pericardiac ; 4. inferior vena-caval ; 5. suprarenal ; and 6. hepatic.

The branches to the pleura and pericardium arise as the phrenic nerve

traverses the mediastinum. The branches to the inferior vena cava, suprarenal

gland, and liver arise after communication of the phrenic nerve with the

diaphragmatic plexus of the sympathetic on the abdominal surface of the

diaphragm.

Communications of the Phrenic Nerve.— 1. The phrenic nerve may communicate
with the nerve to the subclavius muscle. 2. It may communicate with the ansa

hypoglossi, or a branch from it (the nerve to the sterno-hyoid). 3. It frequently com-

municates with the cervical part of the sympathetic. 4. It communicates with the

coeliac plexus by a junction upon the abdominal surface of the diaphragm with th

diaphragmatic plexus on the inferior phrenic artery, in which a small diaphragmajaii

ganglion is found on the right side. From this junction branches are given off to ^t is

inferior vena cava, suprarenal gland, and hepatic plexus.
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Morphology of the Cervical Plexus.

The characteristic feature of the cervical plexus is the combination of parts of adjacent nerves

into compound nerve-trunks by the formation of series of loops. The result of the formation of

these loops is that parts (particularly cutaneous areas) are supplied by branches of more than one
spinal nerve.

A. Cutaneous Distribution.—By the combinations of the nerves into loops the discrimination

of the elements in the upper cervical nerves, corresponding to the lateral and anterior rami
of a typical thoracic nerve, is made a matter of some difficulty. The second, third, and
fourth nerves, through the cervical plexus, supply an area of skin extending, laterally, from the

side of the head to the shoulder ; anteriorly, from the face to the level of the third rib. The higher
nerves supply the upper region (second and third) ; the lower nerves supply the lower region

(third and fourth). It is not possible tu compare the individual nerves strictly with the lateral

and anterior rami of a thoracic nerve. A line dra'mi from the ear to the middle of the

clavicle separates, however, a lateral from an anterior cutaneous area ; and certain of the

cutaneous nerves fall naturally into one of these two categories. The nerves homologous with
anterior rami of intercostal nerves are the n. cutaneus colli and the anterior branches of the

supra-clavicular series ; those homologous with lateral branches are the smaller occipital and
posterior supra-clavicular branches. The great auricular and middle supra-clavicular branches-

are mixed nerves, comprising elements belonging to both sets.

B. Muscular Distribution.—The nerves from the cervical plexus supplying muscles are

simpler in their arrangement. They are not generally in the form of loops, and they are easily

separated into lateral and anterior series. The lateral nerves comprise the branches to the

rectus capitis lateralis, sterno-mastoid, trapezius, levator scapulae. The nerves in the anterior

series are those to the longus capitis, rectus capitis anterior, the hyoid muscles, and the

diaphragm.
It is noteworthy that the last-named muscles—genio-hyoid, thyreo-hyoid, sterno-hyoid, omo-

hyoid, sterno-thyreoid, and diaphragm—are continuously supplied by branches from the first five

cervical nerves : the higher muscles by the higher nerves ; the lower muscles by the lower nerves.

PLEXUS BRACHIALIS.

The] Brachial Plexus is formed by the anterior rami of the fifth, sixth, seventh,

and eighth cervical nerves, along with the greater part of the first thoracic nerve.

In some cases a slender branch of the fourth cervical nerve is also engaged ; and
the second thoracic nerve also, in all cases, contributes to the innervation of

the arm, through the intercosto-brachial (O.T. intercosto-humeral) nerve. In many-

cases it contributes also directly to the plexus, by an intra-thoracic communication
with the first thoracic nerve.

Position of the Plexus.—The nerves forming the brachial plexus appear in

the posterior triangle of the neck between the scalenus anterior and scalenus

medius muscles; the plexus is formed in close relation to the subcla-sdan and
axillary arteries ; the nerves emanating from it accompany the artery to the axilla,

whence they are distributed to the shoulder and upper limb.

Communications with the Sympathetic.—The lower four cervical nerves communicate
with the cervical portion of the sympathetic by means of gray rami communicantes.
Two branches arise from the middle cervical ganglion, and join the anterior rami

of the fifth and sixth nerves. Two arising from the inferior cervical ganglion join the

seventh and eighth nerves. They reach the nerves either by piercing the prevertebral

muscles or by passing round the border of the scalenus anterior muscle.

Composition of the Brachial Plexus.—In an analysis of the brachial plexus

four stages may be always seen :

—

(1) The undivided nerves.

(2) The separation of the nerves into anterior and posterior trunks ; and the

formation of three primary cords.

(3) The formation of three secondary cords—lateral, medial, and posterior.

(4) The origin of the nerves of distribution.

(1) The undivided nerves have only a very short independent course at the side

of the neck, after passing between the scalene muscles.

(2) Three primary cords are formed almost immediately after the undivided

nerv^es enter the posterior triangle : the first cord is formed by the union of the

^fth and sixth nerves ; the second, by the seventh nerve alone ; and the third,

g^jj the union of the eighth cervical and first thoracic nerves. While these cords
"^ being formed, a division occurs in each of the nerves, into anterior and

jjQj.yjerior trunks. The anterior and posterior trunks of the fifth, sixth, and seventh
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nerves are nearly equal in size. The posterior trunk of the eighth cervical nerve

is much smaller. The posterior trunk of the first thoracic nerve is very minute,

and may not be present at all.

(3) The secondary cords of the plexus are formed by combinations of these

anterior and jxKsterior trunks, in relation to the axillary artery. They are three

in number. The lateral cord is Ibrmed by a combination of the anterior trunks

of the tit'th, sixth, and seventh nerves, and lies on the lateral side of the axillary

artery. Tlie medial cord is formed by a combination of the anterior trunk of the

eighth cervical with the part of the first thoracic nerve engaged in the formation

of the plexus; it lies on the medial side of the axillary artery. The posterior

cord is made up of all the posterior trunks from the fifth, sixth, seventh, and
eighth cervical and first thoracic nerves, and lies behind the axillary artery.

N.ThORACALIS anterior lateralis, „n&3CAPU'-ARI9

.. n-CUTANEU3

rANTERIOR

Fig. 614.

—

The Nerves of the Brachial Plexus.

N.INTERCOSTALI9

The first thoracic nerve may not contribute to the posterior cord, and the branch,

when present, is a very small nerve.

(4) The nerves of distribution for the shoulder and arm are derived from these

secondary cords, and receive in this way various contributions from the constituent

spinal nerves. From the lateral cord arise the lateral anterior thoracic and musculo-

cutaneous nerves, and the lateral head of the median nerve. From the medial cord

arise the medial head of the median nerve, the ulnar nerve, medial cutaneous

nerve of the forearm, medial cutaneous nerve of the arm, and the medial anterior

thoracic nerve. From the posterior cord arise the axillary nerve, the two sub-

scapular nerves, the thoraco-dorsal nerve, and the radial nerve.

It is to be remembered that, although derived from a secondary cord formed by a certain

set of spinal nerves, any given nerve does not necessarily contain fibres from all the constituent

nerves ; e.g., both the musculo-cutaneous and axillary nerves, from the lateral and posterior cords

respectively, are ultimately derived only from the fifth and sixth cervical nerves. In other

words, the secondaiy cords are merely collections of nerves of distribution bound together in a

common sheath in their passage through the axilla.

The Branches of the Brachial Plexus.

It is customary to separate artificially the nerves of distribution of the brachial

plexus into two sets : (1) supra-clavicular and (2) infra-clavicular. Clinically it is
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important to realise the position of origin of certain nerves. The nerves to the

prevertebral muscles, the communication with the phrenic, the dorsal scapular, and
long thoracic nerves, arise from the anterior rami of the nerves involved in the

plexus. The supra-scapular and the nerve to the subclavius arise at the level of

formation of the secondary cords ; and the anterior thoracic, subscapular, and
thoraco- dorsal nerves arise from the secondary cords, prior to their ultimate

subdivision into the nerves of distribution for the upper hmb.
Pars Supraclavicularis.—The nerves derived from the plexus above the

level of the clavicle are, like the main trunks, divisible into two series : anterior

branches, arising from the front of the plexus ;
posterior branches, arising from the

back of the plexus (Fig. 614, p. 701).

Anterior Branches.

1. Nerves to scalenus anterior and
longus colli.

2. Communicating nerve to join

the phrenic nerve.

3. Nerve to the subclavius muscle.

Posterior Branches.

1. Nerves to scalenus medius and
scalenus posterior.

2. Dorsal (posterior) scapular nerve.

3. Long thoracic nerve.

4. Supra-scapular nerve.

OUTER

Cord

The muscular twigs to the anterior scalene and longus colli muscles arise from

the lower four cervical nerves, as they emerge from the intervertebral foramina.

The communicating branch to the phrenic nerve arises usually from the fifth

cervical nerve at the lateral border of the anterior scalene muscle. It is sometimes
absent, and occasionally an additional root is

present from the sixth cervical nerve. In some
instances the nerve is replaced by a branch which
springs from the nerve to the subclavius, and
passes medially behind the sterno-mastoid muscle
to join the phrenic at the inlet of the thorax.

N. Subclavius.—The nerve to the subclavius

is a slender nerve, which arises from the front

of the cord formed by the fifth and sixth cervical

'nerves. It descends in the posterior triangle of

the neck over the third part of the subclavian

artery. It often communicates with the phrenic

nerve.

The branches tothe scalenus medius and scalenus
posterior, are small trunks which arise from the

lower four cervical nerves as they emerge from the

intervertebral foramina.

N. Dorsalis Scapulse. — The dorsal scapular

Fig. 615. -Diagram of the Origin and ^erve (O.T. posterior scapular or nerve to the

Distribution of the Nerves to the rhomboids) arises from the back of the fifth

o
C.8 Inner

Cord

Pectoral Muscles.

L.A.T, Lateral anterior thoracic nerve

;

I.A.T, Medial anterior thoracic nerve
;

cervical nerve, as it emerges from the interver-

tebral foramen. It appears in the posterior
i.A.T, ivieaiai anterior moracic nerve; i. •„ i„ „f ^-i,p „„„!. „f4-p„ -niPrpiTiD- thp SPfllpuuci
C.5, 6,7, C.8, T.i, Nerves of the brachial

t^^iangie 01 tne nccK, alter piercmg tne scalenus

plexus ; Art, Axillary artery ; Cl, mcdius muscle. It is directed downwards.
Clavicle ; Scl, Subclavius muscle

; under cover of the levator scapulsB and rhomboid

ruv,i.TS!S."Lracoi'd"iwi nuscles, and along the vertebral margin of the

p.Ma, Pectoraiis major. scapula, to be distributed to the levator scapulse,

rhomboideus minor, and rhomboideus major

muscles. It occasionally pierces the levator scapuhe.

N. Thoracalis Longus. — The long thoracic nerve (O.T. posterior thoracic or

external respiratory nerve of Bell) arises by three roots, of which the middle one

is usually the largest, from the back of the fifth, sixth, and seventh nerves, as they

emerge from the intervertebral foramina. The nerve pierces the scalenus medius
as two trunks, of which the lower represents the contribution from the seventh

cervical nerve, and, descending along the side of the neck behind the cords of the

brachial plexus, it enters the axilla between the superior edge of the serratus
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anterior muscle and the axillary artery. It continues its downward course over

the axillary surface of the serratus, to the slips of which it is distributed.

There is a more or less definite relation between the roots of this nerve and the parts of the

serratus muscle. The first part of the muscle is innervated by the fifth nerve alone ; the second

part by the fifth and sixtli, or the sixth alone ; the third ])art by the sixth and seventh,

or the seventh nerve alone.

N. Suprascapularis.—The supra -scapular nerve arises from the back of the

cord formed by the fifth and sixth cervical nerves in the posterior trian^^le of the

neck. It occupies a position above the main cords of the brachial plexus, and
courses downwards and laterally parallel to them towards the superior margin of

the scapula. It passes through the scapular notch to reach the dorsum of the

scapula. After supplying the supra-spinatus muscle it winds round the great

scapular notch in company with the transverse scapular artery and terminates in

the infra-spinatus muscle. It also suppHes articular branches to the back of the

shoulder-joint.

Pars Infraclavicularis.—The so-called infra-clavicular branches of the brachial

plexus are distributed to the chest, shoulder, arm and forearm. According to

their origin they are divisible into two sets—an anterior set, derived I'rom the

lateral and medial cords, and a posterior set, derived from the posterior cord. In

their distribution the same arrangement is maintained. The anterior nerves of

distribution, springing from the lateral and medial cords, supply the chest

and the front of the limb ; the posterior nerves, springing from the posterior cord,

supply the shoulder and the back of the limb.

Anterior Branches^

From the Lateral Cord. From the Medial Cord

Lateral anterior thoracic. Medial anterior thoracic.

Median (lateral head). Median (medial head).

Musculo-cutaueous. Ulnar.

Medial cutaneous nerve of forearm (O.T.

internal cutaneous).

Medial cutaneous nerve of arm (O.T. lesser

internal cutaneous).

Posterior Branches.

Axillary nerve.

Radial nerve.

Two subscapular nerves.

Thoraco-dorsal nerve.

Nervi Thoracales Anteriores.

The anterior thoracic nerves are two in number, lateral and medial. The
lateral anterior thoracic nerve arises from the lateral cord of the brachial plexus by
three roots— from the fifth, sixth, and seventh cer%dcal nerves. The medial

anterior thoracic nerve arises from the medial cord of the plexus, from the eighth

cervical and first thoracic nerves. They course downwards and forwards, one on
each side of the axillary artery, and a loop of communication is formed between them
in front of the artery. They are finally distributed to the pectoralis major and
minor muscles (Fig. 615).

The nerves are distributed to the pectoral muscles in the following way. Two sets of

branches from the lateral anterior thoracic nerve pierce the costo-coracoid membrane. The
superior branches supply the clavicular part of the pectoralis major ; the inferior branches

are distributed to the superior fibres of the sternal portion of the muscle. The /Superior

branches come from the fifth and sixth cervical nerves ; the inferior branches, from the fifth,

sixth, and seventh nerves. The pectoralis minor is pierced by two sets of nerves—the

superior set is derived from the loop of communication between the two anterior thoracic

nerves over the axillary artei-y ; the inferior set is derived from the medial anterior



704 THE NEEVOUS SYSTEM.

Short subscapular

Lower subscapular

Axillary nerve

thoracic uerve alone. These nerves supply the pectoralis minor muscle, and, after

piercing it, supply the sternal part of the pectoralis major. The inferior nerve, in many
cases, sends its branches to the pectoralis major round the inferior border of the

pectoralis minor, and on its

Thoraco-dorsai nerve Way it may Supply the axillary

arches, if present. These tv^^o

branches are derived—the
superior from the seventh and
eighth cervical, and first thoracic

nerves ; the inferior from the

eighth cervical and first thoracic

nerves. The pectoral muscles are

thus both supplied by the two
anterior thoracic nerves. The
clavicular fibres of the pectoralis

major are innervated by the fifth

and sixth nerves; the sternal

fibres, from above downwards,
by the fifth, sixth, seventh, and
eighth cervical, and first thoracic

nerves ; and the pectoralis minor
is supplied by the seventh and
eighth cervical, and first thoracic

Nbrvus Mtjsculocutaneus.

The musculo - cutaneous
nerve takes origin from the

lateral cord of the plexus, from
the fifth and. sixth cervical

nerves (Fig. 614). The nerve

to the coracobracliialis muscle,

arising from the seventh or

sixth and seventh nerves, is

usually associated with it.

Separating from the lateral

head of the median nerve, the

musculo -cutaneous nerve lies

at first between the coraco-

brachialis muscle and the

axillary artery. It is then

directed distally between the

two parts of the coracobraclii-

alis, and passes between the

biceps and brachialis muscles,

to the bend of the elbow. It

pierces the deep fascia over the

front of the elbow, between

the biceps and brachioradiaKs,

and terminates as the lateral

cutaneous nerve for -the supply

of the lateral aspect of the

forearm. In its course it

may send a branch under the biceps to join the median nerve.

The branches of the nerve are muscular and cutaneous. The muscular branches

are supplied to the two heads of the biceps and the brachialis, as the nerve lies

between the muscles. The nerve to the coracobrachialis (usually incorporated

with the trunk of the musculo-cutaneous nerve) has an independent origin from

Nerve to brachialis muscle.

Nerve to brachioradialis muscle

Nerve to extensor carpi
radialis longus""

Superficial ramus of radial

Deep ramus of radial ...f--

Branch to supinator musclR_.
Branch to extensor carpi

radialis brevis
"

Fig. 616.

—

The Deeper Nerves of the Arm.
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the seventh or sixth and seventh nerves. It is usually double, one branch entering

each portion of the muscle. The lateral cutaneous nerve of the forearm divides into

volar and dorsal branches (Fig. 610, p. 704;. Tiie volar branch runs distally along
the front of the lateral aspect of the forearm to the wrist, and supplies an area

extending medially to the middle line of the forearm anteriorly, and distally so

as to include the ball of the thumb. It communicates, proximal to the wrist,

with the superficial ramus of the radial nerve, and supplies branches to the
radial artery. Tlie dorsal branch passes backwards and distally over the extensor

muscles and supplies the skin on the lateral aspect of the forearm posteriorly in

its proximal three-fourths, communicating with the cutaneous branches of the

radial nerve.

In addition to "the above branches, tlie musculo-cutaneous nerve supplies in many
cases tlic following small twigs in the arm : (1) a medullary branch to the humerus; (2)
a periosteal branch to the distal end of the humerus on its anterior surface ; and (3) a

branch to the brachial artery.

Nervus Medianus.

The median nerve arises by two heads—one from the lateral cord, the other
from the medial cord of the brachial plexus. The lateral head, from the (fifth),

sixth, and seventh nerves, descends along the lateral side of the axillary artery

;

the medial head, from the eighth cervical and first thoracic nerves, cro.sses the
end of the axillary artery or the beginning of the brachial artery, to join the other
head in the proximal part of the arm. Descending along the lateral aspect of the
brachial artery, the nerve crosses over it obliquely in the distal half of the arm. In
the hollow of the elbow, it lies on the medial side of the brachial artery, behind the
lacertus fi])rosu8 and the median basilic vein. . It passes into the forearm between
the two lieads of the pronator teres muscle, separated from the ulnar artery by the
deep origin of that muscle. Extending distally along the middle of the forearm,

between the superficial and deep muscles, to the wrist, it enters the palm of the hand
on the lateral side of the flexor tendons of the fingers, and deep to the transverse
carpal Kgameut. In the hand, it spreads out at the distal border of the transverse
carpal ligament, under cover of the palmar aponeurosis and superficial volar arch,

and separates into its six terminal branches. In the forearm a small artery accom-
panies it,—the median branch of the volar interosseous artery. Immediately
proximal to the wrist it is comparatively superficial, lying on the lateral side of the
superfi'cial flexor tendons and directly behind the tendon of the palmaris longus.

Branches.—The median nerve usually gives oft' no branches in the (upper)
arm.

Branches in the Forearm.—(1) Articular Branches.—Minute articular filaments

are distributed to the front of the elbow-joint.

(2) Muscular Branches.— Just below the elbow a bundle of nerves arises to be
distributed to the following muscles : pronator teres, flexor carpi radialis, palmaris
longus, flexor digitorum sublimis. Nerves are also generally traceable from this

bundle to the upper fibres of the flexor poUicis longus and flexor digitorum
profundus. The nerve to the pronator teres often arises independently in the
hollow of the elbow.

(3) The volar interosseous nerve of the forearm (O.T. anterior interosseous) arises

from the posterior surface of the median nerve in the tbrearm. It passes distally on
the volar aspect of the interosseous membrane along with the volar interosseous

artery, lies' dorsal to the pronator quadratus muscle, and terminates by supplying
articular filaments to the radio-carpal articulation. In its course the nerve supplies

muscular branches to the flexor pollicis longus, the lateral half of the flexor

digitorum profundus, and the pronator quadratus, minute medullary branches to

the radius and ulna, and twigs to the periosteum and interosseous membrane.

(4) Palmar Ramus.—In the distal third of the forearm a small cutaneous
branch arises, which pierces the deep fascia and crosses the transverse carpal

ligament to reach the palm of the hand. It supplies the skin of the palm and com-
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municates with a similar branch of the ulnar nerve. This branch is not always

present.

Branches in the Hand.—In the hand the median nerve gives off its terminal

branches. These are muscular and cutaneous.

The main muscular branch arises just distal to the transverse carpal ligament and
passes to the base of the thenar eminence ; entering the ball of the thumb super-

ficially on the medial side, it supplies branches to the abductor pollicis brevis,

opponens pollicis, and the jfiexor pollicis brevis.

Posterior
cutaneous
OF ARM

Radial
(r. superficialis

Medial
cutaneous
OF ARM

INTERCOSTO-

VIUSCULO- \
;UTANEOUSj

(Medial
- < ci/tane.ous

i^of forearm

- Volar br. (Median)

- Volar br. (Ulnab)

A B

Fig. 617.—The Distiubdtion ok Cdtaneods Nerves on the front of the Arm and Hand.

(B) is a schematic representation of the areas supplied by the above nerves, the lettering indicating the spinal

origin of the branches of distribution to each area. V. A.L., Ventral axial line.

The cutaneous branches are five in number. Three separate branches supply each

side of the thumb and the lateral side of the index finger. The two remaining

branches {nn. dirjitales volares communes) subdivide at the cleft between the

second and third, and the third and fourth fingers respectively, into branches

.(7171. digitales volares proprii) which supply the adjacent sides of the second and

third, and the third and fourth fingers. From the nerves which supply

respectively the lateral side of the index finger, and the contiguous sides of the

index and third fingers, fine muscular branches arise for the first two lumbrical

muscles. The cutaneous branches of the median nerve are placed in the palm

between the superficial palmar arch and the flexor tendons. They become super-
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ticial at the roots of the fingers between the slips of the palmar aponeurosis, or, in

the case of the nerves to the thumb and lateral side of the index finger, at the lateral

edge of the central portion of the palmar aponeurosis. In the fingers they are placed

superficial to the digital arteries, and are distributed to the sides and volar aspects

of the fingers. Each nerve supplies one or more dorsal branches, distributed to the

skin on the dorsal aspect of the terminal phalanx of the thumb and the distal two

Intercosto-
brachial

MeoiAL
CUTANEOUS
OF FOnEARM

Medial cutaneous
^Radial)

Dorsal cutaneous
OF forearm
(proximal branch)

Dorsal cutaneous
OFcVoREARM
("distal branch)

Musculo -cutaneous

Radial
(R.Superficialis)

Median

A B

Fxo. 618.—The Distributiun uf Cutaneous Nekves on the back of the Arm and Hand.

(B) is a schematic representation of the areas supplied by the above uerve.f, the lettering indicating the spinal

origin of the branches of distribution to each area. D.A.T.. , Dorsal axial line.

phalanges of the first two and a half fingers, thus making up for the deficiency of

the superficial branch of the radial nerve in those situations.

Communications.—(1) The median nerve, in some cases, receives a communicating

branch from the musculo-cutaneous nerve in the arm. (2) It communicates in some

cases, in tlie proximal part of the forearm, with the ulnar nerve beneath the flexor muscles.

(3) It communicates by means of its cutaneous branches with the ulnar nerve in the

palm of the hand {ramus anastonioticus cum nervo ulnari).
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Nervus Ulnaris.

The ulnar nerve arises from the medial cord of the brachial plexus, from

the eighth cervical and first thoracic nerves. It also occasionally has a root from— the lateral cord of the

Nerve to tore.

Axillary iierv

Branches to deltoid

Lateral cutaneous
nerve of the arm

Proximal branch of dorsal
cutaneous nerve of

forearm

Distal braneli of dorsal
cutaneous nerve

of forearm

Fig. 619.

—

The Axillahv and Radial Neuves.

plexus (seventh cervical

nerve). In the axilla it

lies between the axiUary
artery and vein, and behind
the medial cutaneous nerve
of the forearm (O.T. in-

ternal cutaneous) ; in the

proximal half of the arm
it lies on the medial side

of the brachial artery

anterior to the triceps

muscle. In the distal

half of the arm it is separ-

ated from the brachial

artery ; and passing behind
the intermuscular septum,

and in front of the medial

head of the triceps in com-
pany with the superior

ulnar collateral (O.T. in-

ferior profunda) artery, it

reaches the interval be-

tween the medial epicon-

dyle of the humerus and
the olecranon. It is there

protected by an arch of

deep fascia stretching be-

tween the epicondyle and
the olecranon. It enters

the forearm between the

humeral and ulnar origins

of the flexor carpi ulnaris,

and courses distally be-

tween the flexor carpi

ulnaris and flexor digi-

torum profundus. *In the

distal half of the forearm

it becomes comparatively

superficial, lying on the

medial side of the ulnar

artery, overlapped by the

tendon of the flexor carpi

ulnaris. Just proximal to

the transverse carpal liga-

ment, and lateral to the

pisiform bone, it pierces the

deep fascia, in company
with the artery, and passes

into the hand over the

Reaching the palm it divides, under cover of thetransverse carpal ligament,

palmaris brevis muscle, into its two terminal branches, superficial and deep
Branches.—The ulnar nerve gives off no branches till it reaches the forearm.

In the forearm it gives off articular, muscular, and cutaneous branches

^Kp
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The articulax branch is distributed to the elbow-joint and arises as the nerve
passes behind the medial epicondyle of the humerus.

The muscular branches arise as soon as the nerve enters the forearm. They are

distributed to the muscles between which the ulnar nerve lies—the flexor carpi

ulnaris and the medial half of the flexor digitorum yjrofundus.

The cutaneous branches are two in number, palmar and dorsal.

The palmar cutaneous ramus is variable in size and position. It pierces the

deep fascia in the distal third of the forearm and passes to the hypothenar
eminence and palm of the hand, to the skin over which it is distributed. It gives

branches to the ulnar artery, and communicates often with the medial cutaneous
nerve of the forearm and the palmar branch of the median nerve.

The dorsal ramus of the hand is much larger (Fig. 618). It arises from the
ulnar nerve in the middle third of the forearm ; and, directed obliquely distally and
backwards, beneath the tendon of the flexor carpi ulnaris, it becomes cutaneous on
the medial side of the forearm in its distal fourth. It passes on to the back of

the hand, and, after giving off branches to the skin of the wrist and hand which
communicate with the superficial ramus of the radial nerve, it terminates in two
dorsal digital nerves, to supply the little finger and half the ring-finger, in the

following way :—the medial branch courses along the medial side of the dorsum
of the hand and little finger : the lateral branch subdivides at the cleft between
the ring and little fingers to supply the adjacent sides of these fingers ; this

branch communicates with the superficial ramus of the radial nerve. The nerve
may supply two and a half fingers on the dorsum of the hand.

Ramus Volaris Manus.

—

In the palm the ulnar nerve supplies a small muscular
branch to the palmaris brevis, and then subdivides into its terminal branches,

which are named superficial and deep.

Ramus Superficialis.—The superficial branch is purely cutaneous ; it passes

distally deep to the palmar aponeurosis, and subdivides into a medial and a lateral

branch. The medial branch courses along the medial border of the little finger,

which it supplies on its palmar aspect. The lateral branch {common volar digital

nerve) becomes superficial at the cleft between the fourth and fifth fingers, between
the slips of the palmar aponeurosis, and subdivides into two branches {proper volar

digital nerves) which supply the adjacent sides of these fingers on their palmar
aspect. It communicates with the adjacent digital branch of the median nerve.

Ramus Profundus.—The deep branch is purely muscular. It separates from the

superficial branch, and passes deeply between the flexor brevis and abductor digiti

quinti muscles ; it supplies those muscles and the opponens digiti quinti, and,

turning laterally along the line of the deep palmar arch and under cover of the

deep flexor tendons, it supplies branches to the following muscles : interossei, third

and fourth lumbricales (on their deep surfaces), the adductor pollicis (oblique and
transverse parts), and the interosseus primus volaris (deep part of the flexor pollicis

brevis).

Communications.—The ulnar nerve communicates (1), in some cases, with the median
nerve in the forearm

; (2) with the medial cutaneous nerve of the forearm, and sometimes
with the median nerve, by its palmar branch

; (3) with the cutaneous part of the median
nerve in the palm, by means of its terminal cutaneous branches

; (4) with the superficial

ramus of the radial nerve on the dorsum of the hand, by means of its dorsal branch.

Nervus Cutaneus Antibeachii Medialis.

The medial cutaneous nerve of the forearm (O.T. internal cutaneous nerve)
arises from the medial cord of the brachial plexus, from the eighth cervical and first

thoracic nerves (Figs. 614 and 617). In the axilla^ and proximal half of the arm it

lies superficial to the main artery. It becomes cutaneous by piercing the deep fascia

about the middle of the arm on its medial side, and accompanying the basilic vein

through the distal half of the arm, it divides at the front of the elbow into its two
terminal branches.

Branches.—In the arm, as soon as it becomes superficial, the nerve gives off a

branch which supplies the skin of the distal half of the anterior surface of the
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arm on its medial side. At the elbow it divides into two terminal branches

—

volar and ulnar, which, crossing superficial or deep to the median basilic vein, are

distributed to the medial side of the forearm.

The volar branch can be followed to the wrist and supplies the whole of the

volar surface of the forearm in the medial half; the ulnar branch is not so large,

and, passing obUquely backwards and distally over the origins of the pronator

and flexor muscles, it is distributed to the proximal two-thirds or three-fourths of

the dorsal aspect of the forearm on the medial side.

Communication.—The medial cutaneous nerve of the forearm communicates

with the volar branch of the ulnar nerve in the distal part of the forearm.

Nervus Cutaneus Brachii Medialis.

The medial cutaneous nerve of the arm (O.T. lesser internal cutaneous nerve)

arises from the medial cord of the brachial plexus, and ultimately from the first

thoracic nerve (Eig. 614, p. 701). It lies at first between the axillary artery and
vein ; and after descending over, under, or even, in some cases, through the axillary

vein, it perforates the deep fascia and is distributed to the skin of the arm for the

proximal half or more on its medial side.

The nerve varies considerably in size. It may be absent, its place being taken by branches

of the intercosto-brachial or by branches from the posterior cutaneous branch of the radial nerve.

It generally bears a distinct relation in size to the intercosto-brachial, due to the fact that the size

of the latter dejjends upon the size of the part of the second thoracic nerve connected with the

tirst in the thorax. If an intra-thoracic connexion occurs between the first and second thoracic

nerves, the intercosto-brachial may be deprived of a certain number of its fibres, which in

that case reach the upper limb through tjae medial cutaneous nerve of the arm. When traced

up to the plexus the medial cutaneous nerve of the arm is found to have an origin from the

posterior part of the cord formed by the eighth cervical and first thoracic nerves, and usually

receives fibres from the first thoracic nerve only. In cases where " axillary arches " are present

they may be supplied by this nerve.

Nervus Axillaris.

The axillary nerve (O.T. circumflex) at its origin is just below the supra-

scapular and comes from the same spinal nerves—the fifth and sixth cervical

nerves (Fig. 614, p. 701). Extending distally and laterally behind the axillary

artery, it leaves the axilla by passing round the lateral border of the subscapularis

muscle, in company with the posterior circumflex artery of the humerus, in a quadri-

lateral space bounded by the humerus, subscapularis, triceps (long head), and teres

major. Winding round the surgical neck of the humerus from medial to lateral

side, it terminates by supplying the deltoid muscle (Fig. 619, p. 708).

Branches.—Muscular branches are supplied to the teres minor and deltoid

muscles. The nerve to the teres minor enters the lateral aspect of the muscle. It

possesses a pseudo-ganglion, a thickening of fibrous tissue, on its trunk.

Articular branches enter the posterior part of the capsule of the shoulder-joint.

A cutaneous branch of considerable size

—

the lateral cutaneous nerve of the arm—
passes obliquely distally and forwards from beneath the deltoid muscle, becoming
superficial at its posterior border. Sometimes branches pierce the muscle. It

supplies the skin over the insertion of the deltoid and the proximal half of the arm
on its lateral aspect (Figs. 617, p. 706, and 618, p. 707).

Nervus Kadialis.

The radial nerve (O.T. musculo-spiral) appears to be the continuation into the

upper limb of the posterior cord of the brachial plexus. It usually takes origin

from all the nerves which form the posterior cord—the fifth, sixth, seventh, and
eighth cervical and first thoracic nerves (Fig. 614, p. 701). In some cases the first

thoracic contributes no fibres, and often the fifth cervical nerve is excluded
from it. It extends from the axilla, round the back of the humerus, to the bend of

the elbow, where it ends by dividing into its swperficial and deep terminal branches.
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Radial Nerve.

In the axilla it lies behind the axillary artery, and in trout of the subscapularis,

teres major, and latissimus dorsi muscles.

In the arm, in the proximal third, it lies to the medial side of the humerus, l)ehind

the brachial artery, and upon the lon^' head of the triceps. In the middle third of

the arm it courses obliquely laterally and distally in the radial groove of the
humerus, along with the profunda brachii artery, separating the long, lateral, and
medial heads of the triceps muscle (I'ig. 619, p. 708). In the distal third of the arm,
piercing the proximal part of the intermuscular septum at the lateral border of the
triceps muscle, it passes to the bend of the elbow in front of the lateral epicondyle
of the humerus, in the interval between the brachio-radialis and brachialis muscles.

Under cover of the former muscle, in the hollow of the elbow, it divides into its

two terminal branches, the superficial and deep rami.

The collateral branches are in three sets, arising (a) on the medial side, (&)
on the back, and (c) on the lateral side of the humerus
(Fig. 620).

1. Branches arising medial to the Humerus,

—

1. N. cutaneus brachii posterior (O.T. upper internal

cutaneous branch of musculo-spiral).—The posterior

cutaneous nerve of the arm, arisimf in common with
one of the following, or independently, pierces the
fascia on the medial side of the arm near the axilla.

It supplies the skin of the posterior surface of the arm
in the proximal third, proximal and posterior to the

area supplied by the medial nerve of the arm (O.T.

lesser internal cutaneous) (Fig. 618, p. 707). This
nerve varies in size, according to the bulk of the last-

named and the intercosto-brachial nerves.

2. Rami Musculares.—The muscular branches are

in two sets. One series supplies the long head
of the triceps muscle near its origin ; the other series

enters the medial head of the muscle. One of the

latter, separating itself from the rest, accompanies the

ulnar nerve in the middle third of the arm, and sup-

plies the distal part of the muscle. This is sometimes
called the collateral ulnar nerve.

II. Branches arising on the Posterior Surface
of the Humerus.—Muscular branches arise from the

nerve in the radial groove for the supply of all

three heads of the triceps muscle. The branch
which enters the medial head of the muscle, besides

supplying it, passes through the muscle and behind
the lateral epicondyle of the humerus, to terminate in

the ancouseus.

III. Branches arising at the Lateral Side of the
Humerus.— 1. The dorsal cutaneous nerve of the forearm
con.sists of two branches, proximal and distal. Arising
from the radial nerve before it pierces the lateral intermuscular septum, these

branches pierce the deep fascia close together on the lateral side of the arm in

its distal half. Passing distally over the back of the lateral epicondyle, the
proximal branch supplies the skin of the lateral side and posterior surface of the

arm in its distal third, and the dorsal surface of the forearm in its proximal half.

The distal branch supplies an area of skin on the dorsal surface of the forearm
in the proximal two-thirds, medial to the area innervated by the musculo-cutaneous
nerve (Fig. 618, p. 707).

2. Muscular Branches.—The radial nerve, as it lies in the interval between
the brachialis and brachio-radialis muscles, supplies a small branch to the brachiahs
(which in some cases is not present) and nerves to the brachio - radialis and
extensor carpi radialis longus. It may also provide the nerve to the extensor
carpi radialis brevis.
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Ramus Superficialis Nervi Radialis.

The superficial ramus (O.T. radial nerve) is entirely cutaneous in its dis-
tribution. Arising in the hollow of the elbow beneath the brachio-radialis, it courses

distally under cover of that

muscle through the proximal
two -thirds of the forearm,

and accompanies the radial

artery in the middle third of

the forearm. It then passes

backwards, under cover of the
tendon of the brachio-radialis,

and pierces the deep fascia on
the lateral aspect of the fore-

arm in the distal third. It is

distributed to the skin of the

dorsum of the wrist, the lateral

side and the dorsum of the

hand, and the dorsum of the

thumb and lateral two and a

half fingers (Fig. 618, p. 707).

Its branches communicate, on
the ball of the thumb, with
the musculo-cutaneous nerve,

and, on the dorsum of the

hand, with the dorsal branch
of the ulnar nerve {ramus
anastomoticus ulnaris). The
digital nerves are small, and
are five in number. Two
pass to the back of the thumb
and reach the level of the

inter-phalangeal articulation.

One supplies the lateral side

of the index finger as far as

the second phalanx. The re-

maining two branches divide

at the clefts between the

second and third, and third

and fourth fingers respect-

ively, and innervate the ad-

jacent sides of those fingers

as far as the second phalanx.

The rest of the skin of those

digits to the tips is supplied

by digital branches of the

median nerve. The nerve may
only supply the thumb and
one and a half fingers, being

replaced by branches from the

ulnar nerve.

Radial nerv

Superficial ranms

Deep ramus

Deep ramu

Muscular branches to superficial muscles ''

Dorsal interosseous artery"''

Dorsal interosseous nerve'-

Muscular branch to abductor poUicis longus---

Muscular branch to extensor poUicis longus

Muscular branch to extensor indicis proprius'

Muscular branch to extensor pollicis brevis ^-

Terminal branch to carpal joints,

FlO. 621.—Dl.STRIBCTION OF THE DEEP BllANCH OK THE
Radial Nerve.

Ramus Profundus Nervi Radialis.

The deep ramus (O.T. posterior interosseous nerve) is entirely muscular and
articular in its distribution. It arises, like the superficial ramus, under cover of the

brachio-radialis muscle. Directed obliquely distally and backwards, it reaches

the back of the forearm, after passing round the lateral aspect of the radius, by
piercing the fibres of the supinator muscle (Fig. 621). On the dorsal surface of the
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forearm it is called the dorsal interosseous nerve, and is placed iu the proximal part

of its course beneath the superficial extensor muscles, and upon the supinator and
abductor poUicis longus, along with the dorsal interosseous artery. In the distal

half of the forearm it passes under cover of the extensor pollicis longus, and lies

upon the interosseous metnbrane. At the wrist it passes deep to the extensor

tendons, on to the back of the carpus, wliere it terminates in a gangliforni enlarge-

ment of small size, from which branches pass to the inter-carpal articulations. The
nerve supplies the following branches:—

(1) Terminal articular branches to the carpal joints.

(2) Muscular branches, iu its course through the forearm. Thus, on the lateral

side of the radius, it supplies the extensor carpi radialis Itrevis and the supinator

muscles before it auters the fibres of the last-named muscle. After emerging from

the supinator it supplies a large bundle of nerves which enter the extensor

digitorum communis, extensor digiti quiiiti proprius, and extensor carpi ulnaris, near

their origins. At a more distal level the nerve fjives off branches to the abductorO
^ ^

"...
pollicis longus, extensor pollicis longus and extensor pollicis brevis, and extensor

indicis proprius.

Nervi Subscapulares.

There are two sul)scapular nerves (Figs. 614 and 616).

The first or short subscapular nerve is generally double, and there may be

three trunks present. It arises from the posterior cord of the plexus behind the

axillary nerve, and comes from the fifth and sixth cervical nerves. It passes

distally behind the axillary artery and enters the subscapularis muscle.

The second or lower subscapular nerve also arises behind the axillary nerve

from the posterior cord of the plexus (from the fifth and sixth cervical nerves).

Its origin is distal and lateral to that of the first nerve. It courses distally

behind the axillary artery and the axillary and radial nerves, to the teres

major muscle. It supplies branches to the lateral part of the subscapularis

muscle and ends in the teres major.

Nervus Thoracodorsalis.

The thoraco-dorsal nerve (O.T. long subscapular) arises from the back of the

posterior cord of the plexus, behind the radial nerve, and from the sixth, seventh,

and eighth cervical nerves, or from the seventh and eighth nerves only. It is

directed distally and laterally between the two preceding nerves, behind the axillary

artery and over the posterior wall of the axilla, in company with the subscapular

artery, to the latissimus dorsi muscle, which it supplies on its anterior (deep)

surface.

NERVI THORACALES.

The anterior rami of the thoracic nerves are twelve in number, each nerve
emerging below the corresponding vertebra and rib. Eleven of the series are

intercostal, the twelfth lying below the last rib. The first, second, third, and
twelfth nerves present peculiarities in their course and distribution. The other
thoracic nerves, as already stated, are simple, and may be regarded as types
both in course and distribution.

The anterior ramus of the first thoracic nerve is the largest of the series.

It emerge? from the vertebral canal below the neck of the first rib, and divides

in the first intercostal space into two very unequal, superior and inferior, parts.

The superior and larger part ascends obliquely over the neck of the first rib, lying
lateral to the arteria intercostalis suprema, and enters the neck behind the sub-

clavian artery and the pleura. It proceeds laterally upon the scalenus
medius muscle and enters into the formation of the brachial plexus, as already
described.

The inferior, intercostal part of the nerve is much smaller in sfte. It courses

I
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forwards in the first intercostal space and supplies the intercostal muscles. It

usually gives off no anterior branch to the skin of the chest and no lateral

cutaneous branch.

In some cases a lateral cutaneous brancli emerges from the side of the first intercostal space.

This may be derived from the first nerve, or it may be the intercosto-bracMal nerve, i.e. the lateral

branch of the second thoracic nerve. In many cases an anterior cutaneous branch perforates

the first intercostal space and supplies the skin on the front of the chest. This branch, similarly,

is sometimes traceable to the second thoracic nerve.

Communications.— Besides its junction with the eighth cervical to form the

brachial plexus, the first thoracic nerve effects the following communications :—(a) The
last cervical or first thoracic ganglion of the sympathetic sends a gray ramus communi-

cans to join the nerve on its appearance in the thorax. (6) The second thoracic nerve in

a majority of cases communicates with the first. This communication varies considerably

in size and distribution. It may reinforce the intercostal branch of the nerve, it may
send one bi-anch to the intercostal portion and another to the part of the nerve joining the

Posterioi- cohunii of spinal i

Posterior nerve-root
.interior nerve-root

I

Anterior column of spinal medulla

Spinal ganglion

Posterior ramus (medial brai.ch)

Posterior ramus (lateral branch
Recurieiit meningeal branch (uniting with a sympathetic branch)^

Gray ramus communicans '>^,
"

Splanchnic branch (white ramus~.^
communicans)^

Anterior ramu:

Lateral branch (posterior
subdivision;

Anterior ramus

Lateral branch (anterior
subdivision)

Gangliated sympathetic trunk
Efferent (vaso-motor) branch .

Cardinal vein

Mesentery

Intestinal canal

Fig. 622.

—

Scheme of the Distribution of a Tyi'Ical Spinal Nekve.

brachial plexus, or it may consist of a nerve proceeding solely to join the brachial plexus by

a junction in the first intercostal space with the part of the first thoracic nerve, which is

engaged in forming the plexus, (c) It is possible that the first white ramus communicans

in the thoracic region connects the first thoracic nerve with the sympathetic trunk, but

this is not known with certainty.

The anterior ramus of the second thoracic nerve is of large size, though much
smaller than the first. It passes forwards in the second intercostal space, lyiug

at first in the costal groove, between the external and internal intercostal

muscles. At the level of the mid-axillary line it gives off a large lateral branch

;

continuing its course, it pierces the internal intercostal muscle and lies upon the

pleura ; finally, at the lateral border of the sternum, it passes forwards in front of

the internal mammary artery and through the internal intercostal muscle, and
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the aponeurosis of the external intercostal muscle and pectoralis major, and ends

Fig. 623.—The Distribution of Cutaneous Nerves on the front of the Trunk.
On one side the distribution of the several nerves is represented, the letters indicating their nomenclature.

G.A, Great auricular nerve
; S.C, N. cutaneus colli ; S.Cl, Supra-clavicular nerves ; Acr. Posterior ; Cl, Middle

;
St, Anterior; T.2-12, Lateral and anterior branches of thoracic nerves ; I.H, Ilio-hypogastric nerve;
I.I, Ilio-inguinal nerve

; Circ, Cutaneous branch of axillary nerve ; L.I.C, Medial cutaneous nerve of the'
arm(O.T. lesser internal cutaneous nerve) ; I.H, Intercosto-brachial ; I.C. Medial cutaneous nerve of the
forearm (O.T. internal cutaneous) ; M.S. Cutaneous branch of radial nerve ; E.C, Lateral cutaneous nerves

;

G.C, Lumbo-inguinal nerve
; M.C'-, Intermediate cutaneous nerves ; I.C, Branch of medial cutaneous

nerve
; P, Branches of pudendal nerve ; S.Sc, Branches of posterior cutaneous nerve of the thigh.

On tlie other side a schematic representation is given of the areas supplied by the above nerves, the numerals
indicating the spinal origin of the branches of distribution to each area.

by supplying the skin of the front of the chest over the second intercostal space.
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The nerve supplies the following branches :

—

1. Muscular branches to the muscles of the second intercostal space.

2. Cutaneous branches, {a) Anterior terminal branches to the skin over the

second intercostal space (Fig. 623). (6) A large lateral cutaneous branch, the intercosto-

brachial (O.T. intercosto-humeral) nerve (Fig. 614, p. 701). This nerve pierces the

intercostal and serratus anterior muscles, and, crossing the axilla, extends to the arm.

It pierces the deep fascia just beyond the posterior fold of the axilla, and can be traced

as far as the interval between the medial epicondyle of the humerus and the olecranon.

It supplies an area of skin stretching across the axilla and along the posterior surface of

the arm on the medial side as far as the elbow (Fig. 617, p. 706). It may supply the

axillary arches, when present.

The intercosto-brachial nerve varies in size. It may pierce the first intercostal space, and it

is often divisible into anterior and posterior branches, like the lateral branch of an ordinary
intercostal nerve.

Commimications.—(1) The intercosto-brachial nerve communicates with two adjacent

nerves. Either before or after piercing the fascia of the axilla it is joined by the medial

cutaneous nerve of the arm. It also communicates with the posterior part of the lateral

branch of the third intercostal nerve by means of the branches distributed to the floor and
boundaries of the axilla. (2) Besides the branches referred to, the second thoracic nerve

in many cases transmits a nerve to the brachial plexus, which becomes incorporated with

the first thoracic nerve after passing over the neck of the second rib. This branch is

inconstant. As already mentioned, it may join only the intercostal part of the first

thoracic nerve, it may join the brachial plexus only, or it may send branches to both
parts of the first thoracic nerve. (3) Besides the communications effected by branches

of the second thoracic nerve in its course, it also receives a gra^ ramus communicans
from the second thoracic ganglion of the sympathetic trunk in the thorax. It also sends

to the sympathetic a white ramus coynmunicans, probably the first, though this is not

known with certainty.

The anterior ramus of the third thoracic nerve differs from a typical thoracic

nerve only in one respect. Its lateral branch divides in the usual way into

anterior and posterior parts, of which the latter is carried to the arm and supplies

an area of skin on the medial side near the root of the limb. It effects a junction

with the intercosto-brachial nerve (Fig. 614, p. 701).

The anterior rami of the fourth, fifth, and sixth thoracic nerves have a course

and distribution which is simple and typical. Except for the peculiarities above
mentioned, the second and third thoracic nerves have a similar distribution.

The nerves lie on the posterior wall of the thorax, in the costal groove of the

corresponding rib. They extend forwards between the intercostal muscles as far

as the middle of the chest wall, lying at a lower level than the intercostal vessels.

At the side of the chest each nerve passes obliquely through the internal intercostal

muscle, and comes to lie upon the pleura, transversus thoracis muscle, and
internal mammary artery. Thereafter, piercing the fibres of the internal inter-

costal muscle, the aponeurosis of the external muscle, and the pectoralis major,

each nerve ends by supplying the skin of the front of the chest, over an area

corresponding to the medial or anterior part of the intercostal space to which
it belongs.

Branches.—Each intercostal nerve supplies, in addition to the anterior terminal

cutaneous branches, muscular hranches to the intercostal muscles and a lateral

cutaneous ramus, which, piercing the intercostal and serratus anterior muscles,

divides into anterior and posterior branches for the innervation of the skin over

the side of the chest. Each area of skin thus innervated is continuous anteriorly

with the area innervated by the anterior rami of the same nerves, and posteriorly

with the areas supplied by their posterior rami.

The upper six intercostal nerves supply the muscles of the first six intercostal

spaces and the transversus thoracis (3, 4, 5, 6). The second, third, fourth, fifth,

and sixth nerves supply the skin of the front of the chest : the second, opposite

the sternal synchondrosis ; the sixth, opposite the base of the xiphoid process.

Their lateral branches supply branches to the intercostal muscles and the skin of
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the side of the chest, the second (intercosto-brachial) and the third, in part, being

drawn out to the arm. The fourth supplies the nipple (Fig. 623).

Communications. Kuch of these iuterco.stal nerves communicates with the sympathetic

trunk and jjjanglia by two branches a rvhitf ramus comrnunicans to tbe corresponding sym-
pathetic ganghon or the adjacent part of the sympathetic trunk ; and a gray ramus com-

viunicans, which passes to each nerve from the corresijonding ganghon.

The anterior rami of the seventh, eighth, ninth, tenth, and eleventh thoracic

nerves tlifler from the preceding nerves only in regard to a part of their course and
distribution. Each has the same course and communications as the preceding nerves

in the thoracic wall. In addition, these nerves have a further course and distribu-

tion in the abdominal wall. Each nerve traverses an intercostal space in the way
described. At the anterior end of the space, the nerve pierces the attachment of

the diaphragm and the transversus abdominis muscle to the costal cartilages, and
courses forwards in the abdominal wall between the transversus and obliquus

internus muscles. The nerve then passes between the rectus abdominis muscle
and tlie posterior layer of its sheath, and eventually reaches the anterior abdominal
wall and becomes cutaneous by piercing the rectus abdominis itself and the anterior

layer of its sheath.

Muscular Branches.—The lower intercostal nerves supply the intercostal

muscles of the spaces in which they lie ; and in the abdominal wall they innervate

the transversus, obliquus externus and internus, and rectus abdominis. The
branches arise from the main trunk as well as from its lateral and anterior

branches. (The ninth, tenth, and eleventh nerves are described as assisting in the

innervation of the diaphragm by communications with the phrenic nerve.)

Cutaneous Branches.—These are lateral and anterior. The lateral branches

divide into anterior and posterior parts, and, becoming superficial along the line of

inter-digitation of the obliquus externus muscle with the serratus anterior and
latissimus dorsi, they are directed more obliquely downwards than the lateral

branches of the higher intercostal nerves, and are distributed to the skin of the

loin as low down as the buttock. The lateral branch of the eleventh nerve can be

traced over the iliac crest (Fig. 625).

The anterior branches are small. That of the seventh nerve innervates the skin

at the level of the xiphoid process. The eighth and ninth appear between the

xiphoid process and the umbilicus; the tenth nerve supplies the region of the

umbilicus ; and the eleventh, the area immediately below the umbilicus.

The cutaneous branches of these nerves, inchiding those of the posterior rami, thus supply
continuous belts of skin, which can be mapped out on the body from the vertebral cohunn
behind to the median plane in front. These areas are not placed horizontally, but tend to be

drawn more downwards anteriorly as the series is followed from the upper to tbe lower nerves.

The anterior ramus of the twelfth thoracic nerve is peculiar in its course

and distribution. It emerges below the last rib (Fig. 625), and passes laterally

and downwards in the posterior abdominal wall under cover of the psoas muscle,

and between the lateral lumbo-costal arch and the quadratus lumborum muscle

:

it pierces the transversus abdominis muscle, and courses forwards in the interval

between it and the obliquus internus as far as the sheath of the rectus muscle.

After piercing the posterior layer of the sheath, the rectus muscle, and the anterior

layer of the sheath, it terminates by supplying the skin of the anterior abdominal

wall midway between the umbilicus antl the os pubis. The branches of the nerve

are muscular to the transversus, obliqui, rectus, and pyramjdalis muscles of the

abdominal wall; and cutaneous branches, two in number— an anterior terminal

branch, which supplies the skin of the anterior abdominal wall midway between

the umbilicus and the pubis, and a large lateral cutaneous branch, which, passing

obliquely downwards through the lateral muscles of the abdominal wall, becomes

superficial above the iliac crest, a couple of inches behind the anterior superior

spine. It supplies the skin of the buttock as far dow^n as a point below and
anterior to the greater trochanter of the femur (Fig. 623, p. 715).

The twelfth thoracic nerve, in many cases, receives a commanicating branch from the eleventh,

near its origin, and still more frequently sends a line branch to join the origin of the first
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lumbar nerve in the psoas muscle. It may communicate also with the ilio-hypogastric nerve, as

they lie together in the abdominal wall.

Inter-communications of tlie Thoracic Nerves.—It has been noted already that the belts or
areas of skin supplied by the branches of the thoracic nerves are also innervated by adjacent
nerves on either side which invade the area supplied by a given nerve. Communications also

take place between the branches of the nerves supplying the intercostal muscles, whereby the
muscles of a given space derive their innervation from more than one intercostal nerve.

SvMPATHCTie-
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Fig. 624.

—

Neiutis ok the Ldmbo-Sacral Plexus.

PLEXUS LUMBOSACRALIS.

The lumbo-sacral plexus is formed by the union of the anterior rami of the

remaining spinal nerves—five lumbar, five sacral, and one coccygeal. Frequently

J
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a fine communicating branch of the twelfth thoracic nerve joins the first lumbar
nerve near its origin.

Of the nerves in question the first sacral is generally the largest iii size, the
nerves diminishing gradually above and rapidly below this nerve. The plexus,

for the most part, forms the nerves destined for the supply of the lower limb. In
addition, however, nerves arise at its su|ierior limit which are distrihoited to the
trunk above the level of the limb, and at the inferior end of tUe plexus nerves
arise for the supply of the perineum.

Tartly for convenience of description, and partly on account of the differences

in position and course of some of the nerves emanating from it, the plexus is sub-
divided into three subordinate parts— lumbar, sacral, and pudendal plexuses.

There is, however, no strict line of demarcation between the three parts.

Plexus Lumbalis.—The lumbar plexus is formed by the first four lumbar
nerves, and is often joined by a Ijranch Irom the twelfth thoracic nerve as well.

It is limited below by the fourth lumbar nerve (w. furcalis), which enters also

into the composition of the sacral plexus. The nerves of the lumbar plexus are

formed in the loin, and supply that region as well as part of the lower limb.

They are separated from the nerves of the sacral portion of the plexus by the
articulation of the hip bone with the sacrum.

Plexus Sacralis.—The sacral plexus is formed by the fourth and fifth lumbar,
and the first two or tliree sacral nerves. It is generally limited below by the third

sacral nerve (n. higeminus), which assists also in forming the pudendal plexus. The
nerves of the sacral plexus are placed on the posterior wall of the pelvis, and are

destined almost entirely for the lower limb.

Plexus Pudendus.—^The pudendal plexus is formed by the second, third,

fourth, and fifth sacral nerves, and the minute coccygeal nerve. It is placed on
the posterior wall of the pelvis and supplies branches mainly to the perineum.

Communications with the Sympathetic.—Each of these nerves has communica-
tions with the gangUated trunk of the sympathetic in the abdomen and pelvis.

Gray Rami Communicantes.—From the lumbar and sacral ganglia long slender gray
rami communicantes are directed backwards and laterally over the bodies of the vertebrje,

and (in the lumbar region) beneath the origins of the psoas muscle, to reach the spinal

nerves. These branches are irregular in their arrangement. A given nerve may receive

branches from two ganglia, or one ganglion may send branches to two nerves. The rami
are longer in the loin than in the pelvis, owing to the projection of the lumbar portion of

the vertebral column.

White Rami Communicantes.—Certain lumbar and sacral nerves are also connected
with the abdominal and pelvic sympathetic by means of u'hite rami communicantes. From
the first two, and possibly in some cases also the third and fourth lumbar nerves, white
rami communicantes are directed forwards, either independently or incorporated with the

corresponding gray rami, to join the upper part of the lumbar sympathetic trunk. The fifth

lumbar nerve and the first sacral nerves are unprovided with white rami communicantes.
From the anterior rami of the second and third, or third and fourth sacral nerves, white

rami (visceral or splanchnic branches) pass medially, and, crossing over (without joining)

the sympathetic trimk, enter the pelvic plexus of the sympathetic. The fifth sacral and
coccygeal nerves possess no white rami communicantes.

PLEXUS LUMBALIS.

The lumbar plexus is formed by the anterior rami of the first three and a part

of the fourth lumbar nerves, with the addition, in some cases, of a small branch
from the twelfth thoracic nerve. The nerves increase in size from above down-
wards (FiL,r. 624).

Position and Constitution.—The plexus is formed in the substance of the psoas

muscle, in front of the transverse processes of the lumbar vertebrae. The nerves,

on emerging from the intervertebral foramina, are connected as above described

with the sympathetic system, and then divide in the following manner in the sub-

stance of the psoas major muscle. The first and second nerves divide into superior
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and inferior branches. The superior branch of the first nerve (which may be joined

by the branch from the twelfth thoracic nerve) forms two nerves, the ilio-hypogastric

and ilio-inguinal. The inferior branch of the iirst joins the superior branch of the

second nerve, to produce the genito -femoral nerve (O.T. genito-crural). The inferior

branch of the second nerve, the whole of the third, and that part of the fourth

nerve engaged in the constitvition of the plexus divide each into two unequal parts

—smaller anterior and \a,xgQr posterior parts. The smaller anterior portions combine
together to form the obturator nerve, which is thus formed by the second, third, and
fourth lumbar nerves. The root from the second nerve is not always present. The
larger posterior portions of the same nerves combine together to form the femoral

nerve (O.T. anterior crural). From the posterior aspect of the posterior parts of the

second and third nerves the lateral cutaneous nerve of the thigh (O.T. external

cutaneous) arises. The nerves also provide, near their origins, irregular muscular

branches for the psoas and quadratus lumborum muscles. The following is a list

of the nerves which spring from the lumbar plexus (Figs. 624 and 625) :

—

(1) Muscular branches to the quadratus (4) Genito-femoral.

lumborum and psoas muscles. (5) Lateral cutaneous.

(2) Ilio-hypogastric. (6) Obturator.

(3) Ilio-inguinal. (7) Femoral.

Muscular Branches.—The nerves to the quadratus lumborum muscle arise

independently from the first three or four lumbar nerves (and sometimes also from

the twelfth thoracic nerve). The nerves to the psoas muscles arise from the second

and third lumbar nerves, with additions, in some cases, from the first or fourth.

They are often associated in their origin with the nerve to the iliacus from the

femoral nerve. The psoas minor, when present, is innervated by the first or

second lumbar nerve.

The ilio-hypogastric and ilio-inguinal nerves closely resemble, in their course

and distribution, the lower thoracic nerves, with which they are in series.

N. Iliohypogastricus.—The ilio-hypogastric nerve is the highest branch of

the first lumbar nerve. It receives fibres also from the twelfth thoracic, when
that nerve communicates with the first lumbar nerve. After traversing the psoas

muscle obliquely, it appears at its lateral border, on the surface of the quadratus

lumborum and behind the kidney. It courses through the loin, lying between the

transversus and obliquus abdominis internus muscles, above the crest of the ilium.

About an inch in front of the anterior superior spine it pierces the obliquus internus,

and continues its course in the groin beneath the aponeurosis of the obliquus ex-

ternus. It finally becomes cutaneous in the anterior abdominal wall, by piercing

the aponeurosis of the obliquus externus about an inch and a half above the sub-

cutaneous inguinal ring (Fig. 623, p. 715).

Its branches are—(1) muscular to the muscles of the abdominal wall ; and (2)

cutaneous branches, two in number. The lateral cutaneous branch corresponds

with the lateral branch of an intercostal nerve, and, after piercing the obliquus

internus and obliquus externus, becomes cutaneous just above the iliac crest, below

and behind the iliac branch of the last thoracic nerve. It is small, and may be

absent. It is distributed to the skin over the superior part of the lateral side of

the buttock, in continuity with the cutaneous branch of the posterior ramus of

the first lumbar nerve. The anterior cutaneous branch is the anterior terminal

branch of the nerve. It supplies the skin of the anterior abdominal wall below

the level of the last thoracic nerve and above the os pubis.

N. Ilioinguinalis.

—

The ilio-inguinal nerve is the second branch given off

from the first lumbar nerve. It also may receive fibres from the last thoracic

nerve. Not infrequently the ilio-hypogastric and ilio-inguinal nerves are repre-

sented for a longer or shorter part of their course by a single trunk. When
separate the nerve takes a course similar to that of the ilio-hypogastric nerve,

but at a lower level, as far as the anterior abdominal wall. It then pierces the

obliquus internus farther forward and lower down than the ilio-hypogastric;

and coursing forwards beneath the aponeurosis of the obliquus externus, just
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above the inguinal ligament, it becomes superficial after passing through the
subcutaneous inguinal ring and external spermatic fascia (Fig. 62.3, p. 715).

Its branches are muscular to the muscles of the abdominal wall, among which it

passes, and cutaneous branches {anterior scrotal, or labial nerves), which innervate
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—

The Mdsclks axd Xebvks on the Posteiuor Abdominal Wall.

the skin (1) of the anterior abdominal wall over the symphysis pubis, (2) of the

thigh over the proximal and medial part of the femoral triangle, and (3) of the

superior part of the scrotum, and root and dorsum of the penis (of the mons Veneris
and labium majus in the female). These last-named branches are contiguous to

branches of the perineal and pudendal nerves. No lateral cutaneous branch arises

from the ilio- inguinal nerve. It thus corresponds, like the anterior cutaneous
part of the ilio-hypogastric nerve, to the anterior trunk of a typical thoracic nerve.

47
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N. Genitofemoralis.—The genito-femoral nerve (O.T. genito-crural) usually

arises by two independent roots from the front of the first and second lumbar
nerves, which unite iu the substance of the psoas major to form a slender trunk.

It appears on the posterior abdominal wall, lying on the psoas major, medial to

the psoas minor, and, piercing the psoas fascia, it extends downwards on the lateral

aspect of the common and external iliac vessels and behind the ureter, to the

inguinal ligament (Fig. 625, p. 721). At a variable point above that ligament it

divides into two branches. 1. The external spermatic branch is a small nerve.

It crosses the terminations of the external iliac vessels, and, along with the ductus

deferens and testicular and external spermatic vessels, enters the inguinal canal

through the abdominal inguinal ring. It terminates by supplying small branches

to the skin of the scrotum and adjacent part of the thigh. In the female it

accompanies the round ligament to the labium majus. This nerve gives off in its

course the following small branches: (1) to the external iliac artery; (2) to

the cremaster muscle; (3) to communicate with the spermatic plexus of the

sympathetic. 2. The lumbo -inguinal branch continues the course of the parent

nerve into the thigh, lying on the lateral aspect of the femoral artery. It becomes

cutaneous by passing through the fossa ovalis or through the iliac portion of the

fascia lata, and supplies an area of skin over the femoral triangle, lateral to

that supplied by the ilio-inguinal nerve (Fig. 623, p. 715). It communicates

in the thigh with the intermediate cutaneous branch of the femoral nerve.

Before piercing the deep fascia it gives a minute branch to the femoral artery,

N. Cutaneus Femoris Lateralis,—The lateral cutaneous nerve of the thigh

is distributed only to the skin (Fig. 625). It arises from the back of the lumbar

plexus, and usually from the second and third lumbar nerves. Emerging from the

lateral border of the psoas major muscle, the nerve crosses the iliacus muscle, beneath

the fascia iliaca, to reach the anterior superior iliac spine. It enters the thigh beneath

the lateral end of the inguinal ligament, and either over, under, or through the

origin of the sartorius muscle. It extends distally along the front of the thigh for

a few inches, lying at first beneath the fascia lata, and afterwards in a tubular

investment of the fascia. It gives off small branches in this part of its course, and
finally, piercing the fascia about four inches distal to the anterior superior iHac

spine, it separates into anterior and posterior terminal branches. The anterior branch

is the larger, and is distributed on the lateral aspect of the front of the thigh almost

to the knee. The smaller posterior branch supplies the skin of the lateral side of

the buttock, distal to the greater trochanter, and the skin of the proximal two-

thirds of the lateral aspect of the thigh (Fig. 625, p. 721).

Nervus Obturatorius.

The obturator nerve supplies the muscles and skin on the medial side of

the thigh. It arises in the substance of the psoas major muscle by three roots

placed in front of those of the femoral nerve, and derived from the second, third,

and fourth lumbar nerves (Fig. 624, p. 718), Sometimes the root from the second

nerve is absent. Passing vertically downwards, the nerve emerges from the psoas

major at its medial border, behind the common iliac, and on the lateral side

of the hypogastric vessels. It passes forwards below the pelvic brim in company
with the obturator artery to the obturator groove of the obturator foramen, through

which it reaches the thigh. While in the obturator groove it separates into its

two main branches, named anterior and posterior (Fig. 626, p, 723).

The anterior (O.T. superficial) branch enters the thigh in front of the obturator

externus and adductor brevis muscles, and behind the pectineus and adductor

longus. In the middle third of the thigh it is found coursing along the medial

border of the adductor longus, anterior to the gracilis ; and it finally divides into

two slender terminal filaments, of which one enters the adductor canal and ends on

the femoral artery, while the other supphes the skin for a variable distance on the

medial side of the thigh and joins in the obturator plexus.

The branches of the anterior part of the nerve are :

—

I
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1. An articular branch to the hip-joint, which arises from the nerve as soon as

it enters tho thigli, and supi)lie8 the joint through the acetabular notch.

2. Muscular branches to the adductor longus, gracilis, adductor brevis (usually),

pectineus (occasionally). The last-named muscle is not usually supplied from the

obturator nerve. •

3. A cutaneous branch of very variable size forms one of the terminal branches

(Fig. 626). It becomes .superficial between the gracilis and adductor longus, in the

middle third of the thigh, and may supply the skin of the distal two-thirds of the

thigh on its medial side. It is generally of small size, and is connected with

branches of the medial cutaneous and saphenous nerves behind the sartorius muscle

to form the obturator (O.T. sub-sartorial) plexus. The branch from the saphenous

nerve to the plexus passes medially behind the sartorius after piercing the
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Scheme of the Course and Distribution of the Obturator Nerve.

aponeurotic covering of the adductor canal. The branch from the medial cutaneous

nerve is generally superficial at the point of formation of the plexus.

4. The branch to the femoral artery is the other terminal branch of the

nerve. It enters the adductor canal along the medial border of the adductor

longus, and ramifies over the distal part of the artery.

5. A fine communicating branch sometimes joins the femoral nerve in front

of the hip-joint.

The posterior (O.T. deep) branch of the obturator nerve reaches the thigh

by piercing the obturator externus muscle. It passes distally between the adductor

brevis and adductor magnus muscles. After passing obliquely through the

adductor magnus, it appears in the popliteal fossa on the popliteal vessels, and

terminates by piercing the oblique Hgament of the knee and supplying the knee-

joint.

Its branches are :—(1) muscular branches to the obturator externus, adductor

magnus, and (when the muscle is not supplied by the superficial part of the nerve)
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the adductor brevis. The branch to the obturator externus arises before the nerve
enters the muscle, in the obturator groove. The nerve to the adductor magnus
is given off as the obturator nerve passes through the substance of the muscle.

(2) An articular terminal branch is supplied to the posterior aspect of the knee-joint.

Nervus Eemokalis.

The femoral nerve (O.T. anterior crural) is the large nerve for the muscles
and skin of the front of the thigh. It arises in the substance of the psoas major
muscle, from the back of the second, third, and fourth lumbar nerves, posterior to

the obturator nerve. Passing obhquely through the psoas major muscle, it emerges
from its lateral border in the pelvis major (Fig. 625, p. 721). Passing downwards
in the groove between the psoas and iliacus, it enters the thigh beneath the inguinal

ligament, lateral to the femoral sheath and femoral vessels. In the femoral triangle

it breaks up into a large number of branches, among which the lateral circumflex

artery of the thigh passes in a lateral direction.

The branches of the femoral nerve, which are (1) muscular, (2) articular, and

(3) cutaneous, arise in the following way :

—

In the abdomen a muscular branch arises from the lateral aspect of the nerve
and enters the iliacus muscle.

In the femoral triangle the terminal muscular, articular, and cutaneous branches
arise in the form of a large bundle of nerves.

1. Rami Musculares.—The muscular branches supply the pectineus, sartorius,

and quadriceps. The nerve to the pectineus arises close to the inguinal ligament,

and, coursing obliquely distally and medially behind the femoral vessels, enters the

muscle at its lateral border. It is not infrequently double. It sometimes gives off

a fine communicating branch to the anterior part of the obturator nerve. The
nerves to the sartorius are in two sets : a lateral, short set of nerves, associated with
the lateral part of the intermediate cutaneous nerve, which supply the proximal
part of the muscle; and a medial, longer set,. which are associated with the medial
part of the intermediate cutaneous nerve, and enter the middle of the muscle.

The parts of the quadriceps are supplied by several branches. The vastus lateralis

and rectus femoris are supplied on their deep surface by separate nerves which are

accompanied by branches of the lateral circumflex artery of the thigh. The vastus

intermedins muscle is supplied superficially by a nerve which passes through the

muscle, and innervates also the muscle of the knee-joint (subcrureus). It also

receives fibres from one of the nerves to the vastus medialis. The vastus medialis

muscle is supplied by two nerves : a proximal trunk, which supplies the proximal
part of the muscle, and sends fibres to the vastus intermedins as well ; and a distal

trunk, which descends on the lateral side of the femoral artery along with the

saphenous nerve, and passing beneath the sartorius, over or under the aponeurotic

covering of the adductor canal, enters the medial side of the muscle. This nerve

gives off a small branch which enters the medullary canal of the femur.

2. The articular branches supply the hip and knee-joints. The articular branch
to the hip-joint arises from the nerve to the rectus femoris, and is accompanied by
branches from the lateral circumflex artery of the thigh. The articular branches

to the knee-joint are four in number. Three of them arise from the nerves to the

vastus lateralis, vastus intermedius, and vastus medialis, which, after the muscular
nerves are given off, are continued downwards to the knee-joint along the front of

the femur. A fourth articular branch arises (sometimes) from the saphenous nerve.

3. Rami Cutanei Anteriores.—The cutaneous branches are the intermediate

and medial cutaneous, and the saphenous nerves (Fig. 627).

The intermediate cutaneous nerve arises in two parts, a lateral and a medial

branch, in the proximal part of the femoral triangle. The two branches descend

vertically and become cutaneous by piercing the fascia lata over the proximal third

of the sartorius muscle. They carry muscular branches to the sartorius, and the

lateral branch in many cases pierces the muscle. These two nerves supply the skin

of the distal three-fourths of the front of the thigh, between the lateral cutaneous
nerve of the thigh laterally and the medial cutaneous on the medial side. They
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reach to the front of the patella, and there assist in the formation of the patellar

plexus. The lateral branch communicates, in the proximal third of the thigh, with

twigs from the lumbo-inguinal branch of the genito-femoral nerve.

The medial cutaneous nerve lies at first in the femoral triangle on the latt^ral

side of the femoral veaseLs. At the apex of the triangle it crosses over the femoral

vessels, and is directed distally over or through the sartorius muscle, and beneath
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Fig. 627.

—

Distribution of Cutaneous Nerves on the front ok the Lower Limb.

On the left si<le the distribution of the several nerves is represented in colour.

On the right side a schematic representation is given of the areas supplied by the above nerves, the figures

indicating the spinal origin of the branches of distribution to each area.

the fascia lata, to the distal third of the thigh. It is distributed to the skin of

the distal two-thirds of the thigh on the medial side bv means of three branches

—proximal, middle, and distal.

The -proximal branch may be represented by two or more twigs. It arises

from the main nerve near its origin, and pierces the fascia lata near the apex of

the femoral triangle. It is distributed to the skin of the proximal part of the

thigh, along the line of the great saphenous vein. The middle or anterior branch is

a larger nerve. It separates from the distal branch at the apex of the femoral

triangle, and passing over the sartorius muscle becomes cutaneous in the middle

47 «
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third of the thigh on the medial side. It supplies the skin of the distal half of

the thigh, extending as far as the knee, where it joins in the formation of the

patellar plexus.

The distal branch represents the termination of the nerve. It passes along the

medial side of the thigh over the sartorius muscle, and communicates in the

middle third of the thigh with the saphenous and obturator nerves to form the

obturator plexus. Piercing the fascia lata on the medial side of the thigh in the

distal third, it ramifies over the side of the knee, and assists in the formation of

the patellar plexus.

The size of the medial cutaneous nerve varies with the size of the cutaneous

part of the obturator, and of the saphenous nerve.

N. Saphenus.

—

The saphenous nerve may be regarded as the terminal branch

of the femoral nerve. It is destined for the skin of the leg and foot. From its

origin in the femoral triangle it extends distally alongside the femoral vessels to

the adductor canal. In the canal it crosses obliquely over the femoral sheath

from lateral to medial side. At the distal end of the canal, accompanied by the

saphenous branch of the arteria genu suprema, it passes over the tendon of the

adductor magnus, and opposite the medial side of the knee-joint becomes cutaneous

by passing between the sartorius and gracilis muscles. The nerve then extends

distally in the leg along with the great saphenous vein, and coursing over the front

of the medial malleolus it terminates at the middle of the medial border of the foot.

Branches.— 1. A communicating branch arises in the adductor canal, and,

passing medially behind the sartorius, joins with branches of the obturator nerve

in forming the obturator plexus.

2. Ramus Infrapatellaris.—The infra-patellar branch arises at the distal end of

the adductor canal, and piercing the sartorius muscle is directed distally and
forwards below the patella, and over the medial condyle of the tibia to the front

of the knee and proximal part of the leg. It enters into the formation of the

patellar plexus.

3. An articular branch sometimes arises from the nerve at the medial side of

the knee.

4. Rami Cutanei Cruris Mediales.—The terminal branches of the saphenous nerve

are distributed to the skin of the front and medial side of the leg and the

posterior half of the dorsum and medial side of the foot.

Plexus Patellaris.— The patellar plexus consists of fine communications
beneath the skin in front of the knee, between the branches of the cutaneous

nerves supplying that region. The nerves which enter into its formation are

the infra-patellar branch of the saphenous, medial and intermediate cutaneous

nerves, and sometimes the lateral cutaneous nerve of the thigh.

The accessory obturator nerve (n. obturatorius accessorius) is only occasionally present (29

per cent, Eisler). It arises from the third, or third and fourth lumbar nerves, between the roots

of the oljturator and femoral nerves. Associating itself with the obturator, from which, however,
it is quite separable, it appears in the abdomen at the medial side of the psoas muscle, and
coursing over the pelvic brim behind the external iliac vessels, it leaves the obturator nerve, and
enters the thigh in front of the os pubis.

In the thigh, behind the femoral vessels, it usually ends in three branches : a nerve which
replaces the branch from the femoral nerve to the pectineus, a nerve to the hip-joint, and a

nerve which communicates with the superficial part of the obturator nerve. In some cases it

only supplies the nerve to the i)ectineus ; more rarely it is of considerabfe si^e, and reinforces the

oljturator nerve in the innervation of the adductor nuiscles.

The accessory obturator nei-ve was first described by Winslow as the n. accessorms anterioris

cruralis. Schmidt later described it in great detail, and gave it the name it now bears. It is
'

more closely associated with the femoral than with the obturator. Its origin is behind the roots

of the obturator : it is separated, like the femoral, from the obturator by the pubic bone, and
its chief branch, to the pectineus muscle, replaces the normal branch from the femoral nerve.

On tlie other hand, for a part of its course it accompanies the obturator, and in rare cases it

may rejilafc lirariches of that nerve.
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PLKXUS SACRALlh!.

The sacral portion of the lumbo-sacral plexus is destined almost entirely

for the lower limb. It is usually formed by the anterior rami of a part of the

fourth lumbar nerve (n. furcalis), the fifth lumbar, the first, and parts of the

second, and third sacral nerves (n. bigeminus).

Communications with the Sympathetic.— Kach of tliu ntrvxHuiuufd isctjnnected

to the lumliiir oi" pelvic syui[);itlic'Lic by 'jrai/ ratal vommunicantex, us ahx'udy descnbed
;

and white rami co/n/tiiinicantes pass fnnn tlio third and usually als(j from the second

or fourth sacral nerves to join the pelvic plexus of the syn)pathetic.

Position and Constitution.—The plexus is placed on the posterior wall of the

pelvis between tlie parietal pelvic fascia and the piriformis muscle. In front of it

are the pelvic colon, the hypogastric vessels, and the ureter.

The plexus is constituted by the convergence of the nerves concerned towards

the inferior part of the greater sciatic foramen, and their union to form a broad

triangular band, the apex of which is continued through the greater sciatic

foramen below the piriformis muscle into the buttock, as the sciatic nerve.

From the anterior and posterior surfaces of this triangular band numerous small

branches arise, which are distributed to the parts in the neighbourhood of the

origin of the nerve.

The sciatic nerve ends in the thigh by dividing into two large nerves, the tibial

(O.T. internal popliteal), and common peroneal (O.T. external popliteal). In many
cases these two nerves are distinct at their origin, and are separated sometimes by
fibres of the piriformis muscle. In all cases, on removal of the sheath investing

^the sciatic nerve, the tibial and peroneal nerves can be traced up to the plexus, from
which they invariably take origin by distinct and separate roots.

Formation.—The descending branch of the fourth lumbar nerve (n. furcalis)

after emerging from the border of the psoas major muscle, medial to the obturator

nerve, divides behind the iUac vessels into anterior and posterior (ventral and dorsal)

parts, each of which joins a corresponding part of the fifth lumbar nerve. The
anterior ramus of the fifth lumbar nerve descends over the ala of the sacrum, and
divides into anterior and posterior parts, which are joined by the corresponding parts

of the fourth lumbar nerve. The two resulting trunks are sometimes called the

truncus lumbosacralis or lumbo-sacral trunk. The first and second sacral nerves pass

almost horizontally laterally from the anterior sacral foramina, and divide in

front of the piriformis into similar anterior and posterior parts. The third sacral

nerve (n. bigeminus) divides into superior and inferior parts. The inferior part is

concerned in forming the pudendal plexus. The superior part is directed laterally,

and slightly upwards, towards the second nerve, and does not separate into two
parts, but remains undivided.

These trunks combine to form the sacral pl«xus, and its main subdivisions,

in tlie following way. Lying in apposition, and converging to the lower part

of tlie greater sciatic foramen, the posterior (dorsal) trunks of the fourth and fifth

lumbar nerves (lumbo-sacral trunk), and of the first and second sacral nerves,

combine to form the common peroneal nerve and the subordinate nerves which arise

from the posterior aspect of the plexus. The anterior (ventral) trunks of the fourth

and fifth lumbar nerves (lumbo-sacral trunk), and of the first and second sacral

nerves, together with that part of the third sacral nerve which is contributed to the

.plexus, unite to form the tibial nerve and the subordinate nerves arising from the

front of the plexus.

Of these nerves the fifth lumbar and first sacral are the largest ; the others

diminishing in size as they are traced upwards and downwards. There is no
distinct demarcation between the sacral and pudendal plexuses. The second and
third sacral nerves (and in some cases the first sacral also) are concerned in the

formation of both plexuses.

Branches.—The nerves of distribution derived from the sacral plexus are

divided according to their origin into an anterior (ventral) and a ^posterior (dorsal)

47 6
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series. Each set comprises one of the two essential terminal parts of the sciatic

—

peroneal and tibial nerves—and numerous smaller collateral branches.

Anterior (Ventral) Branches. Posterior (Dorsal) Branches.

Tibial nerve Common peroneal nerve
Muscular branches— Muscular brunches—

Nerves to hamstring muscles i+€l^ji'Ui% Nerves to short head of biceps -^'^ ^

,, quadratus femoris M-.S^,^ii *i „ piriformis *-^

„ gemelli /v,5'u,iS- Superior gluteal nerve *^^'~>|,^"

„ obtm-ator internus S"*-^''"^^- Inferior gluteal nerve •5'»i * -^

Articular branches (to hip-joint) Articular branches (to knee-joint)

( Nekvus Ischiadicus.

It has akeadj been shown how the sciatic nerve is formed. It comprises the

two main nerves of the sacral plexus, bound together by an investing sheath, which
contains, in addition to the common peroneal and tibial nerves, a subordinate
branch of each, the nerve to the hamstring muscles, from the tibial, and the

nerve to the short head of the biceps femoris, from the peroneal nerve. A thick

band about half an inch in breadth is formed, consisting, from medial to lateral

side, of (1) nerves to the hamstring muscles, (2) tibial, (3) common peroneal,

(4) nerve to the short head of the biceps muscle. The sciatic nerve extends
through the buttock into the back of the thigh. Forming a continuation of the

sacral plexus, it enters the buttock by passing through the greater sciatic foramen,
in the interval between the piriformis and superior gemellus. Concealed by the
glutajLis maximus muscle, it passes distally to the thigh, accompanied by the inferior

gluteal artery, and the arteria comitans nervi ischiadic!. It lies in the hollow
between the greater trochanter of the femur and the tuberosity of the iscliium, and
enters the thigh beneath the fold of the nates at the lower border of the glutseus

maximus. At that spot it is comparatively superficial, lying in the angle between
the edge of the glutaeus maximus above and laterally, and the origins of the ham-
string muscles medially. In the thigh it is placed upon the adductor magnus,
anterior to the hamstring muscles, and it terminates at a variable point by dividing

into the tibial and common peroneal nerves. As already stated, these two nerves

may be separate from their origins, and their separation may occur at any point

between the greater sciatic foramen and the proximal part of the popliteal fossa.

The Nerves of Disteibution from the Sacral Plexus.

These are divisible into two series— collateral and terminal branches. Each
subdivision consists of a series of anterior and posterior trunks.

1. Collateral Branches.—The anterior hranches are {a) muscular branches (to

the quadratus femoris, gemeUi, obturator internus, and hamstring muscles) ; and
(6) articular branches (to the hip-joint). These nerves all arise from the anterior .

aspect of the sacral plexus. 1

The nerve to the quadratus femoris (and inferior gemellus) arises from the

front of the fourth and fifth lumbar and first sacral nerves. It passes downwards
over the back of the capsule of tlie hip-joint (to which it sends a fine branch) beneath
the sacral plexus, gemelli, and obturator internus muscles. It suppUes a nerve to

the inferior gemellus, and terminates in the deep surface of the quadratus femoris.

The nerve to the obturator internus (and superior gemellus) arises from the

anterior aspect of the fifth lumbar and first two sacral nerves. In the l)uttock it

lies medial to the sciatic nerve on the lateral side of the pudendal vessels; crossing

the ischial spine, it enters the ischio-rectal fossa through the lesser sciatic foramen.
The nerve supplies, in the buttock, a branch to the superior gemellus, and terminates
by entering the pelvic surface of the obturator internus.

The nerve to the hamstring muscles forms the most medial part of the

sciatic trunk in the lower part of tlie buttock. It arises from all the roots of the

tibial nerve on their anterior aspect, viz., from the fourth and fifth lumbar and
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the first three sacral nerves. These roots unite to form a cord which is closely

associated witli the tibial nerve and is placed in front of it and afterwards on its

medial side. Extending into the thigh, the trunk is distributed to the hamstring
muscles by means of two sets of branches. Just distal to the ischial tuberosity

a proximal set of nerves enters the proximal part of the semitendincjsus and the

ischial head of the bici^ps. More distally in tlie thigh the remaining portion of

the nerve separates off from tlie tibial part of the sciatic trunk and supplies

branches to the semimembranosus, the distal part of the semitendinosus, and
the adductor magnus.

Articular branches for the hip-joint arise from the nerve to the quadratus

femori.s, and often directly from the anterior surface of the tibial part of the

sciatic nerve near its origin. They enter the back of the capsule of the joint in

the region of the buttock.

The jjosterior branches are : (a) muscular branches—a nerve to the piriformis,

the superior gluteal nerve, the inferior gluteal nerve, and a nerve to the short head
of the biceps

;
(h) articular branches (to the knee-joint).

These nerves all arise from the posterior aspect of those roots of the sacral

plexus, which are associated with the origin of the common peroneal nerve.

The nerve to the piriformis muscle may be double. It arises from the back

of the second, or first and second sacral nerves, and at once enters the anterior

surface of the muscle.

N. Glutaeus Superior.—The superior gluteal nerve arises from the posterior

surface of the fourth and fifth lumbar and first sacral nerves, and is directed

backwards and laterally into the buttock, above the piriformis muscle, along with

the superior gluteal artery. Under cover of the glutreus maximus and glutseus

medius, it passes over the glutaius minimus, along with the inferior branch of the

deep division of the superior gluteal artery, to the deep surface of the tensor fasciic

latai, in which it ends. On its way it supplies branches to the glutteus medius
and glutieus minimus muscles.

N. Glutaeus Inferior.—The inferior gluteal nerve arises from the posterior

surface of the fifth lumbar and first two sacral nerves. It appears in the buttock

at the lower border of the piriformis muscle, superficial to the sciatic nerve, and at

once breaks up into a number of branches for the supply of the gluteus maximus.
In its course in the buttock it is closely associated with the posterior cutaneous

nerve of the thigh. Its origin is sometimes combined with that of the following

nerve.

The nerve to the short head of the biceps springs from the lateral side of the

common peroneal trunk in the proximal part of the thigh. When traced to its

origin, it is found to arise (sometimes in combination with the inferior gluteal nerve)

from the fifth lumbar and first two sacral nerves. In its course it is closely

applied to the common peroneal nerve, from which it separates in the middle third of

the thigh, usually in combination with the articular branclu^s of that nerve for the

knee-joint. In some cases it has an independent course in the thigh, and it may
be associated in the buttock with the inferior gluteal nerve.

An articular branch for the lateral and anterior aspects of the knee-joint

generally arises from the common peroneal nerve in common with the nerve to the

short head of the biceps. When traced up to the plexus, it is found to arise from

the posterior surface of the fourth and fifth lumbar and first sacral nerves. It passes

through the proximal part of the popliteal fossa concealed by the biceps . muscle,

and separates into proximal and distal branches, which accompany the superior

and inferior lateral articular arteries to the knee-joint.

Terminal Branches.—The common peroneal (O.T. external popliteal) and tibial

(O.T. internal popliteal) nerves are the two main trunks resulting from the com-
bination of the posterior and anterior cords of the sacral plexus respectively. The
common peroneal nerve is homologous with the radial nerve of the upper limb

;

the tibial nerve represents a medio-ulnar trunk ; and, as already stated, the two

nerves, constituting the sciatic nerve, are enveloped in a common sheath for a

variable distance before pursuing an independent course in the leg.
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Nervus Peron^us Communis.

The common peroneal (O.T. external popliteal) nerve arises from the posterior

part of the sacral plexus from the fourth and fifth lumbar and first two sacral

nerves. Incorporated with the sciatic nerve in the buttock and proximal part of

the thigh, it passes distally from the bifurcation of that nerve through the popliteal

fossa, to its termination at a point about an inch distal to the head of the fibula. It

is concealed at first by the biceps muscle. Following the tendon of that muscle, it

passes obhquely through the proximal and lateral part of the pophteal fossa and
over the lateral head of the gastrocnemius muscle to the posterior aspect of the

head of the fibula. In the distal part of its course it is quite superficial, but at

its termination it is covered by the peronseus longus muscle.

Collateral Branches.—These are divided into two sets : (a) Nerves arising from
the roots or trunk of the nerve while it is in combination with the tibial nerve in

the sciatic trunk. These have been already described, as a muscular "brancli to the

short head of the biceps, and an articular branch to the knee-joint. (6) Nerves
arising in the popliteal fossa. These are cutaneous branches, viz., the lateral sural

nerve or lateral cutaneous nerve of the calf and the peroneal anastomotic ramus.

N. Cutaneus Surae Lateralis.—The lateral sural branch is irregular in size

and distribution, and may be represented by two or more branches (Fig. 628, p. 731).

Arising from the common peroneal nerve in the popliteal fossa, often in common
with the succeeding nerve, it pierces the deep fascia over the lateral head of the

gastrocnemius, and is distributed to the skin on the lateral aspect of the back of

the leg in the proximal two-thirds. The extent of its distribution varies with
that of the posterior cutaneous nerve of the thigh and the nervus suralis.

Ramus Anastomoticus Peronaeus.—The peroneal anastomotic nerve (O.T. com-

municans fibularis), arising in the popliteal fossa, passes over the lateral head of

the gastrocnemius beneath the deep fascia to the middle third of the leg, where
it assists in forming the nervus surahs by its union with an anastomotic (communi-
cating) branch of the tibial nerve called the medial sural nerve or medial cutaneous

nerve of the calf. In many cases the two branches do not unite. In such cases

the peroneal anastomotic nerve may be limited in its distribution to the skin of

the lateral side of the leg, heel, and ankle, or it may be distributed to the area

usually supplied by the nervus suralis.

Terminal Branches.—The terminal branches of the common peroneal nerve

are three in number :—recurrent tibial, deep peroneal (O.T. anterior tibial), and
superficial peroneal (O.T. musculo-cutaneous). They arise just distal to the head of

the fibula, and are directed forwards, diverging in their course, beneath the peroneus

longus muscle.

The recurrent tibial nerve is the smallest branch. Passing forwards under cover

of the origin of the peronseus longus and the extensor digitorum longus muscles, it

divides, distal to the lateral condyle of the tibia, into branches which supply the

proximal fibres of the tibialis anterior muscle, the proximal tibio-fibular articula-

tion, and the knee-joint.

Nervus Peroneus Profundus.

The deep peroneal nerve (O.T. anterior tibial) passes obliquely distally,

under cover ol' the peronseus longus, extensor digitorum longus, and extensor hallucis

longus muscles, to the front of the leg. In its course it is deeply placed upon the

interosseous membrane and the distal part of the tibia, in company with the

anterior tibial artery. At the ankle it lies under cover of the transverse ligament

of the leg and the tendon of the extensor hallucis longus, and, crossing the ankle-

joint, it divides on the dorsum of the foot into its terminal branches.

1. Collateral Branches (in the leg).—These are given off to the muscles between
which the deep peroneal nerve passes, namely : tibialis anterior, extensor hallucis

longus, extensor digitorum longus, and peronseus tertius. A fine articular brancli

supplies the ankle-joint.
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2. Terminal Branches (on the foot).—The terminal branches are medial and
lateral. The medial branch passes along the dorsum of the foot, on the lateral

side of the dorsulis pedis artery, to the first interosseous space, where it divides

into two dorsal digital branches for the supply of the skin of the lateral side of

the great t0(^ and the medial side of the second toe (nervi digitales dorsales,

hallucis lateralis et digiti secundi medialis). Each of these branches eomnmnicatcs
with branches of the superficial peroneal (O.T. musculo-cutaueousj nerve. It

gives off one or two dorsal interosseous branches, wiiich supply the medial tarso-

metatarsal and metatarso- phalangeal articulations, and enter the first dorsal

interosseous muscle.

The lateral branch passes obliquely over the tarsus under cover of the extensor

digitorum brevis, and ends in a gangliform enlargement (similar to the gangliform

enlargement on the dorsal interosseous nerve of the forearm at the back of the

wrist). From tliis enlargement muscular branches arise for the supply of the

extensor digitorum brevis, alon" with branches for the tarsal, tarso-metatarsal,

and metatarso-phalangeal articulations. Its dorsal interosseous branches may be

as many as four in number. Of these the lateral two, extremely small, may only
reach the tarso-metatarsal articulations. The medial two are fine branches, which,

besides supplying the articulations, may give branches to

the second and third dorsal interosseous muscles.

The branches from the nerve to the interosseous

muscles are probably sensory, the motor supply of these

muscles being certainly derived from the lateral plantar

nerve.

Nervus Peron^eus Superficialis.

The superficial peroneal nerve (O.T. musculo-
cutaneous), the last of the branches of tlie common
peroneal nerve, passes distal to the head of the fibula and
under cover of the proximal fibres of the peronseus longus

muscle. Lying in a sheath in the intermuscular septum,

between the peromei and the extensor digitorum longus,

it proceeds distally in front of the fibula to the distal

third of the leg, where it pierces the deep fascia in two
branches, medial and lateral.

Its branches are : (1) collateral muscular branches dis-

tributed to the peronseus longus and peronseus brevis, as

the nerve lies in relation to these muscles
; (2) terminal

cutaneous branches, medial and lateral.

Nn. Cutanei Dorsales Medialis et Intermedins.

—

The medial terminal branch (n. cutaneus dorsalis medialis)

courses distally over the transverse ligament of the leg, and
after supplying offsets to the distal third of the leg and to the

dorsum of the foot, divides into three branches. (1) The
most medial branch supplies the skin of the dorsum of the

foot and the medial side of the great toe, and communicates
with the saphenous nerve. (2) The intermediate branch
passes to the interval between the great toe and the second,

and divides into two branches which communicate with
the medial branch of the deep peroneal nerve. (3) The
lateral branch passes to the interval between the second

and third toes, and divides into dorsal digital branches to

supply the adjacent sides of these toes.

The lateral terminal branch (n. cutaneus dorsalis intermedius) of the nerve passes

over the transverse Ligament of the leg, and after supplying branches to the distal

part of the leg and to the dorsum of the foot, divides into two parts, which, passing

to the intervals between the third and fourth, and fourth and fifth toes respectively,

divide into dorsal digital branches for the adjacent sides of these toes. These
branches communicate with offsets of the nervus suralis (nerve of the calf).

Fig. 628.— Distuibution of
CCTANKOUS Nerves on the
DOKSITM OK THE FOOT.

I.S. Saphenous nerve ; M.C,
Superficial peroneal nerye

;

A.T, Deep peroneal nerve
;

E.S, Nervus suralis. The
extremities of the toes are

supplied l>y the medial

and lateral i>lantar nerves

(LP, E.P).
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The arrangement of the cutaneous branches of the superficial peroneal nerve is liable

to considerable variation. The lateral division of the nerve may be increased in size, and
may supply the nerve to the adjacent sides of the second and third toes ; or it may be reduced
in size, in which case the nervus suralis takes its place on the dorsum of the foot, often supply-
ing as many as two and a half toes on the lateral side.

The cutaneous nerves on the dorsum of the toes are much smaller than the corresponding
plantar digital nerves. They are reinforced on the dorsum of the terminal phalanges by twigs
from the plantar nerves, which supply the tips of the toes and the nails.

Nervus Tibialis.

The tibial nerve (O.T. internal popliteal) arises from the anterior surface

of the sacral plexus, usually from the fourth and fifth lumbar and first three

sacral nerves (Fig. 631, p. 736). It is incorporated in the sciatic trunk in the

buttock and proximal part of the thigh. At the bifurcation of the sciatic nerve

it passes onwards through the popliteal fossa and the back of the leg. The part

of the nerve from its origin from the plexus or the bifurcation of the sciatic nerve

to the distal border of the popliteus muscle, was formerly called internal popliteal;

the part of the nerve in the back of the leg being then designated posterior tibial.

The course of the nerve through the buttock and thigh has already been described

(p. 728). In the popliteal fossa it is concealed at first by the semimembranosus and
the other hamstring muscles. It passes to the medial side of the popliteal vessels,

and is thereafter found upon the popliteus muscle, under cover of the gastrocnemius

and plantaris. In the back of the leg, from the distal border of the popliteus

muscle to the ankle, the tibial (O.T. posterior tibial) nerve lies on the tibialis

posterior muscle and the tibia, and, along with the posterior tibial vessels, occupies

a sheath in the intermuscular septum separating the superficial and deep muscles

of the back of the leg. In the proximal part of the leg the nerve is medial to

the vessels, but, crossing beliind them, it lies on their lateral side in the distal

portion of its course. It terminates under cover of the ligamentum laciniatum by
dividing into the lateral and medial plantar nerves.

The collateral branches may be divided into three series, arising respectively

in the region of the thigh, the popliteal fossa, and the back of the leg :

—

(a) Branches arising from the Roots or Trunk of the Nerve while it is incor-

porated with the Sciatic Nerve.—These have been already described as muscular

branches to the quadratus femoris, gemelli, obturator internus, and the hamstring
muscles, and an articular branch to the hip-joint (Fig. 631, p. 736).

(b) Branches arising in the Popliteal Fossa proximal to the Knee-Joint.—
These are in three sets—articular, muscular, cutaneous.

1. The articular branches are slender nerves, variable in number. There are

usually two, an azygos branch which pierces the oblique ligament of the knee-

joint, and a medial branch, a long fine nerve which, crossing the popliteal vessels,

runs distally on the medial side of the fossa to accompany the distal medial articular

artery to the knee-joint. In its course it gives off a branch, often absent, which
accompanies the proximal medial articular artery.

2. The muscular branches are five in number. Nerves for the two heads of

the gastrocnemius, and for the plantaris enter those muscles at the borders of the

popliteal fossa. A nerve for the soleus enters the superficial surface of the

muscle. A nerve for the popliteus muscle passes over the surface of that muscle,

and after winding round its distal border, supplies it on its deep (anterior) surface.

As this nerve, passes below the popliteus it supplies branches to the tibialis

posterior, an interosseous branch for the interosseous membrane, which can be

traced as far as the tibio- fibular syndesmosis, an articular branch for the

proximal tibio-fibular joint, and a medullary branch for the shaft of the tibia.

3. N. Cutaneous Surae Medialis (O.T. N. Communicans Tibialis).—The
cutaneous branch is the medial cutaneous nerve of the leg. This nerve passes

from the yxjpliteal fossa in the groove between the two heads of the gastrocnemius

muscle, and afterwards lies upon the tendo calcaneus. It pierces the deep fascia

in the middle third of the back of the leg, and is joined immediately afterwards

by the peroneal anastomotic ramus from the common peroneal nerve. From
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their union the nervus suralis results, which reaches the foot, winding round
the back of the lateral malleolus, along with the small saphenous vein. The
nervus suralis supplies cutaneous branches to the lateral side and back of the
distal third of the leg, the ankle and heel, and the side of the foot and little toe,
as well as articular branches to the ankle and tarsal joints.

Ano-coccvg£ai
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Fig. 629.—DiSTRrBUTiON of Cutaneous Nerves on the back of the Lower Limb.

In A the distribution of the several nerves is represented, their names being given.

In B a schematic representation is given of the areas supplied by the above nerves, the figures indicating
the spinal origin of the branches of distriltution to each centre.

The nervus suralis communicates on the foot with the superficial peroneal nerve, and its

size varies with the size of that nerve. It may extend on to the dorsum of the foot for
a considerable distance, and may either reinforce or replace the branches of the above-
named nerve to the intervals between the fourth and fifth and the third and fourth
toes. The mode of formation of the nervus suralis is very variable. The usual arrano-e-
meut is tliat described. Frequently the peroneal anastomotic nerve and the medial sural
nerve (medial cutaneous nerve of the leg) do not unite, and in such cases the more usual
arrangement is for the tibial trunk alone to form the nervus suralis (nerve of the calf),
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the peroneal anastomotic ramus extending only to the ankle and heel. It is less usual

for the peroneal anastomotic I'amus alone to form the nervus suralis, the medial sural

nerve in these cases ending at the heel.

(c) Branches arising in the Back of the Leg distal to the Knee-Joint.—These
branches are mainly muscular and cutaneous.

The muscular branches are four in number, comprising nerves to the soleus

(entering its deep surface) and tibialis posterior, often arising by a common trunk,

and nerves to the flexor digitorum longus and flexor hallucis longus, the latter

generally accompanying the peroneal artery for some distance.

Rami Calcanei Mediales.—The cutaneous branches are the medial calcanean

rami, which pierce the ligamentum laciniatum, and is distributed to the skin

of the heel and posterior part of the sole of the foot.

In addition, a medullary nerve to the fibula, and a small articular branch to

the ankle-joint, are supplied by the tibial nerve.

The terminal branches of the tibial nerve are the medial and lateral

plantar nerves.

Nervus Plantaeis Medialis.

The medial plantar nerve is homologous with the median nerve in the hand
(Fig. 629, p. 733). It is rather larger than the lateral plantar. It courses

forwards in the sole of the foot, under cover of the ligamentum lanciniatum
and abductor hallucis, to the interval between that muscle and the flexor digitorum
brevis, in company with the medial plantar artery.

The collateral branches are muscular, cutaneous, and articular. The muscular

branches supply the abductor hallucis and the flexor digitorum brevis. The plantar

cutaneotcs branches are small twigs which pierce the plantar aponeurosis in the

interval between these muscles to supply the medial part of the sole of the foot.

The articular branches are minute twigs which supply the tarsal and tarso-

metatarsal articulations.

Nn. Digitales Plantares Communes.—The terminal branches are four in

number, the common plantar digital nerves, and may be designated fi.rst, second,

third, and fourth, from medial to lateral side.

The first (most medial) branch separates from the nerve before the others,

and pierces the plantar aponeurosis behind the ball of the great toe. It supplies

a muscular branch to the flexor hallucis brevis, and cutaneous branches to the

medial side of the foot and ball of the great toe. It terminates as the plantar

digital nerve for the medial side of the great toe.

The second branch arises along with the third and fourth ; after supplying a

branch to the first lumbrical muscle, it becomes superficial in the interval between
the first and second toes, and terminates by dividing into two proper digital

nerves for the supply of the adjacent sides of these toes.

The third and fourth branches are entirely cutaneous in their distribution. They
become superficial in the intervals between the second and third and the third

and fourth toes, respectively, and there divide into proper digital branches for

the supply of the adjacent sides of these toes.

Nn. Digitales Plantares Proprii.— The plantar proper digital nerves supply

the whole length of the toes on the plantar aspect, and, in relation to the terminal

phalanges, furnish minute dorsal offsets for the supply of the nails and tips of

the toes on their dorsal surface.

The medial plantar nerve thus supplies the skin of the three and a half medial

toes in the sole of the foot ; and four muscles :—the abductor hallucis and flexor

digitorum brevis, the flexor hallucis brevis, and the first lumbrical muscle.

Nervus Plantaeis Lateealis.

The lateral plantar nerve is homologous with the ulnar nerve in the hand.

From its origin, under cover of the ligamentum laciniatum, it extends forwards
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and laterally in the sole, in company with the lateral plantar artery, between
the flexor digitorum brevis and the quadratus plantaj, towards the base of the

fifth metatarsal bone. There it terminates by dividing

into superficial and deep branches.

Collateral Branches.

—

Muscular branches are given off

from the undivided nerve to the quadratus plantte and
abductor digiti quinti muscles. Cutaneous branches pierce

the plantar fascia at intervals along the line of the inter-

nmscular septum, between the flexor digitorum brevis and
abductor digiti quinti.

Terminal Branches—Ramus Superficialis.—The super-

ficial branch is mainly cutaneous. Passing forwards be-

tween the flexor digitorum brevis and abductor digiti

quinti, it divides into lateral and medial parts.

The lateral branch, after supplying the flexor quinti

digiti brevis muscle, and sometimes one or both interossei

of the fourth space, becomes superficial behind the ball

of the little toe, and supplies cutaneous twigs to the sole of

the foot and ball of the toe. It terminates as the proper

digital branch for the lateral side of the little toe.

The medial branch passes forwards to the interval

between the fourth and fifth toes, where it becomes
cutaneous, and divides into two proper digital branches

for the supply of the adjacent sides of these toes. It

communicates with the fourth terminal branch of the

medial plantar nerve.

Ramus Profundus. — The deep branch of the lateral

plantar nerve, passing deeply along with the lateral

plantar artery, extends medially towards the great toe,

under cover of (i.e. dorsal to) the quadratus plantse and
oblique head of the adductor hallucis. It gives off

articular branches to the tarsal and tarso-metatarsal joints,

and muscular branches to the interossei of each space

(except in some cases the muscles of the fourth space)

:

to the adductor hallucis, and the lateral three lumbrical

muscles. These nerves enter the deep surface of the

muscles, that to the second lumbrical reaching its muscle

after passing forwards dorsal to the transverse head of the adductor hallucis.

Fig. 630.

—

Scheme of Distri-

bction of the plantar
Nerves.

In broion, medial plantar nerve,

and its cutaneous and mus-
cular branches ; F.B.D,
Flexordigitoruni brevis ; A.H,
Abductor hallucis ; F.B.H,
Flexor hallucis brevis ; L.I,

First lumbrical. In green,

lateral plantar nerve, and its

cutaneous and muscular

branches; Quad. P, Quadratus

plantne ; A.D.Q, Abductor
digiti quinti; F.B.D.Q, Flexor

brevis digiti quinti.

PLEXUS PUDENDUS.

The pudendal plexus constitutes the third and last subdivision of the lumbo-

sacral plexus. It is composed, for the most part, of the spinal nerves below

those which form the sacral plexus; but, as already stated, there is no distinct

point of separation between the two plexuses. On the contrary, there is con-

siderable overlapping, so that two and sometimes three of the principal nerves

derived from the pudendal plexus have their origin in common with nerves of the

sacral plexus.

The plexus is formed by fibres from the anterior rami of the first three

sacral nerves, and by the whole of the anterior rami of the fourth and fifth sacral

and coccygeal nerves. The size of the nerves diminishes rapidly from the first

sacral to the coccygeal, which is extremely slender.

Position and Constitution.—The plexus is formed on the posterior wall of

the pelvis. Of the nerves forming it, the upper ones emerge from the anterior

sacral foramina ; the fifth sacral nerve appears between the last sacral and first

coccygeal vertebra ; and the coccygeal nerve appears below the transverse pro-

cess of that vertebra. The nerves of distribution derived from the plexus are the

following :

—



736 THE NEEVOUS SYSTEM.

1. Visceral branches.

2. Posterior cutaneous nerve of tlie thigh.

3. Perforatino; cutaneous nerve.

4. Pudendal nerve.

5. Muscular branches.

6. Ano-coccygeal nei've.

All the nerves, except the visceral branches, are distributed to the perineum.

SVMPAXMCTIC

Anterior br

Iliac bran

White ramus

L2

Lateral cutaneous
NERVE OF the TMIOH

White ramus

'AnO- COCCYGEAL

Sciatic

Fia. 631.

—

Nerves of the Lumbo-Sacral Plexus.

Only two, the posterior cutaneous nerve of the thigh and the perforating cutaneous
nerve, send branches to the lower limb.

Visceral Branches.—Like the other spinal nerves, the fourth and fifth sacral

and coccygeal nerves are provided with fine gray rami communicantes from
the sacral sympathetic trunk, which join them after a short course on the front of
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the sacrum. The third (along with the second or fourth) .sacral nerve, in addition,

sends a considerable whiie ramus communicans or visceral branch direct to the

pelvic plexus and viscera.

N. Cutaneus Femoris Posterior— Posterior Cutaneous Nerve of the Thigh
(O.T. Small Sciatic). — This nerve is complex both in origin and disLributi(jn

(Fig. Q'M, p. 730). Springing from the junction of tho sacral and pudendal
plexuses, it is derived from tlie first three or second and tliird sacral nerves. It

is distributed to the lower limb and perineum, and is associated with other nerves

belonging to both regions. It arises from the back of the roots of the sacral

plexus in tho pelvis. Its higher roots from the first and second sacral nerves

are intimately associated with tho origin of the inferior gluteal nervti ; its lowest

root from the third sacral nerve is associated with the origins of the perfoiating

cutaneous or of the pudendal nerve. It enters the buttock through the greater

sciatic notch, below the piriformis, along with the inferior gluteal artery and nerve.

Proceeding distally, posterior to the sciatic- nerve, it enters the thigh at the

lower border of the glutieus maximus muscle, where it gives off considerable

branches. Becoming gradually smaller as it courses distally over the hamstring

muscles to the popliteal fossa, it finally pierces the popliteal fascia in one or more
cutaneous branches, which supply the skin over the calf of the leg for a variable

distance (Fig. 629, p. 733).

Branches.—The nerve is purely cutaneous. It supplies branches to the

perineum, buttock, thigh, and leg.

Rami Perineales.— The perineal branch arises at the lower border of the

glutieus maxiums muscle (Fig. 631, p. 736). It sweeps in a medial direction to

the perineum, lying on the origin of the hamstring muscles, distal to the ischial

tuberosity ; and becoming subcutaneous after passing over the pubic arch, its

terminal branches supply the skin of the scrotum and root of the penis, or, in the

female, the labium majus and clitoris, some of them being du'egted backwards
towards the anus and central point of the perineum. They communicate with
tlie inferior hiemorrhoidal and perineal branches of the pudendal nerve, and with
the ilio-inguinal nerve. In its course to the perineum the nerve gives oft'

collateral branches to the skin of the proximal and medial part of the thigh.

Nn. Clunium Inferiores.—The inferior gluteal branches are large and numerous
(Fig. 631, p. 736). They arise from the nerve beneath the glutseus maximus,
and become subcutaneous by piercing the fascia lata at different points along its

lower border. They supply the skin of the lower half of the buttock. The most
lateral branches, reaching to the back of the greater trochanter, overlap the terminal

filaments of the gluteal branches of the lateral cutaneous nerve of the thigh,

and the posterior rami of the first three lumbar nerves. The most medial branches,

which may pierce the sacro-tuberous ligament, reach nearly to the coccyx, and
are co-extensive in their distribution with the branches of the perforating cutaneous

nerve, which they reinforce and not infrequently replace.

The femoral branches are divisible into two sets

—

medial and lateral. They
])ierce the fascia lata of the thigh at intervals, and supply the skin of the back of

tiie thigh.

The sural branches are two or more slender nerves which pierce the fascia

over the popliteal fossa, and are distributed for a variable extent to the skin of

the back of the leg. They may stop short over the popliteal fossa, or may extend

as far as the ankle. Usually they innervate the skin as far as the middle of the

calf. They communicate with the nervus suralis.

Ill cases where the sciatic nerve is naturally divided at its origin into tibial and common
peroneal nerves {e.g. by the piriformis muscle), the posterior cutaneous nerve also is separated into

two parts : a posterior part, associated with the common peroneal nerve and arising in common
with the lower roots of the inferior gluteal nerve (usually from the first and second sacral nerves),

and comprising the gluteal and lateral femoral branches ; and an anterior part, associated with
the tibial nerve and arising usually from the second and third sacral nerves, along with the

perforating cutaneous and pudendal nerves, and comprising the perineal and medial femoral
branches.

Perforating Cutaneous Nerve (n. perforans ligamenti tuberose - sacri

(Schwalbe), n. cutaneus clunium inferior medialis (Eisler)).—This nerve arises

48
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from the back of the second and third sacral nerves (Fig. 631, p. 736). At
its origin it is associated with the lower roots of the posterior cutaneous nerve

of the thigh. Passing distally it pierces the sacro - tuberous ligament,

along with the coccygeal branch of the inferior gluteal artery ; and after winding
round the lower border of the gluteus maximus muscle, or in some cases piercing

its lower fibres, it becomes cutaneous a little distance from the coccyx, and supplies

the skin over the lower part of the buttock and the medial part of the fold of the

nates.

The perforating cutaneous nerve is not always j)resent. In a minority of cases it is associated

at its origin with the ijudendal nerve. When absent as a separate nerve, its place is taken by (1)

gluteal branches of the posterior cutaneous nerve of the thigh, or (2) a branch from the pudendal
nerve, or (3) a small nerve (n. perforans coccygeus major, Eisler), arising separately from the

posterior part of the third and fourth sacral nerves.

Muscular Branches.—Between the third and fourth sacral nerves (occasion-

ally reinforced by the second, Eisler) a plexiform loop is formed, from which
muscular nerves are given off to the levator ani (supplying the muscle on its pelvic

sm'face), coccygeus, and external sphincter. The nerve to the external sphincter

{perineal iranch of fourth sacral) pierces the sacro-tuberous ligament and the

coccygeus muscle, to which it gives offsets, and appears in the ischio-rectal fossa

between the glutseus maximus and the external sphincter. Besides supplying the

posterior fibres of the external sphincter, it distributes cutaneous offsets to the skin

of the ischio-rectal fossa and the fold of the nates behind the anus. This nerve,

in some instances, replaces the perforating cutaneous nerve.

Nn. Anococcygei (Ano-coccygeal Nerve).—By the union of the remaining
part of the fourth with the fifth sacral and coccygeal nerves, the so-called

plexus coccygeus (coccygeal plexus) is formed. A fine descending branch of the

fourth sacral nerve passes over or through the sacro-tuberous ligament, to join the

fifth sacral nerve. This fifth sacral nerve, joined by the descending branch of the

fourth, descends alongside the coccyx and is again joined by the coccygeal nerve,

so that a plexiform cord, the ano-coccygeal nerve results, homologous with the inferior

caudal trunk of tailed animals. Fine twigs arise from it, which pierce the sacro-

tuberous ligament and supply the skin in the neighbourhood of the coccyx, medial
to the branches of the perforating cutaneous nerve and behind the anus.

Nervus Pudendus.

The pudendal nerve (O.T. pudic) is the principal nerve for the supply of the

perineum. It arises in the pelvis usually by three roots from the second, third, and
fourth sacral nerves (Fig. 631, p. 736). (Frequently one of its branches, the inferior

hsemorrhoidal nerve, arises independently from the third and fourth sacral nerves.)

The nerve passes to the buttock through the greater sciatic foramen, below the

sciatic nerve, and lies on the sacro-spinous ligament, or the spine of the ischium,

medial to the internal pudendal artery. It enters the perineum along with the

artery through the lesser sciatic foramen. In the perineum it is deeply placed in

the lateral wall of the ischio-rectal fossa, enclosed in a special sheath derived

from the parietal pelvic fascia covering the medial surface of the obturator in-

ternus muscle. At the anterior limit of the ischio-rectal fossa, the nerve approaches

the surface and divides at the base of the urogenital diaphragm into its

terminal branches, the perineal nerve and the dorsal nerve of the penis.

The branches of the nerve are essentially the same in the two sexes. As a

rule no branches are given off till it enters the perineum, but sometimes the

inferior hsemorrhoidal nerve has an independent origin from the plexus, merely
accompanying the pudendal nerve in the first part of its course ; and in excejitional

cases the i^erforating cutaneous nerve of the buttock is a branch of the pudendal
nerve.

Nn. Hsemorrhoidales Inferiores.

—

The inferior haemorrhoidal nerve arises

from the pudendal nerve under cover of the glutajus maximus, at the posterior part of

the ischio-rectal fossa. In cases in which it has an independent origin from the plexus,

it arises from the third and fourth sacral nerves. It crosses the ischio-rectal fossa
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in company with the interior h;uniorrhoidal vessels, and separates into numerous
branches—muscular, cutaneous, and communicating.

The muscular branches end in the external sphincter ani muscle. The cutaneous

branches supply the skin around the anus. The commimicating branches connect

the inferior luemorrhoidal with tliree other nerves—the perineal branches of the

posterior cutaneous nerve of the thii^^h, ])udendal, and fourth sacral nerves,

Nervus Perinei.

—

The perineal nerve, one of the two terminal branches of

the pudendal nta-ve, arises near tlie base of the urogenital diaphragm. It almost

immediately divides into two parts, superficial and deep.

The superficial part is purely cutaneous and consists of two nerves, the posterior
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—

Distribution of the Pudendal Nerve.

or lateral and the anterior or medial superficial perineal nerves (nn. scrotales

posteriores or nn. lal )iales posteriores), which pass, along with tlie superficial perineal

vessels, to the anterior part of the perineum. The posterior or lateral superficial

perineal nerve, at the anterior limit of the ischio- rectal fossa, usually passes over the

base of the urogenital diaphragm and over the (superficial) transversus perinei

muscle. The anterior or medial superficial perineal nerve, lying more deeply, pierces

the base of the fascia inferior of the urogenital diaphragm and goes underneath
or through the transversus perinei muscle. Becoming superficial in the anterior

(urethral) triangle of the perineum, they are distributed to the skin of the scrotum
(or labium majus), and communicate with the perineal rami of the posterior

cutaneous nerve of the thigh and with the inferior htemorrhoidal nerve.

The deep part of the perineal nerve is mainly but not entirely muscular

48 a
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Coursing forwards through the anterior part of the ischio-rectal fossa, it passes

between the two layers of fascia of the urogenital diaphragm towards the urethra.

It suppUes muscular branches to the anterior parts of the levator ani and external

sphincter, to the transversus perinei superficialis and profundus, ischio-cavernosus,

bulbo-cavernosus (or sphincter vaginse), and sphincter urethrge membranacese. It

terminates as the nerve to the bulb, which, piercing the urogenital diaphragm,
enters the bulb of the urethra and supplies the erectile tissue of the bulb and
corpus cavernosum urethrae, as v^ell as the mucous membrane of the urethra as far

as the glans penis.

N. Dorsalis Penis vel Clitoridis.

—

The dorsal nerve of the penis or clitoris,

the other terminal branch of the pudendal nerve, accompanies the internal pudendal
artery above the fascia inferior of the urogenital diaphragm. It passes forward

close to the pubic arch, lying under cover of the crus and ischio-cavernosus and
fascia inferior of the urogenital diaphragm, and upon the sphincter urethras mem-
branacete muscle

;
piercing the fascia inferior of the urogenital diaphragm near

Nerve to obturator internus

Pudendal nerve

Lumbo-sacral trunk

._- The anterior rami
J-of tlie first four
I sacral nerves

Pudendal nerve

Perineal branch of
the fourth sacral
ner^e

Inferior
hemorrhoidal

Perineal branch
of pudendal nerve

Deep perineal nerve

Fig. 633.-

Superficial jjerineal nerve

-The Origin and Course of the Pudendal Nerve.

its apex, at the lateral side of the dorsal artery of the penis (or clitoris), it passes

on to the dorsum of the penis or clitoris, to which it is distributed in its distal

two-thirds, sending branches round the sides of the organ to reach its under surface.

In the female the nerve is much smaller than in the male. The dorsal nerve of

the penis suppKes one branch, the nerve to the corpus cavernosum penis, as it lies

between the fasciae of the urogenital diaphragm. This is a slender nerve, which,
piercing the fascia inferior of the urogenital diaphragm, supplies the erectile tissue

of the crus and corpus cavernosum penis.

Morphology of the Pudendal Plexus.—The structures occupying the perineum are placed
in tJie ventral axis of the body, and comprise, from before backwards, the penis and scrotum, or
mens Veneris and vulva, the central point of the perineum, the anus and ischio-rectal fossa, and
the coccyx. They are placed on the medial side of the attachment of the lower limbs—the penis
or mons Veneris in relation to the preaxial border ; the coccyx in relation to the postaxial border
of the limb.

The nerves of the perineum, thus reaching the ventral axis of the trunk, are homologous with
the anterior (ventral) terminations of other nerves. They are separable into two series. The
perineum is supplied mainly through the pudendal plexus by the last four sacral and the coccygeal
nerves, but it is also innervated to a minor extent by the first lumbar nerve through the ilio-

inguinal nerve, which reaches the root of the penis and the scrotum. The region is thus
supplied by two series of widely separate(] nerves, which have their meeting-place on the
dorsum and side of the penis and scrotum. This junction of the ilio-inguinal and pudendal
nerves constitutes the beginning of the ventral axial line, wliich extends peripherally along
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the medial side of the lower limb. Apart from this break in their distribution, a definite

numerical order may be followed in the arrangement of the perineal nerves. The higher parts of

the perineum are innervated by the higher spinal nerves ; the lower parts, by the lower nerves.

This is best e.xemplified in the distribution oi the cutaneous nerves. The base of the penis and
scrotum (or mons Veneris) is supplied by the first lumbar nerve (ilio-inguinal). The dorsal nerve
of the penis (or clitoris), when
traced back to the pudendal plexus, ^_____^ -^ yr-

is found to come irom the second,

and to a less extent from the third

sacral nerves ; the scrotal nerves
(perineal branches of the pudendal
and posterior cutaneous nerve of

the thigh) similarly arise from the

third, and to a less extent from
the second sacral nerves ; the skin
of the ischio-rectal fossa and anus
is innervated by the inferior

hiemorrhoidal (third and fourth

sacral nerves), and the perineal

branch of the fourth sacral nerve.

The ano-coccygeal nerve (coccygeal
plexus), lastly, supplies the skin
round the coccyx (fourth and fifth

sacral and coccygeal nerves).

Judged from its nerve supply the

perineum is to be regarded as Fio. 634.

—

Scheme of the innervation of the hinder portion of the

occupying, for the most part, a trunk and of the perineum, and the interruption of the segmental

position behind or more caudal arrangement of the nerves associated with the formation of the

than that of the lower limb in re- limb.

lation to the trunk. There is here

a remarkable gap in the numerical sequence of the nerves supplying the ventral axis of the

body. All the nerves between the first lumbar and the second sacral fail to reach the mid ventral

line of the trunk and are wholly concerned in the innervation of the lower limb.

At the preaxial border of the limb (groin) the first lumbar nerve, the highest nerve supplying
the perineum, is concerned also in innervating the skin of the limb. At the postaxial border of

the limb (fold of the nates and back of the thigh), the nerves which are the highest of those con-

stituting the pudendal plexus (the second and third sacral nerves) are also implicated in inner-

vating that border of the limb. The fourth sacral nerve is concerned only to a very slight

extent in the innervation of the limb by means of the perineal branch, which reaches the

beginning of its postaxial border ; the last two spinal nerves are wholly unrepresented in the
limb proper and end entirely in the trunk behind the limb.

MOKPHOLOGY OF THE LiMB-PLEXUSES.

The arrangement of the limb nerves is rendered complex and the significance of the plexuses
is obscured by the changes through which, coincidently, the nerves, on the one hand, and the
parts supplied by them, on the other hand, have passed in the course of development.

Nature of the Limbs.—As already described, the mammalian limbs arise as flattened buds
from the extremities of the "WolfBan ridge. Each bud possesses a preaxial and a postaxial border,

and a dorsal and a ventral surface, c(?ntinuous with the dorsal and ventral aspects of the trunk
and homologous with its lateral and ventral surfaces. Each bud consists at first of a mass of

undifferentiated, unsegmented mesoderm, covered with epithelium. Around the central core of
mesoderm which produces the skeletal axis, the vessels and muscles of the limb are formed
in situ, the muscles as double dorsal and ventral strata, beneath the corresponding surfaces of

the bud.

Each limb bud is connected to the lateral and ventral aspects of the trunk, and is associated

with a number of body segments, varying in the two extremities and in difi'erent animals.

Although the mesodermal material of which the limb bud is composed exhibits in itself no
segmental divisions at any period of its development, a clear indication of the segmental relations

of the limbs is obtained from the arrangement of the limb nerves. Taking the nerves which
supply the limbs in man as a guide, the segments engaged in the formation of the upper ex-

tremity are the last five cervical and first two thoracic. The lower extremity is relaited by its

nerves to all the lumbar and the first three sacral segments. In each limb, the segments at the
preaxial and postaxial borders are only partially concerned in limb formation.

It has been already sho^^-n that the somatic branches of the nerves enter the substance of the
embryonic limb and divide in their course into dorsal and ventral trunks, which supply the
dorsal and ventral surfaces of the limb bud. The higher nerves supply the preaxial border, the
lower nerves supply the postaxial border, while the nerves most centrally situated extend furthest

towards the periphery of the limb.

In order to understand properly the constitution of the limb-plexuses, it is necessary, fuither,

to make a comparison of the surfaces and borders of the embryonic and adult limbs.

Upper Limb.—(A) Borders,—The preaxial border of the upper extremity extends from the
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middle of the clavicle, iii the line of the cephalic vein, distally along the front of the shoulder, the

lateral border of the arm, forearm and hand, to the lateral border of the thumb. The postaxial

border extends from the middle of the axilla along the medial side of the arm (in the line of

the basilic vein), the medial side of the forearm and hand, to the medial border of the little

finger.

(B) Surfaces.—The areas of the limb between these lines, anteriorly and posteriorly, correspond

to the ventral and dorsal surfaces of the embryonic limb bud. The ventral surface is rejjresented

by the front of the chest, arm, and forearm, and the palm of the hand. The dorsal surface is

represented by the scapidar and deltoid regions, the back of the arm, forearm, and hand.

Lower Limb.— (-4) Borders.—The preaxial border of the lower limb extends from the

middle of the inguinal ligament distally along the medial side of the thigh and leg in the

line of the great saphenous vein, to the medial side of the great toe. The postaxial border,

beginning at the coccyx, extends along the fold of the nates and the lateral border and back
of the thigli and leg (in the line of the small saphenous vein) to the lateral iDorder of the foot

and little toe.

(B) Surfaces.—The areas between these lines correspond to the primitive dorsal and ventral

surfaces of the embryonic limb bud. The unequal amount of rotation in the parts of the lower

limb obscures the relation of foetal and adult surfaces, which are most easily made out in the

infantile position of the limbs, with the thighs and knees flexed and the soles of the feet

inverted. The ventral surface of the embryonic limb is represented by the medial side, and
posterior part of the thigh, the back of the leg, and the sole of the foot. The dorsal surface

is represented by the front of the thigh and buttock', the front of the leg, and the dorsum of

the foot.

Composition of the Limb-plexuses.—In all mammals the same definite plan underlies the

constitution of the limb-plexuses. The nerves concerned are the anterior rami of certain

segmental spinal nerves, which (with certain exceptions at the preaxial and postaxial borders)

are destined wholly and solely for the innervation of the limb. Each of the anterior rami
engaged divides into a pair of secondary trunks, named dorsal or posterior, ventral or anterior.

The dorsal and ventral trunks again subdivide into tertiary trunks, which combine with the

corresponding subdivisions of neighbouring dorsal and ventral trunks to form the nerves of

distribution. The combinations of dorsal trunks provide a series of nerves for the supply of that

part of the limb which is derived from the dorsal surface of the embryonic limb bud ; the

combinations of ventral trunks give rise to nerves of distribution to the regions corresponding

to its ventral surface. The relation of the nerves derived from the limb-plexuses to the areas

of the limbs is given in the accompanying tables :

—

I. Upper Limb.

Origin. Nerves,

Brachial
Plexus

Dorsal trunks
(Posterior cord)

I Dorsal scapular .

Long thoracic

Suiarascapular
Subscapular (2)

Thoraco-dorsal
Axillary
Medial cutaneous nerve of

arm ....
Intercosto-brachial

Radial .

the\

• /

Ventral trunks
(Lateral and

1 medial cords)

(
Nerve to subclavius )

Anterior thoracic (2)/

Muaculo-cutaneous

Medial cutaneous nerve of

arm ....
Medial cutaneous nerve of

forearm
Median....
^Ulnar ....

/
•

I

the)
. /

the)

. /

. )

. /

Distribution.

Scapular region and
shoulder

Arm, medial side

Back of arm, fore-

arm, and hand

Front of chest

Front of arm and
forearm

Medial side of arm

Front of arm and
forearm

Front of forearm and
band

Dorsal

surface

Ventral
surface
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II. Lower Limb.

Origin. Nerves.

Dorsal
trunks

Lumbo-
sacral

Plexus

Ventral
trunks

^ Ilio-hypogastric (lateral

branch) ....
Superior gluteal .

Interior gluteal .

Nerve to piriformis

Posterior cutaneous nerve of

the thigh . . . . ^

Lateral cutaneous nerve of the)
, thigh . . . .

Geni to-femoral (lunibo
inguinal branch)

Femoral ....

Distribution.

Buttock

Peroneal

Ilio-hypogastric (anterior

branch)

Ilio-inguinal . . . I

Genito-femoral (external]
spermatic branch) . . J

Obturator . . . . i

Nerve to obturator internus

and superior gemellus
Nerve to quadratus femoris

and inferior gemellus
Nerve to hamstrings
Posterior cutaneous nerve of\

the thigh J

Tibial /

Buttock and thigli, lateral side

and front

Front of thigh

Front and medial side of thigh,

leg, and foot

Front of leg and foot

Dorsal
y surface

Abdominal wall (Ventral sur-^

face)
j

Abdominal wall, thigli, and i

perineum I

Groin I

Thigh (medial side) and knee
(ba^^^)

I Ventral
; surface

Buttock and back of thigh i

Back of thigh and perineum |

Back of knee, leg, and sole of

foot J

In the regions of the limbs no anterior cutaneous branches, derived from the limb nerves,

supply the trunk. The whole of the nerve is carried into tlie limb and is absorbed in its

innervation, and the dorsal and ventral trunks forming the limb-plexuses are to be looked upon
as homologous with the lateral and anterior trunks of an intercostal nerve. Two series of
anomalies in relation to the formation and distribution of the nerves to the limbs must, however,
be considered, because it has been suggested (Goodsir) that the nerves of the lindis are serially

homologous not with the whole, but only with the lateral branches of the anterior rami of
the intercostal nerves.

(1) Nerves in connexion with the primitive borders of the Limbs.—At the preaxial

border of the upper limb, at its root, the fourth cervical nerve, which supplies the anterior and
lateral surfaces of the neck, is also distributed through the supraclavicular nerves to the skin of

both ventral aTid dorsal surfaces of the limb. The nerves and surfaces are here not merely
homologous, but in actual continuity.

At the preaxial border of the lower limb, similarly, the first lumbar nerve, by means of the
ilio-hypogastric and ilio-inguinal branches, supplies on the one hand the buttock, in series with
the lateral branches of the lower thoracic nerves, and, on the other hand, the lower part of the
abdominal wall and the adjacent medial side of the thigh, in series with the anterior terminal
branches of the lower thoracic nerves.

At the postaxial border of the upper limb the tirst and second thoracic nerves are concerned
in supplying trunk segments as well as parts of the limb. The first thoracic nerve, besides

supplying the liml) through the medial coitl of the plexus, also innervates at least the muscles of
the first intercostal space ; the second thoracic nerve is concerned in the innervation of the limb,

principally by means of its lateral branch only, which, as the intercosto-brachial nerve, supplies

the skin along the postaxial border of the limb and on its dorsal side. At the postaxial border of

the lower limb, in the same way, the third and fourth sacral nerves, partially implicated in the
innervation of the limb (through the tibial, posterior cutaneous nerve of the thigh, perforating

cutaneous nerve, and perineal branch of the fourth sacral nerve), are also engaged in supplying
the trunk (perineum) through the pudendal nerve. These peculiarities of arrangement of the
nerves at the borders of the limbs may be explained on the supposition that the segment corre-

sponding to the nerve named is only partially concerned in limb formation, and is, at the same
time, implicated to a greater or less extent in the formation of structures belonging to the trunk.

(2) The origin and distribution of the nerves at the postaxial border of the limbs present
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a special difficulty. In the composition of the brachial plexus the first thoracic nerve is almo.-'

wholly engaged in forming the ventral series of nerves. It only gives a minute nerve to joii

the jiosterior cord, and this is not always present. In the case of the lumbo-sacral plexii

the third sacral nerve does not as a rule divide into ventral and dorsal trunks, but contribute-

only to the formation of the ventral series of nerves. A solution of this difficulty may be found
in the examination of the areas of distribution of the nerves derived from the first thoracic

and third sacral nerves respectively. In the case of the brachial plexus (the medial cord of whicli

receives normally the whole contribution of the first thoracic nerve) the medial cutaneous ner^^i

of the arm, the ulnar branch of the media] cutaneous nerve of the forearm, and the dorsal branch
of the ulnar nerve supply the dorsal aspect of the limb on its postaxial border. These nerve-

are in serial homology with the intercosto-brachial and lateral trunks of intercostal nerves. In
the case of the lumbo-sacral plexus similarly, in which the third sacral nerve does not divide into

ventral and dorsal trunks, the posterior cutaneous nerve of the thigh and tibial nerves containing
the contribution from the third sacral nerves innervate, by means of the gluteal and lateral

femoral branches of the former and the medial sural nerve (medial cutaneous nerA'c of the calf)

of the latter, the dorsal surface of the limb along the postaxial border, in series with the

perforating cutaneous nerve and the perineal branch of the fourth sacral.

These apparent anomalies appear to indicate that, instead of dividing into its proper dorsal

and ventral trunks, the entire contribution of the spinal nerve concerned, is in these instances

carried undivided along the postaxial border of the limb in association with the ventral trunks,

and that the dorsal subdivisions are thrown off successively as the plexus cords approach the
periphery. Indeed, in the case of the posterior cutaneous nerve of the thigh, Eisler has
shown that, when the common peroneal and tibial nerves are separated at their origin, its

gluteal and lateral femoral branches arise from and are connected -n-ith the dorsal trunk, and
the perineal and medial femoral branches with the ventral trunk.

The Distkibution of the Spinal Nerves to the Muscles and Skin
OF THE Limbs.

Bj dissection, experiment, and clinical observation, it is conclusively proved that,

as a rule, each nerve of distribution in the limb, whether to muscle or skin, is made up of

fibres derived from more than one spinal nerve ; and, further, that in cutaneous distribution

a considerable overlapping occurs in the course of the several peripheral nerves. Moreover,

the arrangement of the distribution of the nerves to skin and to muscles is not identical.

In the case of the skin of the limbs, by the covering of the limb being drawn on to it from
adjacent parts in the process of growth, cutaneous nerves are engaged which are derived

from sources not represented in the muscular innervation of the limbs. Again, among the

muscles, some have undergone fusion, others have become nidimentary, and others again

have altered their position in the limb. Bearing these qualifications in mind, it is

possible to formulate a definite plan for the innervation of the skin and muscles of the

upper and lower limb. The accompanying tables give an analysis of the distribution of

the spinal nerves to the skin and muscles of the upper and lower limb respectively :

—

I. Upper Limb. A. Cutaneous Nerves.

1. Dorsal (Posterior) Surface.

Regions.
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1. Dorsal (Posterior) Surface

—

continued.

745

Regions.

rLuteral side

{prea3:iiil)

Forearm

Medial side

(postaxial)

|- Lateral side

Hand' /^j!''"-""/)
Medial side

I (postaxial)

Radial, proximal branch of dorsal

iiitaiiouus nerve of forearm
Ratlial, distal branch of dorsal

cutaneous nerve of forearm
Musculo - cutaneous, posterior

branch
Superficial branch of radial .

Medial cutaneous nerve of fore-

arm (ulnar branch) .

Ulnar, dorsal branch
Superficial Ijranch of radial .

Spinal Orig^.

Prcaxial. I'ostaxial.

C. (5). 6.
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1. Dorsal (Posterior) Surface—continued.

Regions.
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2. Ventral (Anterior) Surface—continued.

Regions.

'Lateral part

(})rntj:iar)

Hand

Medial part
(postaria l)

Muscles.

Abductor pollicis brevis

Opponens pollicis

Flexor pollicis brevis .

Lateral two luinbricales

Medial two lunibricales

luterossei

Adductor pollicis (transverse

and oblique parts) .

Abductor digiti quinti

.

Opponens digi£i quinti

Flexor digiti quinti brevis

Nerves. I

Spinal OriginB.

IPren.n'a/. I'oataxUil.

II. Lower Limb. A. Cutaneous Nerves.

L Dorsal Surface.

{Front and lateral part of thigh, buttock, front of leg, dorsum offoot.)

Regions.
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2. Ventral Surface—continued.

Regions.
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2. Ventral Surface.

(Medial side and hack of thigh, hack of ley, and sole of foot.)

Regions.

Thigh and
buttock

Thigh, medial
side J

(preaxial) I

Thigh, lateral
f

side -!

(postaxial) I

Buttock-

Back of leg

Sole of foot A

Medial side

{preaxial)

Lateral side

(postaxial)

Muscles. Nerves.
Spinal Origins.

I'reaxial. I'uslaxiul.

Adductor longus

Gracilis .

Adductor brevis

Obturator externus

Adductor inagnus
Adductor magnus
Semimembranosus
Semitendinosus
Biceps, long head
Quauratus femoris

and inferior gem-
ellus

Superior gemellus
and obturator in-

ternus .

Plantaris .

Popliteus

.

Flexor digitorum
longus .

Tibialis posterior

Flexor hallucis

longus .

Soleus
Soleus

Gastrocnemius (both

heads) .

Abductor hallucis

Flexor digitorum
brevis .

Flexor hallucis

brevis .

First lumbrical
Second, third, and

fourth lumbricals
Quadratus plant te

Adductor hallucis

Interossei

Flexor digiti quint

brevis .

Abductor digiti

quinti .

] Obturator .

I_ Nerve to hani-

I strings .

' Sacral plexus

Tibial

Tibial

I- Tibial

]

Medial plantar

\ Lateral plantar

J
L. 2. 3.

L. 2. 3. 4.

! L. 3. 4.

]

L. 4. 5.

L. 5.

S. 1.

S. 1. 2.

S. 1. 2. 3.

L. 4. 5. S. 1.

S. 1. 2. 3.

S. 1.

L. 5. S. 1.

f

j
L. 4. 5.

- L. 5. S. 1. 2.

S. 1. 2.

L. 4. 5. S. 1.

S. 1. 2.

A. Innervation of the Muscles of the Limbs. —The following laws appear to be applicable

to the upper and lower limbs alike :

—

1. No limb-muscle receives its nerve-supply from posterior rami.

2. TJie dorsal and ventral strata of muscles are always supplied by the corresponding dorsal and
ventral branches of the nerves concerned. The ventral muscular stratum is more extensive than the

dorsal ; the ventral nerves are the more numerous, and the additional nerves are postaxially placed.

The spinal nerves supplying muscles of the upper limb are C. 5, 6, 7, 8 (dorsal), and C. 5, 6, 7, 8,

T. 1 (ventral) ; the nerves for the muscles of the lower limb are L. 2, 3, 4, 5, S. 1, 2 (dorsal), and
L. 2, 3, 4, 5, S. 1, 2, 3 (ventral).

3. TTie dorsal and ventral trunks of the nerves are distributed in the limb in a continuous,

segmental manner ; so that, "of two muscles, that nearer the head end of the body tends to be

supplied by the higher nerve, and that nearer the tail end by the lower nerve " (Herringham).

4. The nerves placed most centrally in the plexus extend fxirthest into the limb, and the more

preaxial nerves terminate sooner in the limb than the more postaxial nerves.
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Upper Limb.

Dorsal Surface.
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the lower nerve ; and of two 8])ots in the postaxial area, the lower tends to be supplied by the higher

nerve. In other words, from the root of the limb along tlie preaxial border to its distal extremity,
and along the ])0.staxial border to the root of the limb again, there is a deflnite numerical sequence
of spinal nerves su])i)lying skin areas through nerves ot tlie lim])-i»lexuse8. A similar numerical
sequence in tiie arrangement of the nerves is also found extending over the doi-sal and ventral
surfaces of the linil)s from jireaxial to j)ostaxial border, excej)t in certain situations.

On the doi-sal and ventral surfaces of both ujjper and lower limbs there is a hiatus, for a
certain distance, in the numerical sequence of the sjiinal nerves in tlieir cutaneous distribution,

explicable on the ground that the central nerves of the jilexus, which fail to reach the surface in

these situations, are replaced by cutaneous branches from neigiibouring nerves. This hiatus has
been nanifil the axial area or line.

In the upper limb, tlie dorsal axial area or line extends from the median line of the back,

opposite the vertebra prominens, to the insertion of the deltoid.

The ventral axial area or line extends anteriorly from the median plane of tlie trunk, at the

sternal synchondrosis, .across the chest, distaUy along the front of the arm and forearm to the
wrist

In the lower limb, the dorsal axial area or line may be traced from the median ])lane of the
back over the posterior superior iliac spine, across the buttock and thigh, to the head of the
tibula.

A ventral axial area or line can also be traced from the root of the penis along the medial side

of the thigh and knee, and along the back of the leg to the heel.

These areas or lines rej)resent the meeting-place and overlapping of nerves, which are not in

numerical sequence ; and it is only at the peripheral j)arts of the limbs, on the doraal and ventral

surfaces, that the nerves ap])ear in numerical sequence from the jireaxial to the jjo-staxial boixier.

In the case of the upper limb the hiatus is caused, in both surfaces of the limb, Ijy the aljsence of

cutaneous branches ot the seventh cervical nerve ; in the case of the lower limb the hiatus is due
to the absence of branches from the fifth lumbar nerve on both surfaces of the limb, and the
absence of branches from the fourth lumbar nerve, in addition, on the dorsal surface.

Understanding the signiticance of these dorsal and ventral axial areas or lines, and at the
same time bearing in mind the overlapping which occurs in the cutaneous distribution of each
spinal nerve, the areas of skin supplied through the limb-jjlexuses can be mapped out with con-

siderable precision, as indicated in the following tables :

—

A. Cutaneous Distribution. Upper Limb.

Nerves.
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B. Cutaneous Distribution. Lower Limb.

Nerves.
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llioracic or first lumbar nerve. The last nerve in the sciatic cord may be the second, third,

or fourth sacral nerve. The j)osition of the n. furcalis is a cuide to the arrangement of the

fdexus. It may be formed by the third, third and fourth, niurth, fourth and fifth, or fifth

uiubar nerves. The resulting variations are illustrated by llic following extreme cases :

—

(1) Prefixed Variety. (2) Postfi^.ed Variety.

Nervus furcalis L. 3 and 4 (doul)le). L. 5.

Obturator .... L. 1, 2, 3. L. 2, 3, 4, 5.

Femoral .... T. 12, L. 1, 2, 3, 4. L. 2, 3, 4, .0.

Tibial L. 3, 4, 5, S. 1, 2. L. 5, S. 1, 2, 3, 4.

Common peroneal L. 3, 4, 5, S. 1. L. 5, S. 1, 2, 3.

Those variations in the constitution of the lunibo-sacral plexus are most numerous which
are due to the inclusion of nerves more caudally placed. Thus, out of twenty-two variations

in the position of the n. furcalis, in nineteen Eisler foimd it formed by the fiftli lumbar nerve
;

in two cases only, by the third lumbar nerve. There is further evidence that variations in the

position of the plexus are accompanied by variations in the vertebral column itself. Out of the

twenty -two abnormal plexuses examined by Eisler, sixteen were coincident with abnormal
arrangement of the a.ssociated vertebne.

Significance of the Limb-plexuses.

From the above considerations, it is obvious that something more than convenience of transit

for the spinal nerves to skin and muscles is seciu-ed by the formation of the limb-plexuses. It

has been shown that by their combinations in the jjlexuses, every spot or area of skin in the
limbs is innervated by more than one spinal nerve ; and generally, ako, each limb-muscle is

supplied by more than one spinal nerve. Each cutaneous area and each limb - muscle is thus
brought into relationship with a wider area of the spinal medulla than would occur if the
plexuses were non-existent. *A simultaneous record of sensation is thus transmitted from any
given point on the surface of the limb througli more than one posterior root ; and a more ready
co-ordination of muscular movement is brought about by the transmission of motor impulses
from the anterior root of a given spinal nerve to more than one muscle at the same time. In a
woi-d, a plexus exists to supply the whole limb and the limb as a whole, as an organ which has
its different active parts connected with the central nervous system by means of the limb-plexus.

SYSTEMA NERVORUM SYMPATHICUM.

The sympathetic nervous system comprises a pair of elongated gangliated
trunks, extending through the \yhole length of the body from the base of the skull
to the coccyx, connected to the peripheral spinal nerves by one series of nerves,
and to the viscera by another series. At its cephalic end each sympathetic trunk
passes into the cranial cavity along with the internal carotid artery, on which it

forms plexuses, and thereby forms complex relations with certain cerebral nerves.
At their caudal ends the two sympathetic trunks are joined together by fine

filaments and unite with the coccygeal ganglion (g. impar).

The sympathetic system is essentially dependent on and subservient to the spinal
nervous system. It distributes efferent fibres from the peripheral spinal nerves to
(a) the viscera and vessels of the splanchnic area, and (b) through recurrent (gray)
rami to vessels, glands, and involuntary muscles in the course of the somatic
divisions of the spinal nerves. It further collects and transmits to the cerebro-
spinal system afferent fibres from the viscera (Fig. 635).

General Structure of the Sympathetic System.—The sympathetic system is

composed of two elements—gangha and nerve fibres.

Ganglia Trunci Sympathici.—The ganglia are variable in number, form, size,

and position. They are not definitely segmental in position, but they are always
connected together by a system of narrow cords of nerve fibres. A ganglion
(Fig. 635) consists of a larger or smaller number of multipolar nerve ceUs,

enclosed in a capsule of connective tissue. Each cell is provided with one axon and
a number of dendrites. The axon may enter into the composition of (a) the con-
necting cord

;
(b) a central branch (gray ramus communicans) ; or (c) a peripheral

branch from the sympathetic trunk. These axons are commonly medullated at
their origin, but become non-meduUated in their course from the parent cell.

Besides these ganglia, two other series of ganglia are present in connexion with
the peripheral branches of the sympathetic : ganglia plexuum sympathiconim,
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intermediate or collateral ganglia, on the branches or in the sympathetic plexuses

;

and terminal ganglia, in close relation to the endings of the nerves in the viscera.

The nerve-flbres in the sympathetic system are of two classes, medullated and
uon-meduUated. The distinction is not absolute. The medullated fibres may lose

their medullary sheaths before reaching their terminations ; and the non-medullated

fibres may at their origin possess a medullary sheath. The medullated fibres form

the series of white rami communicantes (the visceral branches of the spinal nerves).

They take origin from the anterior rami of certain spinal nerves in two streams

:

thoracic -lumbar from the second thoracic to the second lumbar nerve inclusive, and
pelvic, or sacral, from the second and third, or third and fourth sacral nerves. The
roots of these rami arise from both posterior and anterior roots of the spinal nerves,

but in largest numbers from the anterior root.

The fibres from the anterior root are of very
small size. They are the axons of nerve cells

within the spinal medulla, which enter the

sympathetic trunk through the white ramus,

and end by forming arborisations around the

cells of a sympathetic ganglion. There are

three known courses for such a fibre to take in

relation to the sympathetic system— (a.) It

may end in the gangUon with which the ramus
is immediately related; (&) it may course up-

wards or downwards in the connecting cord to

reach a neighbouring ganglion
;

(c) it may pass

beyond the sympathetic trunk to end in relation

to cells of the peripheral (collateral) ganglia

along with fibres of distribution from the sym-
pathetic ganglia. These fibres are splanchnic

efferent fibres ; motor fibres for the unstriped

muscular tissue of the vessels and viscera, and
secretory fibres for the glands in the splanchnic

area. The fibresfrom the posterior root of the

spinal nerve entering into the composition of

the white ramus communicans are the axons

Fk;. 635.—Scheme of the Coxstitution of of spinal ganglion cells. They constitute the
THE White Ramus Communicans of the splanchnic afferent fibres, and probably traverse
'
^'^p^thetic.

^j^g sympathetic gangliated trunk, passing up-
The roots and trunks of a spinal nerve are wards, downwards, and peripherally, without

shown, with the white ramus passing be- -i • i. j -^i -j. ii mi i.v.

tween the spinal nerve and a sympathetic being connected With its cells. Ihey are the

ganglion (Sy). The splanchnic effereut sensory fibres from the visccra, with which
fibres (in red) are shown, partly ending in they are associated along with the peripheral
the ganglion, and partly passing beyond i v • n -_? l\. \- \ ^

the ganglion into a peripheral branch. The branches arising from the Sympathetic trunk

splanchnic afferent fibres (in blue) are Itself. It is not Certain that fibres from the
shown, partly entering the ganglion, and spinal ganglia are onlv found in connexion
passing upwards or downwards in the -.i

o o
-j j ,, j- .• . >-,

gangiiateri cord
;

partly pa.ssing over the ^^^h ncrves provided With distinct white rami.

cord into peripheral branches. Similar mcdullatcd fibres are found also in the

gray rami communicantes.
The non-medullated fibres in the sympathetic system are derived from the axons

of the sympathetic ganglion cells. They have different destinations, (a) Some
fibres appear to contribute to the formation of the cord connecting the

ganglia together, and to end in arborisations round the cells of a neighbouring
ganglion. (6) Non-medullated fibres form a large part of the system of peripheral

(splanchnic efferent) branches, streaming into the splanchnic area in an irregular

manner, both from the ganglia and the connecting cords. (c) The gray rami
communicantes form a series of non-medullated fibres (with a small number
of medullated fibres intermingled) proceeding centrally from the ganglia to the

spinal nerves. These gray rami are found in connexion with each and all of the

spinal nerves. Their origin from the gangHated trunk is quite irregular : they may
come from the ganglia or the commissure; they may divide after their origin, so

SPLANCHNIC
AFFERENT
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that two spinal nerves are supplied from one ganglion ; or two ganglia may supply

branches to a single spinal nerve. The gray ramus is distributed along the somatic

divisions of the spinal nerves, supplying branches to unstriped muscular fibres

(vaso-motor, pilo-motor) and glands (secretory). They also provide small recurrent

branches, ending in the membranes enveloping the spinal nerve-roots. Mingled

with the non-medullated tibres of the gray rami are a small number of meduUated
fibres, regarded as

afferen t fibres—
axons passing to the

spinal ganglia which
are incorporated with

Ihe gray rami.

The connect-
ing cords of the

sympathetic system

are composed of white

and gray fibres. The
white fibres are : (1)

splanchnic efferent

fibres, passing to a

ganglion above or

below the point of

entrance into the

sympathetic system

;

(2) splanchnic afier-

ent fibres, guided
along the connect-

ing cord and over or

through the ganglia.

The gray fibres are

the axons of sympa-
thetic gangUon cells:

(1) true association

fibres passing into

connexion with the

cells of a neig'hbour-

ing ganglion; (2)

fibres passing along

the connecting cord

for a certain distance

upwards or down-
wards before entering

the splanchnic area as

peripheral branches.

The peripheral

branches of the
sympathetic trunk

consist of—(1) white

fibres, which may be
ither splanchnic afferent fibres on their way from the viscera through the

_angliated trunk to the spinal ganglia, or splanchnic efferent fibres which, after

traversing the gangliated trunk, proceed to join and end in collateral or terminal

ganglia in relation to viscera
; (2) gray fibres, efferent branches, the axons of

the ganglion cells, distributed on the one hand peripherally to the vessels and

^^scera of the splanchnic area, and on the other hand centrally through the gray

rami comniunicantes and the somatic divisions of the spinal nerves, to the glands

and involuntary muscles in the somatic area, as secretory, and vaso-motor and
pilo-motor fibres.

Although forming always one continuous cord, the sympathetic system may
49 a

Fig 636.

—

Scheme ok the Constitution and Connexions of the
Gangliated Trunk of the Sympathetic.

The gangliated trunk is indicated on the right, with the arrangement of the fibres

arising from the ganglion cells. On the left the roots and trunks of

spinal nerves are shown, with the arrangement of the white ramus com-

municans above and of the gray ramus below.
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for convenience of description be dealt with in four parts—cephalic and cervical,

thoracic, lumbar, and pelvic.

I. PAES CEPHALICA ET CEEVICALIS SYSTEMATIS SYMPATHICI.

The cephalic and cervical part of each sympathetic trunk is to be regarded
as an upward prolongation of the primitive sympathetic system along the great
vessels of the neck. It is characterised by the absence of segmental ganglia and by
the absence of white rami communicantes joining it to the spinal nerves. Its con-
nexion with the spinal nervous system is through the white rami communicantes
of the upper thoracic nerves, which join the ganghated trunk in the thorax, and
stream upwards into the cervical portion of the trunk. The trunk possesses two
or three ganglia, from which branches are distributed to structures belonging to

head, neck, and thorax : (1) motor fibres to involuntary muscles {e.g. dilator of the
pupil)

; (2) vaso-motor fibres for arteries of the head, neck, and upper Hmbs
; (3)

pilo-motor fibres (along the cervical spinal nerves) to the skin of the head and
neck

; (4) cardio-motor fibres ; and (5) secretory fibres {e.g., submaxillary gland).

Each gangliated trunk in the neck is placed upon the prevertebral muscles and
behind the carotid vessels of the corresponding side. It extends from the root of

the neck, where it is continuous, in front of the neck of the first rib, with the

thoracic portion of the trunk, to the base of the skull, where it ends in the
formation of plexiform branches upon the internal carotid artery. It consists

of a narrow cord composed of medullated and non-medullated fibres, with two
or three ganglia—a superior ganglion at the upper end, an inferior ganglion at

the point of junction with the thoracic portion of the trunk, and a middle
ganglion varying in position and often absent.

Ganglion Cervicale Superius.—The superior cervical ganglion, situated at the

base of the skull, lies between the internal jugular vein and the internal carotid

artery. It is the largest of the sympathetic ganglia, measuring an inch or more in

length.

Ganglion Cervicale Medius.

—

The middle cervical ganglion is of small size,

is frequently absent, and may be divided into two parts. It is usually placed in

front of the inferior thyreoid artery as it passes behind the carotid sheath.

Ganglion Cervicale Inferius.— The inferior ganglion is joined by the con-

necting cord to the middle (or superior) ganglion above, and is only imperfectly

separated from the first thoracic ganglion below. It is of considerable size,

irregular in shape, and is placed behind the first part of the vertebral artery in

the interval between the last cervical transverse process and the neck of the first rib.

The branches from the cervical sympathetic ganglia and connecting cords are

divisible into two sets

—

{A) Central communicating branches for other nerves

;

{B) Peripheral branches of distribution, which alone, or along with other nerves,

form plexuses, accompanying and supplying vessels and viscera of thei head, neck,

and thorax. Although this distinction is made, it is to be borne in mind that

the branches of communication are as much nerves of distribution as the others.

Ganglion Cervicale Superius.

Central Communicating Branches.— 1. Gray rami communicantes pass from

the ganglion to the anterior rami of the first four cervical nerves.

2. Communications with Cerebral Nerves.—Just outside the skull, in the deep

part of the neck, communicating branches pass to the following cerebral nerves : {a)

to the petrous ganglion of the glossopharyngeal and the jugular ganghon of the

vagus
;
{h) to the ganglion nodosum of the vagus

;
(c) to the hypoglossal nerve.

Peripheral Branches of Distribution.— 1. Pharynx.— Plexus Pharyngeus

Ascendens.—A pharyngeal branch passes behind the carotid sheath to reach the

wall of the pharynx, where it joins (along with the pharyngeal branches of the

glossopharyngeal and vagus nerves) in the formation of the ascending pharyngeal

plexus, and assists in supplying the muscles and mucous membrane of the pharynx.



SUPERIOR CERVICAL GANGLION. 757

2. Heart.—N. Cardiacus Superior.—The superior cardiac branch is a slender

nerve which, on the right side, descends behind the hirge vessels into the thorax

to join the deep cardiac plexus. On the left side the course of the nerve is similar

in the neck, but in the superior mediastinum it passes between the left common
carotid and subclavian arteries, and across the aortic arch, to join with the inferior

cervical cardiac ))ranch of the vagus in the fijrmation of the superficial cardiac

plexus. In their course both nerves form connexions with the other cardiac

nerves of the sympathetic, and with cardiac and other branches of the vagus

(recurrent and external laryngeal).

3. Vessels.—(a) Nn. Carotid Extemi.— The external carotid branches pass

liiti'iiiul atrutlil iCrti'iy

Caveniuua plexiia

Iiitemal curutid plexuH

' Pharyngeal braiuh of vagiu

/ CilosHophuryngeal i
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Emergence o( first tervicil nerve -,

Anterior ramus of first cervical nerve - -

Gray raniiu conininnicans from 8up4>rior
(•ervical ganglion to first cervical nerve*--

Pharj'ngeal branches.-— -—
Sniierior cervical (mnglion

itniy rnnius coniuiunicans from superior,,, ^,,,_
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, J^.
Anterior ramus' of second cervical nerve''*'-""r " "
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•ervical ganglion to fourth cervical nerve'
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Anterior ramus of fifth cervi
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gnngliun to 5th cervical ner
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tinus comniunicansfrom middle cervi<-';tl -^ —TT7"

ganglion to 6th cervical nervf "&^ ''

'

7r-
Vertebral pi

Anterior ramus of seventh cervical nervt

Gray ramus communicans from inferior
cervic;il ganglion to Tth mrvi

Gray rami communicantes from inferior
cervical ganglion to 8th cervical ner\f

Anterior ramus of 8th cervical nerve/
Anterior ramus of first thoracic nerv

Pharyngeal plexus
External carotid plexus
Superior laryngeal
branch of vagus

- Internal laryngeal

External laryngeal

Common carotid artery

-Thyreoid gland

Plexus on inferior
thyreoid artery

Cardiac branches from
cervical sympathetic
.Inferior cervical

ganglion

Subclavian artery

Middle cervical ganglion

Ansa subclavia

Superior thoracic ganglion

Fig. 637.

—

Distkibution of the Sympathetic' in the Neck.

Cardiac branches from
cervical sympathetic

forwards to the external carotid artery, and form the plexus caroticus externus
(external carotid plexus), which supplies offsets to that artery and its branches,
as well as to the glomus caroticum (O.T. inter-carotid body). From the subordinate
plexuses on the external maxillary and middle meningeal branches of the
artery sympathetic fibres are supplied to the submaxillary ganglion and otic

ganglion, respectively.

(6) N. Caroticus Intemus.—The internal carotid branches form an upward pro-
longation of the ganglion which applies itself in the form of bundles of nerve-fibres
to the internal carotid artery as it enters the carotid canal in the temporal bone.
The branches separate into lateral and medial parts, which form plexuses investing
the artery in the cranium. The lateral division forms the inferior or internal
carotid plexus (pi. caroticus intemus) ; the medial division gives rise to the superior
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or cavernous plexus (pi. cavemosus). Both plexuses supply offsets to the artery and

its branches, and form communications with certain cerebral nerves.

PI. Carotids Intemus.—The internal carotid plexus communicates by fine

Rami communicantes

Greater splanchnic nerve

Lesser splanchnic ner\'e

Creliac ganglion

Lowest splanchnic ner\-e

Aortico-renal ganglion

.Superior mesenteric plexus

Aortic plexus

Spermatic plexus

Branches to aortic arch

Rami communicantes

Rami communicantes

J
Left vagus

Right vagus

— Thoracic sympathetic trunk

— Oesophageal plexus

Branches to asophagus

Branches to descending aorta

' Splanchnic ganglion

— Lesser splanchnic nerve

Lowest splanchnic nerve

Cceliac plexus
Suprarenal plexus

y.owest splanchnic nerve

Lesser splanchnic nerve

Renal plexus

Fir. 638.—The Svmpathkhc; Trunk in the Thokax.

branches with (a) the abducens nerve, and (6) the semilunar ganglion, and gives

off (c) the great deep petrosal and (d) the carotico-tympanic nerves. The deep

petrosal nerve joins the greater superficial petrosal nerve from the genicular ganglion
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of the facial, in the foramen lacerum. By their union the pterygoid nerve is

formed, vvhicli, after traviTning the pterygoid canal, ends in the Hpheno-palatine

ffan^^lion. The carotico-tsanpanic nerves pass to the tympanic plexus. Tliis plexus,

formed by the carotico- tympanic nerves, the tympanic branch of the glosso-

pharyngeal, and a twig from the genicular ganglion of the facial nerve, is placed

on the lahyrinthic wall of the tympanum. It supplies the mucous lining of the

tympanum and auditory tube ; and the lesser superficial petrosal nerve passes

from it to the otic ganglion.

Plexus Cavemosus.—The cavernous plexiis communicates with (a) the oculo-motor,

(6) the trochlear nerve, and (c) the ophthalmic division of the trigeminal nerve

;

it also {d) supplies twigs to the hypophysis (pituitary body), and (e) forms the

sympathetic root of the ciliary ganglion. This may pass to the ganglion inde-

pendently, or it may be incorporated in the long root of the ganglion from the

naso-ciliary branch of the ophthalmic nerve.

Ganglion Cervicale Medius.

Central Communicating Branches.— 1. Gray rami communicantes arise from

the ganglion or from the connecting cord, and join the anterior rami of the fifth

and sixth cervical nerves. 2. The ansa subclavia (Vieussenii) is a loop of com-
munication from this ganglion, which, after passing in front of and supplying offsets

to the subclavian artery and its branches, joins the inferior cervical ganglion.

Peripheral Branches of Distribution.— 1. Heart.—A slender middle cardiac

branch descends, either separately or in company with other cardiac nerves, behind

the large vessels into the thorax, where it ends in the deep part of the cardiac

plexus on each side.

2. Thyreoid Gland.—Branches extend medially along the inferior thyreoid

artery to supply the thyreoid gland.

When the middle ganglion is absent the branches described arise from the

connecting cord.

Ganglion Cervicale Inferius.

Central Communicating Branches.— 1. Gray rami commimicantes arise from

this Siini^hon for the anterior rami of the seventh and eighth cervical nerves.

2. The ansa subclavia already mentioned connects the middle and inferior ganglia

over the front of the subclavian artery. 3. A communication frequently occurs

with the recurrent nerve.

Peripheral Branches of Distribution.— 1. Heart.—An inferior cardiac branch

is given off on each side to enter the deep cardiac plexus.

2. Vessels.—(a) Tlie vertebral plexus is a dense plexus of fibres surrounding

the vertebral artery and accompanying its branches in the neck and the cranial

cavity, (h) The subclavian plexus is derived from the ansa subclavia (subclavian

loop), and supplies small offsets to the subclavian artery. It gives branches to the

internal mammary artery, and communicates with the phrenic nerve.

II. PAPtS THORACALIS SYSTEMATIS SYMPATHICI.

The thoracic part of the sjnnpathetic trunk lies behind the pleura, in front

of the necks of the ribs, and the intercostal vessels and nerves. It consists of a

number of ganglia of an irregularly angular. or fusiform shape, joined together by

connecting bands of considerable thickness. The number of ganglia is usually

ten or eleven ; but the first and sometimes others may be so fused with the

neighbouring ganglia as to reduce the number still further.

This part of the sympathetic trunk is characterised by its union with the thoracic

spinal nerves. Each thoracic nerve, with the probable exception of the first, sends

a visceral branch (white ramus communicans) to join the gangliated trunk in the

thorax. These white rami separate into two main streams in relation to the

sympathetic trunk. Those of the upper Jive nerves are for the most part directed

upwards to be distributed through the cer\'ical part of the sympathetic trunk
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in the manner already described. The white rami of the lower thoracic nerves are

for the most part directed downwards in the inferior part of the sympathetic trunk
and its branches, to be distributed in the abdomen ; at the same time some of

their fibres are directly supplied to certain thoracic viscera,—lungs, aorta, oesophagus.

These white rami are composed of (1) splanchnic afferent fibres passing from
its peripheral branches through the sympathetic trunk into the ganglia of the

roticus internus
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¥u,. 639.

—

The Cardiac Plexuses.

spinal nerves—meduUated nerve-fibres unconnected with sympathetic ganglion

cells; and (2) somatic and splanchnic efferent fibres, small medullated nerves

which, after a longer or shorter course in the gangliated trunk or its peripheral

branches, become connected with the sympathetic ganglion cells, or with the

cells of peripheral (collateral or terminal) ganglia, from which again (non-meduUated)

axons proceed to supply branches to viscera and vessels. The ultimate destination

of the ujyper stream of white rami from the thoracic nerves has been mentioned

in the description of the cervical sympathetic.
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The peripheral branches supplying thoracic organs contain vaso-motor fibres

for the lungs and aorta. The peripheral branches from the lower part of the

sympathetic trunk in the thorax, receiving white rami from the lower thoracic

nerves, are distributed mainly to structures below th(i diaphragm. They comprise
(a) viscero-inhibitory tibres for the stomach and intestines ; {h) motor fibres for

part of the rectum ; (c) pilo-motor fibres for the lower part of the body
;
(d) vaso-

motor fibres for the abdominal aorta and its branches, and for the lower limbs

;

(e) secretory, and (/) sensory fibres for the abdominal viscera.

The branches from the gangliated trunk are, as in the neck, divisible into two
sets

—

{A) Central branches, communicating with other nerves, and {B) peripheral

branches, distributed in a plexiform manner to the thoracic and abdominal viscera.

{A) Central Communicating Branches.—The white rami conmiunicantes from
the thoracic nerves have already Ijeen described. Passing forwards from the
anterior rami of the nerves, they become connected with the ganglia or the con-

necting cord of the sympathetic.

The gray rami communicantes are branches arising irregularly from each thoracic

ganglion
;
passing backwards along with the white rami, they join the anterior

rami of the thoracic nerves, and are distributed in a manner already described

(p. 754).

(B) Peripheral Branches of Distribution.—These branches arise irregularly

from the ganglia and the connecting cord. They are composed of non-medullated
(splanchnic efferent) fibres derived from the ganglion cells, and medullated fibres

(splanchnic efferent and afferent) derived directly from the white rami, without
the intervention of the cells of the ganglia.

1. Rami Pulmonales.—Pulmonary Branches.—From the gangliated trunk
opposite the second, third, and fourth ganglia fine filaments arise which join the
posterior pulmonary plexus.

2. Rami Aortici.—Aortic Branches.—The upper part of the thoracic aorta

receives fine branches from the upper five thoracic ganglia.

3. Nn. Splanchnici.—Splanchnic Nerves.—Three nerves arise from the inferior

part of the gangliated trunk, partly from the ganglia themselves, and partly from
the connecting cord between the ganglia. Passing downwards over the bodies

of the thoracic vertebrse they pierce the diaphragm, to end in the abdomen.
(a) N. Splanchnicus Major.—The greater splanchnic nerve arises from the gangli-

ated trunk between the fifth and ninth ganglia. By the union of several irregular

strands a nerve of considerable size is formed, which descends in the posterior

mediastinum, and piercing the crus of the diaphragm, joins at once the anterior

end of the cceliac ganglion. In its course in the thorax the splanchnic ganglion

is formed upon the nerve. It is more prominent in the foetus than in the adult.

From both nerve and ganglion branches arise in the thorax, for the supply of

the cesophagus and descending thoracic aorta (Fig. 638).

(6) N. Splanchnicus Minor.—The lesser splanchnic nerve arises from the gangli-

ated trunk opposite to the ninth and tenth ganglia. It passes over the bodies of

the lower thoracic vertebrae, pierces the diaphragm near or along with the greater

splanchnic nerve, and ends in the coeliac plexus (aortico-renal ganglion).

(c) N. Splanchnicus Imus.—The lowest splanchnic nerve arises from the

last thoracic ganglion of the sympathetic, or it may be a branch of the lesser

splanchnic nerve. It pierces the diaphragm, and ends in the renal plexus.

III. PAES ABDOMINALIS SYSTEMATIS SYMPATHICI.

The abdominal part of the sympathetic trunk is placed upon the bodies of

the lumbar vertebra?, medial to the origins of the psoas major muscle, and in front

of the lumbar vessels. It is connected with the thoracic portion of the trunk by
an attenuated cord which either pierces or passes behind the diaphragm. It is

continuous below with the pelvic portion of the trunk by means of a connecting cord,

which passes behind the common iliac artery.

It is joined by medullated fibres (white rami communicantes) from the first two
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lumbar spinal nerves, and it contains, as well, medullated libres continued down
from the lower part of the thoracic sympathetic trunk, and derived from the

visceral branches (white rami communicantes) of the lower thoracic nerves.

This part of the trunk is characterised by great irregularity in the number of

the ganglia. They are usually four in number, but there are frequently more
(up to eight) ; and in extreme cases fusion may occur to such an extent that the

separation of individual ganglia

becomes impossible.

1. Central Communicating
Branches.—Wliite rami communi-
cantes.— Only the first two (or

three) lumbar spinal nerves send
visceral branches (white rami
communicantes) to the upper
lumbar ganglia or to the sym-
pathetic trunk. These nerves form
the lower limit of the thoracic-

lumbar visceral branches of the

spinal nerves. They comprise vaso-

motor fibres (for the genital organs),

and motor fibres for the bladder

and uterus.

Gray rami commimicantes pass

from the gangliated trunk to the

anterior rami of the lumbar nerves

in an irregular manner. One
ramus may divide so as to supply

branches to two adjacent spinal

nerves ; or one spinal nerve may
be joined by several (two to five)

gray rami from the sympathetic

trunk.

The rami course deep to the

origin of the psoas major muscle

and over the bodies of the vertebrae.

Gray rami sometimes pierce the

fibres of the psoas muscle.

2. Peripheral Branches of

Distribution.—From the lumbar
sympathetic trunk numbers of

small branches arise irregularly,

and supply the abdominal aorta,

Fig. 640.

—

The Lcmbak Portion of the Sympathetic
Gangliated Trunk and Lumbar Plexus. (From a dissection.)

T.ll, T.12, L.l, L.2, L.3, L.4, L.5, Anterior rami of spinal

nerves, with white and gray rami communicantes.

Sy, Sympathetic trunk ; Va, Vagus nerve ; G^S, Greater reinforcing the aortic plexus (de-

rived from the cceliac plexus).

IV. PAES PELVINA SYS-
TEMATIS SYMPATHICI.

splanchnic nerve, joining coeliac ganglion ; S.R.C, Supra-

renal gland and plexus; R.Pl, Renal plexus; Ao.Pl,

Aortic plexus ; S.M, Superior mesenteric plexus ; I.M,

Inferior mesenteric plextis ; Hy.Pl, Hypogastric plexus;

Q, Nerves to quadratus lumborum ; I.H, Ilio-hypogastric

nerve; I.I, Ilio-inguinal nerve; G.C, Genito - femoral

nerve ; E.C, Lateral cutaneous nerve ; A.C, Femoral

nerve ; Ace. Obt, Accessory obturator nerve ; Obt,

Obturator nerve ; 4, 5, Lumbo-sacral trunk.

The pelvic part of the sym-
pathetic trunk, like the cervical

and lower abdominal portions of

this system, receives no white rami communicantes from the spinal nerves. The
visceral branches (jpelvic splanchnic) of the third sacral nerve, and usually, also,

the second or fourth sacral nerve, enter the plevic plexus without being directly

connected with the sympathetic trunk. These nerves, however, are to be regarded

as homologous with the white rami communicantes of the thoracico- lumbar

nerves {abdominal splanchnic). They convey to the pelvic viscera— (1) motor

and inhibitory fibres for rectum, uterus, and bladder, (2) vaso-dilator fibres for the

genital organs, and (3) secretory fibres for the prostate gland.
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This portion of the sympathetic trunk is placed on the pelvic surface of the

sacrum, medial to the anterior sacral foramina. It is connected ahove by a

cord with the abdominal portion of the sympathetic, and below it ends in

a plexiform union over the coccyx with the trunk of the other side, the two
being frequently connected by the ganglion impar or coccygeal ganglion. The
number of ganglia is varial)le ; there are commonly lour. Tiiey are of small size,

gradually diminishing from al)Ove downwards.
Central communicating branches arise irregularly in the form of gray rami

communicantes from the s;icral ganglia, which join the anterior rami of the sacral

and coccygeal nerves.

Peripheral Branches of Distribution.—(1) Visceral branches of small size arise

from tlie upper part of the pelvic sympathetic trunk, and join the pelvic plexus

(see below).

(2) Parietal branches, also of small size, ramify over the front of the sacrum, and
form, in relation to the middle sacral artery, a plexiform union with branches from
the sympathetic trunk of the other side.

PLEXUS SYMPATHICI.

Sympathetic Plexuses.—It has already been seen that the peripheral l)ranches

of the sympathetic trunk, throughout its length, are characterised by forming or

joining plexuses in their neighbourhood.

The cervical sympathetic ganglia and nerves give rise to the carotid and
cavernous plexuses ; the external carotid, pharyngeal, thyreoid, vertebral, and
subclavian plexuses; and they send important branches to the cardiac plexuses

(described with the vagus nerve).

The thoracic ganglia send branches to join the pulmonary and cesopliageal

plexuses (described with the vagus nerve). They form plexuses on the thoracic

aorta, and by means of the splanchnic nerves they form the chief source of

the coeliac plexus.

The Cceliac and Pelvic Plexuses.

These great plexuses serve to distribute nerves to the viscera and vessels of the

abdominal and pelvic cavities. Taken together they include three plexuses—the

cceliac plexus, the hypogastric plexus, and the pelvic plexus. They are constituted

by peripheral branches of the lower thoracic, abdominal, and upper pelvic parts

of the sympathetic trunk ; and they are related to the central nervous system
by means of the visceral branches (white rami communicantes) of the lower

thoracic and upper lumbar nerves on the one hand, and by the visceral branches
of the second and third, or third and fourth sacral nerves, on the other hand. The
thoracico-lumbar series join the sympathetic trunk, and reach the coeliac plexus
mainly through the splanchnic nerves, and to a lesser extent through the abdominal
part of the sympathetic trunk. The sacral series enter the pelvic plexus without
connexion with the sympathetic trunk. The hypogastric plexus serves as a con-

necting link between the cceliac and pelvic plexuses.

Plexus Coxiacus.

The coeliac plexus lies on the posterior abdominal wall in relation to the

abdominal aorta and behind the stomach. It is composed of three elements : the

coeliac plexus surrounding the origin of the cceliac artery, between the crura of

the diaphragm ; and two coeliac ganglia, each lying on the corresponding crus of

the diaphragm, and overlapped by the suprarenal gland, and on the right side

by the inferior vena cava. The plexus is continuous with subordinate plexuses,

diaphragmatic, suprarenal, renal, superior mesenteric and aortic ; and by means
of the hypogastric nerves the aortic plexus is continued into the hjrpogastric

plexus, which again forms the chief origin of the pelvic plexuses.

The cceliac ganglia constitute the chief ganglionic centres in the coeliac

plexus. They are irregular in form. They are often partially subdivided, and one
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detached portion at the lower end is named the aortico-renal ganglion. Other small
scattered masses of cells are present in the coeliac plexus. At the upper end the
coeliac ganglion receives the greater splanchnic nerve. The aortico-renal ganglion

til i, ^ffSSSSBfKt! Greater splanchnic nerve
. \^ '/4Qni^^^3k Abdominal sympathetic chain

^^ JE.- .

' -^/^^ -—--^!%. ' " -Creliac ganglion

Lesser splanchnic nerve -X-A,v§fr^"
' -|^— -Suprarenal plexus

/ >VW|TT7T' --^i^mk - Lowest splanchnic nerve

Superior mesenteric plexus AiJ v-' -^^r'^^^^' ^^^^K Aortico-xenal gaiieliou

~
Renal plexus

Aortic plexus -.1-^ -jS

Spermatic plexus --T--'3ir

i,

Abdominal sympathetic chain ---/r

Inferior mesenteric plexus—

Hypogastric nerves

Hypogastric plexus

Right jjelvic plexus
.

White ramus comniunicans from
second lumbar nerve to
sympathetic trunk

Second lumbar nerve

Cord connecting
abdominal and pelvic
sympathetic

Left pelvic plexus

Visceral branch of
second sacral nerve

Pelvic sympatlietie
trunk

- Visceral branch of
third sacral nerve

Branch from pelvic
- — sympathetic trunk to

pelvic plexus

Left pelvic plexus

HpemoiThoidal plexus

Branch from pelvic syniiiathetic
trunk to pelvic plexus

Nerves to corpus
cavernosum penis

Vesical plexus

I
Cavernous plexus

Nerves to corpus cavernosum urnthrje

Fig. 641.—The Sympathetic in the Abdomen and Pelvis.

at its lower end receives the lesser splanchnic nerve. Branches from the
ganglion radiate in all directions—medially to join the coeliac plexus, upwards
to form the diaphragmatic plexus, laterally to the suprarenal plexus, downward
to the renal, superior mesenteric, and aortic plexuses.
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The coeliac plexus forms a considerable plexitbrm mass surrounding the

caliac artery. It consists of a dense meshwork of fibres with ganglia inter-

mingled, joined by numerous branches from the cceliac ganglion on each side,

and by branches from the right vagus nerve. It is continuous below with the

superior mesenteric and aortic plexuses. Investing the cceliac artery, it forms

8ul)sidiary plexuses which are distributed along the branches of the artery. The
left gastric plexus supplies branches to the ccsophagus and stomach ; the hepatic

plexus supplies 1 tranches to the liver and gall-bladder, stomach, duodenum, and
pancreas

;
and the splenic plexus sends oll'sets to the spleen, pancreas, and stomach.

Subordinate plexuses are f(»rmed on the aorta and its branches by nerves

derived from the cceliac ganglia and coeliac plexus.

a. Plexus Phrenicus.—The phrenic plexus consists of fibres arising from the

cceliac ganglion, and it accompanies the inferior phrenic artery. Besides supplying

the diaphragm, it gives branches to the suprarenal plexus, and—on the right side

to the inferior vena cava— on the left side to the oesophagus. It communicates on

each side with the phrenic nerve. At the junction of the plexus and the phrenic

nerve of the right side a ganglion is formed (phrenic ganglion).

b. Plexus Suprarenalis.—The suprarenal plexus is of considerable size. It is

mainly derived from branches of the coeliac ganglion, reinforced by nerves from

the inferior part of the coeliac plexus which stream laterally on the suprarenal

arteries It is joined by branches from the phrenic plexus above and from the

renal plexus below. The nerves enter the substance of the suprarenal gland.

c. Plexus Renalis.—The renal plexus is derived from (1) branches of the coeliac

ganglion, and (2) tibres from the aortic plexus, extending laterally along the renal

artery to the hilum of the kidney. It receives also the lowest splanchnic

nerve, and is connected by numerous branches to the suprarenal plexus.

d. Plexus Mesentericus Superior.—The superior mesenteric plexus is inseparable

above from the cceliac plexus, and is joined on each side by fibres from the cceliac

and aortico-renal ganglia. It is continuous below with the aortic plexus. A
separate detached ganglionic mass (superior mesenteric ganglion) is present in the

plexus. Accompanying the superior mesenteric artery it forms subordinate

plexuses around the branches of the vessel. The plexuses at first surround

the intestinal arteries, but near the intestine they form fine plexuses between
the layers of the mesentery, from which branches pass to the wall of the gut.

This plexus supplies the small intestine, csecum, vermiform process, ascending

and transverse portions of the colon.

e. Plexus Aorticus Abdominalis.—The aortic plexus is the continuation down-
wards of the coeliac plexus around the abdominal aorta. It is continuous above

with the coeliac and superior mesenteric plexuses ; it is reinforced by the peripheral

branches of the lumbar sympathetic trunk ; and it is connected with the hypo-

gastric plexus below by the hypogastric nerves. Besides investing and supplying

the aorta, the plexus is connected with various subordinate plexuses on the branches

of the artery. It contributes to the suprarenal and renal plexuses, and it gives

rise to the spermatic or ovarian, and the inferior mesenteric plexuses.

Plexus Spermaticus.—The spermatic plexus invests and accompanies the sper-

matic artery. It is derived from the aortic plexus, and receives a contribution

from the renal plexus. It supplies the spermatic cord and testis.

Plexus Arterise Ovaricae.—The plexus of the ovarian artery in the female arises

like the spermatic plexus. It accompanies the ovarian artery to the pelvis, and

supplies the ovary, broad ligament, and uterine tube. It forms communications in

the broad ligament with the uterine plexus (from the pelvic plexus), and sends

fibres to the uterus.

Plexus Mesentericus Inferior.—The inferior mesenteric plexus is a derivative from

the aortic plexus, prolonged along the inferior mesenteric artery. It forms sub-

ordinate plexuses on the branches of the artery (colic, sigmoid, and superior

huemorrhoidal), and is distributed to the descending colon, iliac colon, pehnc colon,

and upper part of the rectum.
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Plexus Pelvini.

The hypogastric nerves form the continuation of the aortic plexus into the

pelvic cavity. They consist of numerous plexiform bundles of nerve-fibres which
descend along the front and back of the bifurcation of the aorta and the origin of

the common iliac arteries, and over the sacral promontory, where, becoming in-

extricably mingled, they constitute the hypogastric plexus.

The hypogastric plexus is continued downwards in front of the sacrum on each

side of the rectum, and ends in the pelvic plexuses.

The pelvic plexuses are formed by the separation of the hypogastric plexus

into two halves at the sides of the rectum. Each is joined by fibres from the

upper portion of the pelvic part of the sympathetic trunk, and by the visceral

branches (white rami communicantes) from the second and third or third and
fourth sacral nerves. Accompanying the hypogastric artery and its branches,

each pelvic plexus gives off subordinate plexuses for the pelvic viscera.

a. Plexus Hsemorrhoidalis—The hsemorrhoidal plexus supplies the rectum, and
joins the superior hsemorrhoidal plexus from the inferior mesenteric plexus.

h. Plexus Vesicalis.—The vesical plexus accompanies the vesical arteries to the

bladder-wall. Besides supplying the muscular wall and mucous membrane of the

bladder, it forms subordinate plexuses for the lower part of the ureter, the vesicula

seminalis, and the ductus deferens.

c. Plexus Prostaticus.—The prostatic plexus is of considerable size. It is placed

on both sides of the gland, and, in addition to supplying its substance and the

prostatic urethra, it sends offsets to the neck of the bladder and the vesicula

seminalis. It is continued forwards on each side to form the plexus cavemosus penis

(cavernous plexus of the penis). Bundles of nerves pierce the layers of the fascia

of the urogenital diaphragm, and, after supplying the membranous urethra,

give off branches which enter and supply the corpus cavernosum penis. The
cavernous nerves communicate with branches of the pudendal nerve and give

offsets to the corpus cavernosum urethrae and the penile portion of the urethra.

d. Plexus Uterovaginalis.—The uterine plexus passes upwards with the uterine

artery between the layers of the

broad Kgament, and is dis-

tributed to the surfaces and
substance of the organ. It com-
municates between the layers of

the broad ligament with the

plexus of the ovarian artery.

The vaginal plexus is formed
mainly by the visceral branches

of the sacral nerves entering

the pelvic plexus. It supplies

the wall and mucous membrane
of the vagina and urethra, and
provides a cavernous plexus for

the clitoris. The uterine and
vaginal plexuses of the female

correspond to the prostatic plexus

of the male.

The Mohphology of the
Sympathetic System

From a consideration of its struc-

Fia. 642.

—

Section thuoouh the Sympathetic Trunk
OF AN Embryo.

Showing the connexion with the ganglion (Sy) of the wliite ture, functions, and development, there

ramus communicans (Spl)
;

(a) a portion of the ramus joining appear -to be two separate structures

the ganglion
; (/3) fibres passing over the trunk, accompanied represented in the sympatheticnervous

by a stream of cells
; (7) continuous with those of tlie gan- system— the spinal and the sym-

glion
;
(Ao) Aorta. pathetic elements. The structure of

the system presents a union of two
distinct elements—fibres of cerebro- spinal origin and "sympathetic" cells and fibres. While
the function of the sympathetic trunk and its branches seems to be dependent upon the
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cerebro-spinal nervous system, it is certain tliat the celk and fibres of the sympathetic system

Sossese a vital activity apart from their connexion with the central nervous system. In the
evelopment of the sympatlietic it is at least highly probable tliat a mcsoblastic rudiment or

precursor forms tlie basis of tlie sympathetic system, wliicli is secondarily joined by nerve-
fibres from tlie roots of tin; spinal nerves.

Morjjhologically this jiart of the nervous system is essentially a longitudinal cord or column,
associated with involuntary muscles and glandular tissues, and ])articularly related to the organs
in the splanclmic area. Like other longitudinal structures in the body, and especially like the
organs of tlie splanchnic area, the sympathetic system is not truly segmental The sympathetic
trunk is only quasi -segmental, the segmentation being attributable to its junction with the
visceral l)ranches of the spinal nerves. The peri})heral branches from the sympathetic trunk are
by no means segmental ; even the gray rami are not properly metameric, but, like the ganglia,
assume a segmental character in consequence of their connexions with the spinal nerves.

The phylogenetic relation of the sympathetic and the cerebro-spinal elements in the system
it is impossible to determine. It may be that the sympathetic system is the representative of
an ancient architecture independent of the cerebro-spinal nervous system, the materials of which
are utilised for a more modern nervous system ; or it may be that the correlation of spinal
nerves and sympathetic are both the consequences of the formation of new organs and structures
in the splanchnic area. Examined in every light, it possesses features which effectually differ-

entiate it from the cerebro-spinal system, although it has become inextricably united with it

and subservient to it.

THE CEREBRAL NERVES.

Niunber.
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the olfactory mucous membrane and terminate in the olfactory bulb. The fibres

are non-medullated. After their origins from the olfactory cells of the olfactory

retnon on the upper part of the nasal septum and the corresponding part of the

lateral wall of the nasal cavity, the nerve fibres form fine plexuses from which the

terminal filaments pass through the cribriform plates of the ethmoid on their way

to the olfactory bulb. Each filament has a sheath of dura mater.

Olfactory bulb

Olfactory tract-

Olfactory tubertl

Optic ner\

Optic chiasm i
—

Oculo-motor nerve

Trochlear nerve

Trigeminal nerve-

Abducens ner\

Facial ner\ -

N. intermedin
Acoustic nerve

Oltactory bulb

Olfactoiy tract

Aiea paiolfactoria
Olfactoiy tubercle
Medial stria of olfactory

erve
Lateral stria

Optic chiasma
Ant. perforated sub-
stance
Temporal lobe (cut)

Optic tract

Oculo-motor nerve

Tioclilear nerve

^Stria terminalis
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Lat. geniculate body
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Med. geniculate body
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)
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|

Hypoglossal nerve
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Fig. 643.

—

View of the Inferior Surface of the Brain,

With the lower portion of the temporal and occipital lobes, and the cerebellum on the left side removed,

to show the origins of the cerebral nerves.

Nervus Opticus.

The second or optic nerve consists of nerve fibres which spring from the

ganglion cells of the retina, and converge to the optic papilla, where they are grouped

together to form the optic nerve. The nerve pierces the outer layers of the retina,

the chorioid, and the sclera. It pierces the sclera 3 mm. (one-eighth of an inch),

to the medial side of the posterior pole of the eyeball, and enters the orbital fat,

through which it runs backwards and medially surrounded by the ocular muscles.

At the posterior part of the orbit it enters the optic foramen of the sphenoid bone,

through which it passes to the middle fossa of the skull, where it ends in the optic

chiasma, which lies at the base of the brain, anterior to the interpeduncular area

and between the right and the left anterior perforated substance.

From each of the two postero-lateral angles of the optic chiasma an optic tract

sweeps round to the back of the thalamus and to the mid-brain, between the pedun-

culus cerebri and the hippocampal gyrus of the corresponding side, and each tract
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terminates in connection witli the pulvinar, the lateral geniculate body the superior

brachiuni, and tlu; medial geniculate body—all of the same side.

When tlu! optic nerve nuiches the oi)tic cliiaKina some olits fibres pass to the optic

tract of the same side and some to the optic tract of the opposite side. Therefore,

each optic nerve is connected with both sides of the brain. But each optic tract, in

adilition to some fibres of both optic nerves, contains also fibres passing from the

medial geniculate body of one sidi; to the medial geniculate body f)f tlic opposite side.

Fig. 644.

—

Central Conne.xions ok the Optic Nerve and Optic Tracts.

In the orbital portion of its course the optic nerve is surrounded by sheaths of

the membranes of the brain, and by a sheath of fascia l)ulbi, as well as ])y the fat and
muscles; and it is crossed by the ophthalmic artery and the naso-ciliary nerve. It

is pierced on its inferior surface by the central artery of the retina, and as it

approaches the eyeball it is surrounded by the ciliary vessels and nerves.

Nervus Oculomotorius.

The third or oculo-motor nerve arises from the brain, in the region of the

posterior perforated substance, by several fila radicularia (radicles) emerging from
the oculo-motor sulcus, on the medial side of the cerebral peduncle, just in front

of the pons (Fig. 643). Passing forwards between the posterior cerebral and
50
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superior cerebellar arteries, the nerve pierces the dura mater beside the posterior

clinoid process, in a small triangular space between the free and attached borders

of the tentorium cerebelli. Beneath the dura mater the nerve courses through the
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Sphenoidal sinus

Sphenoid bone

Internal carotid artery

Internal carotid artery

Trochlear ner\-e

Oculo-motor nerve
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Ophthalmic artery
^,1 Anterior clinoid process

Trochlear nerve

/ Frontal nerve
Lacrimal nerve

Oculo-motor nerve
(superior division)

Naso-clliary nerve

Oculo-motor nerve
(inferior division)

Abducens nerve

Maxillary nerve

Abducens nerve
Cavernous sinus

Ophthalmic nerv
Maxillary nerve

|

Mandibular nerve

Foramen ovale
'i Mandibular nerve
Motor root of trieeminal nerve
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Fig. 645.

—

Relations of Structures in the Cavernous Sinus and Superior Orbital Fissure.

lateral wall of the cavernous sinus, and enters the orbit through the superior

orbital fissure and between the two heads of the lateral rectus muscle. As it

enters the orbit it divides into upper and lower branches, separated by the naso-
ciliary nerve.

Branches. — The
superior branch of the nerve

supplies two muscles of

the orbit— the superior

rectus and the levator

palpebrse superioris.

The inferior branch
passes forwards, and after

giving branches to the

medial and inferior recti,

ends in the inferior oblique

muscle. The sliort root of
the ciliary ganglion arises

from the terminal branch
which goes to the inferior

oblique muscle.

Corpora
quadrigemina

Frenulum veil

Anterior medullary velum

Thalamus

Brachium
quadrigeminum

Trochlear nerve

Lateral lemniscus

Brachium
conjunctivum

Pedunculus cerebri

Lingiila

Fig. 646.

—

Dorsal Surface of the Mid-Brain, to show the origin

of the trochlear (fourth) nerve.

Communications.— 1. In the cavernous sinus the oculo-motor nerve communicates with

the cavernous plexus on the internal carotid artery. 2. In the cavernous sinus it also

receives a slender communication from the ophthalmic division of the ti-igeminal nerve.

3. The short root of the ciliary ganglion passes upwards from the branch of the nerve

which supplies the inferior oblique muscle.

Nekvus Trochlearis.

The fourth or trochlear nerve emerges from the dorsal surface of the mid-

brain. It arises at the side of the frenulum veli from the anterior end of the

anterior medullary velum, just behind the corpora quadrigemina. It is extremely

slender, and of considerable length. Passing round the cerebral peduncle, the

nerve appears at the base of the brain behind the optic tract, in the interval

between the cerebral peduncle and the temporal lobe of the brain. Continued

forwards to the base of the skull, it pierces the free border of the tentorium cerebelli,

postero-lateral to tlie oculo-motor nerve, and proceeds forwards in the lateral wall

of the cavernous sinus, to the superior orbital fissure, lying between the oculo-
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motor nerve and the ophthalmic division of the trigeminal nerve. It enters the
orbit above the muscles of the eyeball, and terminates in the orbital (superior)

surface of the sujjcrior oblique muscle.

Communications. -In the ciivenious siiuis tlic nerve receives (1) a communicating
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Fig. 6-17.

—

The Base of the Skull, to .show the dura mater, siuu.ses, arterie.s, and nerves.

branch from the cavernous or carotid plexus on the internal carotid artery, and (2) a

slender filament from the ophthalmic division of the trigeminal nerve.

Nervus Trigeminus.

The fifth or trigeminal nerve arises from the inferior surface of the pons
in its lateral part by two roots, a large sensory root and a small motor root

(Fig. 643, p. 768). The two roots proceed forwards in the posterior fossa of the

skull, and piercing the dura mater beneath the attachment of the tentorium

cerebelli to the superior angle of the petrous part of the temporal bone, enter

a cavity in the dura mater (cavum Meckelii) over the apex of the petrous bone.
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The large sensory root graduallj'' conceals the small motor root in its course

forwards, and expands beneath the dura mater into a large flattened ganglion

—

the semilimar ganglion. This ganglion occupies an impression on the apex of the

petrous portion of the temporal bone, and from it three large trunks arise—the

ophthalmic or first, the maxillary or second, and the mandibular or third divisions

of the nerve. The small motor root of the nerve passes forward beneath the

ganglion, and is incorporated wholly with the mandibular division of the nerve.

Nervus Ophthalmicus.

The ophthalmic nerve passes forwards to the

of the skull, in the dura mater. It lies in the

orbit through the middle fossa

lateral wall of the cavernous
sinus, at a lower level than the

trochlear nerve, and reaches

the orbit through the superior

orbital fissure (Fig. 645).

In the wall of the cavernous

sinus the ophthalmic nerve gives

off (1) a small recurrent branch
to the dura mater (n. tentorii),

(2) communicating branches to

the cavernous plexus of the sym-
pathetic on the internal carotid

artery, and (3) small communi-
cating twigs to the trunks of

the oculo-motor, trochlear, and
abducent nerves.

In the superior orbital

fissure the nerve divides into

three main branches—lacrimal,

frontal, and naso-ciliary'(T'ig.

64:5).
~

N. Lacrimalis. — The
lacrimal nerve enters the orbit

through the lateral angle of

the superior orbital fissure,

above the orbital muscles.

It passes forwards, between
the periosteum and the orbital

contents, to the anterior part

of the orbit, and ends by
supplying branches (a) to the

lacrimal gland, (b) to the con-

junctiva,and (c) to the skin ofthe

lateral commissure of^the eye.

The lacrimal nerve communicates in the orbit with the zygomatic branch of the maxillary
nerve, and on the face, by its terininal branches, with the temporal branches of the facial
nerve (Fig. 653).

N. Frontalis.—The frontal nerve enters the orbital cavity througli the
superior orbital fissure, courses forwards above the ocular muscles, and divides
at a variable point into two branches—a larger supra-orbital and a smaller supra-
trochlear nerve.

N. Supraorbitalis.— The supra - orbital nerve passes directly forwards, and
leaves the orljit through the supra-orbital groove or foramen to reach the forehead.
It gives off the following secondary branches : (1) the principal (frontal) branches
(rami frontales) are distributed to the forehead and scalp, reaching backw9,rds as
far as tlie vertex

; (2) small branches supply the upper eyelid ; and (3) twigs are

Fig. 648.

—

Distribution of Sensory Nerves to
THE Head and Neck.
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distributed to the frontal sinus. On the forehead the supra-orbital nerve com-
municates with th(! tenn)oral l»runchcs oi the facial nerve.

N. Supratrochlearis.—The supra-trochlear nerve courses obliquely forwards
and medially above the tendon of the superior oblique muscle to reach the medial
side of the supra - orbital arch, where it leaves the cavity of the orbit ; it is

distributed to the skin of the medial part of the forehead, the root of the nose, and
the medial commissure of the eye.

It coinmunicates with the infra- trochlear branch of the naso-ciliary nerve, either

before or after leaving the orbital cavity.

N. Nasociliaris.—The naso-ciliary nerve (O.T. nasal) enters the orbit through
the superior orbital fissure, between the heads of the lateral rectus muscle,

and between the two divisions of the oeulo-motor nerve (Fig. 652, p. 776). It

crosses the orbital cavity obliquely to reach the anterior ethmoidal foramen, lying

in its course below the superior rectus and superior oblique muscles, and above the
optic nerve and medial rectus muscle. The nerve is transmitted, under the name
of anterior ethmoidal, through the anterior ethmoidal foramen into the cranial

cavity, where it lies embedded in dura mater on the lamina cribrosa of' the
ethmoid bone. It enters the nasal cavity through the nasal fissure, and termin-
ates by dividing into medial and lateral branches. The medial division supplies

the mucous membrane over the upper and anterior part of the nasal septum.
The lateral branch, after supplying collateral offsets to the lateral wall of the
nasal cavity, finally appears on the face as the external nasal nerve between the
nasal bone and lateral cartilage, and supplies branches to the skin of the lower part
and tip of the nose.

The branches of the naso-ciliary nerve may be divided into three sets, arising

(a) in the orbit, (&) in the nose, and (c) on the face.

In the orbit the branches are given off in three situations—lateral to, above, and
medial to the optic nerve. (a) As the nerve lies on the lateral side of the

optic nerve, it gives off the radix longa ganglii ciliaris (long root of the ciliary

ganglion), (b) As it crosses above the optic nerve, nn. ciliares longi (two long ciliary

branches) arise, and pass forwards alongside the optic nerve to tlie eyeltall. (c) On
the medial side of the optic nerve the n. infratrochlearis (infra -trochlear nerve)

arises, a slender branch which courses forwards below the pulley of the superior

oblique muscle to the front of the orbit. It ends on the face by supplying
the skin of the root of the nose and the eyelids, and communicates either in

the orbit or on the face with the supra-trochlear nerve. On the face it also

communicates with zygomatic branches of the facial nerve.

In the nose the rami nasales mediales (medial nasal branches) supply the mucous
membrane of the anterior part of the nasal septum ; the rami nasales laterales (lateral

nasal branches) supply the anterior part of the lateral wall of the nasal cavity.

On the face the terminal filaments of the nerve are distributed, as the ramus
nasalis externus (external nasal branch), to the skin of the lower half and tip of

the nose. The terminal branch communicates with the zygomatic branches of the

facial nerve (Fig. 653).

Ganglion Ciliare.—Tlie ciliary ganglion is associated with the naso-ciliary

branch of the ophthalmic nerve and with the inferior division of the oculo-motor

nerve. It is a small reddish ganglion, placed between the lateral rectus muscle
and the optic nerve, and in front of the ophthalmic artery. Its roots are three

in number : (1) sensory or long, derived from the naso-ciliary branch of the-

ophthalmic nerve
; (2) motor or short, derived from the inferior division of the

oculo-motor nerve ; and (3) sympathetic, a slender filament from the cavernous

plexus on the internal carotid artery, which may exist as an independent root

or may be incorporated with the long root from the naso-ciliary nerve. The
branches from the ganglion are twelve to fifteen nn. ciliares breves (short ciliary

nerves), which pass to the eyeball in two groups above and below the optic nerve.

They supply the coats of the eyeball, including the iris and ciliary muscles. I'he

circular fibres of the iris and the ciliary muscle are innervated by the third nerve
;

the radial fibres of the iris by the sympathetic.
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Branches of the olfactory nerves
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Innervation of Nasal Septum and Palate.
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Nervus Maxillaris.

The Maxillary Nerve.^—Tliis large nerve courses forwards from its origin in

the semilunar ganglion through the middle fossa of the skull, in the dura mater,

and in relation to the lower part of the cavernous sinus (Fig. 647, p. 771). It

passes through the foramen rotundura, traverses tlie pterygo-palatine fossa, and
enters the orbit as the infra-orl)ital nerve, through the inferior orbital fissure. In
the orbit it occupies successively the infra-orbital groove and canal, and it finally

appears on the face through the infra-orbital foramen (Fig. 653).

The branches and communications of this nerve occur (a) in the cavity of the

cranium, (b) in -the pterygo-palatine fossa, (c) in the infra-orbital canal, and (d)

on the face.
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The Nerves of the Orbit from above.

In the cariti/ of the cranium the nerve gives off a minute (n. meningeus medius)

middle meningeal (O.T. recurrent nerve) to the dura mater of the middle fossa of

the skull.

In the pterygo-palatine fossa the nerve gives oft^—(1) two short thick spheno-

palatine nerves, the sensory roots of the spheno-palatiue ganglioa

(2) Posterior superior alveolar nerves, which may be double, descend through the

pterygo-maxillary fissure to the lateral side of the maxilla, and proceed forwards

along the alveolar arch, in company with the posterior superior alveolar artery.

They supply the gum and the upper molar teeth by branches which perforate the

bone to reach the alveoli. The nerves form a fine plexus joined by the middle
alveolar nerve before finally reaching the teeth.

(3) A small zygomatic (O.T. orbital) branch enters the orbital cavity through
the inferior orbital fissure, and proceeding along the lateral wall, communicates
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with the lacrimal nerve, and passes through the zygomatico-orbital foramen in the
zygomatic bone, where it divides into two branches. The zygomatico-facial (O.T.
malar) branch appears on the face, after traversing the zygomatic bone, and supplies
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Fig. 652.
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Schematic Representation of the Nerves which traverse the Cavity of the Orbit.

the skin over that bone. It communicates with the zygomatic branches of the
facial nerve. The zygomatico-temporal (O.T. temporal) branch perforates the temporal
surface of the zygomatic bone, and is distributed, after piercing the temporal fascia,
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Fig. 653.
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The Course ok the Ophthalmic and Maxillart Nerves.

to the skin over the anterior part of the temple. It communicates with the
temporal branches of the facial nerve. It may be very minute, and not pass
further than the temporal fascia, between the two layers of which it may form a
communication with the facial nerve.
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(4) The infra-orbital nerve is the terminal branch of the maxillary nerve, which
enters the orbit through the inferior orbital fissure and traverses the infra-orbital

canal to reach tlie face.

In the infra-orhital canal the infra-orbital nerve su])j)liG.s one and sometimes
two branches to the teeth—tlie middle and anterior superior alveolar nerves (ramus
alveolaris superior medius et rami alveolares superiores anteriores). Tlie former may be
only a secondary branch of one of the latter nerves, or it may arise independently
from the infra-orbital nerve. However formed, the nerves descend in bony canals
in the wall of the maxillary sinus (to the linim^f of which branches are givenj, and
reach the alveolar arch, where they form minute plexuses and supply tbe teeth
(joining posteriorly with the branches of the posterior superior alveolar nerves).
The anterior superior alveolar nerve supplies the incisor and canine teeth ; the
middle superior alveolar nerve supplies the premolar teeth.

After emerging on the face from tlie infra-orbital foramen, the infra-orbital

nerve divides into a number of radiating branches arranged in three sets

—

(a)

Zygomatic l)rancli at inferior orbital lissiue

Maxillary nerve at foramen
rotunduni

Infra-orbital nerve appearing
\vk-$»:

on the face at the infra-orbital

foramen \ ?»>/

Middle and anterior / fi
alveolar branches \ //i

/ /

Spheno-palatine ganglion and nerves

^Palatine hranclips

Posterior superior alveolar nerve

' I

iXJOf.
Fig. 654.
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Course and Branches of the Maxillary Nerve.

inferior palpebral (rami palpebrales inferiores), for the lower eyelid
; (&) external nasal

(rami nasales extemi), for the skin of the side of the nose ; and (c) superior labial

(rami labiales superiores), for the cheek and upper Hp. These branches form com-

munications with the zygomatic branches of the facial nerve, and give rise to the

infra-orhital 'plexus (Fig. 657, p. 783).

Ganglion Spheno-palatinum.— The spheno-palatine ganglion occupies the

upper part of the pterygo- palatine fossa. It is a small reddish-gray ganglion,

suspended from the maxillary nerve by the two spheno-palatine branches which

constitute its sensory roots. The motor and ssrmpathetic roots of the ganglion are

derived from the nerve of the pterygoid canal. This nerve is formed in the cranial

cavity, upon the cartilage filling up the foramen lacerum, by the union of the

greater superficial 2J^trosal nerve from the genicular ganglion of the facial nerve

(emerging from the temporal bone through the hiatus canalis facialis) with the

deep petrosal nerve, a branch of the sympathetic plexus on the internal carotid

artery. The nerve of the pterygoid canal passes through the pterygoid canal

to the pterygo-palatine fossa, where it joins the spheno-palatine ganglion.
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The branches from the ganglion are seven in number.

(a) The pharyngeal branch passes backwards through the pharyngeal canal to

supply the mucous membrane of the roof of the pharynx.

(6) Nervi Palatini.—The palatine nerves, three in number, are directed down-
wards to the palate through the palatine canals.

The large anterior palatine nerve emerges on the under surface of the palate

through the greater palatine foramen, and at once separates into numerous branches

for the supply of the mucous membrane of the soft and the hard palate. Its

anterior filaments communicate with branches of the naso-palatine nerve. The
main nerve gives off, as it lies in the palatine canal, a small posterior inferior lateral

nasal nerve (rami nasales posteriores inferiores laterales), which enters the nasal

cavity and supphes the mucous membrane of the lower part of its lateral wall.

The middle palatine nerve descends through a small palatine canal,and,piercing the

pyramidal process of the palate bone, is distributed to the mucous membrane of the

soft palate, uvula, and palatine tonsil. It possibly conveys motor fibres to the levator

veli palatini and uvular muscles. The n. palatinus posterior (posterior palatine

nerve) consists of one or more small twigs which pass through lesser palatine canals,

and supply branches to the mucous membrane of the tonsil, soft palate, and uvula.

(c) The branches directed medially from the spheno-palatine ganglion enter the

nasal cavity through the spheno-palatine foramen. They are two in number—the

posterior superior lateral nasal and the naso-palatine. The posterior superior

lateral nasal branch (rami nasales posteriores superiores laterales) is a small nerve

destined for the mucous membrane of the superior and posterior part of the lateral

wall of the nasal cavity. The n. nasopalatinus (naso-palatine nerve), after passing

through the spheno-palatine foramen, crosses the roof of the nasal cavity, and
extends obhquely downwards and forwards along the nasal septum, grooving the

vomer in its course, to reach the incisive foramen near the front of the hard palate.

The nerves pass through the subordinate median foramina (of Scarpa), the left

nerve in front of the right. In the incisive foramen the two nerves communicate

together. They then turn backwards and supply the mucous membrane^ of the

hard palate. They communicate posteriorly with terminal filaments of the anterior

palatine nerves. In its course through the nasal cavity the naso-palatine nerve

furnishes collateral branches to the mucous membrane of the roof and septum of

the nose (posterior superior medial tranches) (Fig. 649, p. 774).

(d) Rami Orbitales.—The orbital branches, one or more minute branches, pass

upwards to the periosteum of the orbit from the spheno-palatine ganghon.

Nervus Mandibularis.

The mandibular nerve is formed by the union of two roots ; a large sensory-

root, from the semilunar ganghon, and the small motor root of the trigeminal

nerve, which is wholly incorporated with the mandibular trunk. The two roots

pass together in the dura mater of the middle fossa of the base of the skull

to the foramen ovale, through which they emerge into the infra-temporal fossa.

Outside the skull they combine to form a single trunk, which soon separates into

anterior and posterior divisions.

At its emergence from the skuU the nerve is deeply placed beneath the middle

of the zygomatic arch, and is concealed by the ramus of the mandible, and by the

masseter, temporal, and external pterygoid muscles.

The branches of the nerve may be divided into two series—(1) those derived

from the undivided nerve, and (2) those derived from its terminal divisions.

The branches of the undivided nerve are two in number, (a) A small nervus

spinosus (O.T. recurrent nerve) arises just outside the skull, and accompanying the

middle meningeal artery through the foramen spinosum, supplies the dura mater.

(b) In the infra-temporal region a small branch arises for the supply of the internal

pterygoid muscle. This nerve forms a connexion with the otic ganglion.

The terminal divisions of the nerve are a small anterior and a large posterior

trunk.

The small anterior trunk (nervus masticatorius or masticator nerve) passes
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downwards and forwards medial to the external pterygoid muscle, and separates into

the following l)ranches :—(1) A branch for the external pterygoid muscle, which
supi)lie8 it on its deep surface

; (2) a branch to the massetiT niu.scle (n. mas-

setericus), which passes over the superior border of tlie external pterygoid and
through the niaudilnilur notch of the maudible

; (3) and (4) two deep temporal
branches (nn. temporales profundi), an anterior and a posterior, to the temporal muscle,

which also ascend above the external pterygoid muscle ; and (5) the n. buccinatorius

(buccinator (O.T. buccal) nerve), which passes obliquely forwards between the two
heads of the external i»terygoid to reach the buccinator muscle. This nerve is

sensory, and its fibres are, in part, distributed to the skin of the cheek (connnuni-

cating with buccal branches of the facial nerve) ; they are also, in part, distributed

to the mucous membrane of the inside of the mouth, to reach which they pierce
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, I
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I
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The Mandibular Nerve.
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the fibres of the buccinator muscle. The buccinator nerve usually supplies a
third branch to the temporal muscle, after emerging between the two heads of

the external pterygoid muscle (Fig. 655).

The large posterior trunk extends downwards a short way medial to the external
pterygoid muscle. After giving off, by two roots, the auriculo-temporal nerve, it

ends by dividing into two, the lingual and the inferior alveolar nerves.

N. Auriculotemporalis.—The auriculo-temporal nerve is formed by the union
of two roots which embrace the middle meningeal artery. The nerve passes

backwards medial to the external pterygoid muscle and between the spheno-man-
dibular ligament and the neck of the mandible. After passing through the parotid
gland, it is directed upwards to the temple over the zygoma, in company with the
superficial temporal artery. It is finally distributed as a cutaneous nerve of the
temple and scalp, and reaches almost to the vertex of the skull.

The auriculo-temporal nerve gives off the following branches:—(1) A small
branch to the mandibular articulation. (2) Branches to the parotid gland (rami
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parotide!). (3) A twig for the supply of the skin of the external acoustic meatus

and meiubrana tympani (n. meatus auditorii externi et ramus membranse tympani).

(4) Branches to the superior half of the auricle on its lateral aspect. (5) Terminal

branches to the skin of the temple and scalp (rami temporales superficiales).

It has the following communications with other nerves :—(1) Important communica-

tions are effected by the roots of the nerve, which are separately joined by small branches

from the otic ganglion. (2) The parotid branches of the nerve are connected with branches

of the facial nerve in the substance of the gland (rami anastomotici c. nervo faciali).

(3) The temporal branch of the nerve is in communication superficially with the temporal

branches of the facial nerve.

N. Lingualis.—The lingual nerve is the smaller of the two terminal branches

of the posterior division of the mandibular trunk. It proceeds downwards in front

of the inferior alveolar nerve, medial to the externaljpterjgoid muscle, to its inferior

'border. After passing between the internaT^terygoid muscTe''aim the ramus of

the mandible, it crosses beneath the mucous membrane of the floor of the mouth
in the interval between the mylo-hyoid and hyoglossus muscles and beneath the

duct of the submaxillary gland. It sweeps forwards and medially to the side of

the tongue, to the mucous membrane over the anterior two-thirds of which it is

distributed.

Two nerves communicate with the lingual nerve in its course to the tongue :

—

(1) The chorda tympani branch of the facial nerve joins it medial to the external

pterygoid muscle, and is incorporated with it in its distribution to the tongue.

(2) The hypoglossal nerve forms larger or smaller loops of communication with

the lingual nerve as they course forwards together over the hyoglossus muscle (rami

anastomotici cum nervo hypoglosso). ^-

Besides supplying the aforesaid branches to the mucous membrane over the sides

and dorsum of the tongue in its anterior two-thirds, the lingual nerve supplies the

mucous membrane of the side wall and floor of the mouth. It also assists, along

with the chorda tympani nerve, in forming the roots of the submaxillary ganglion.

Ganglion Submaxillare.— The submaxillary ganglion is a minute reddish

ganglion placed on the hyoglossus muscle, between the lingual nerve and the duct

of the submaxillary gland. It is suspended from the former by two trunks, con-

sisting for the most part of fibres of the lingual and chorda tympani nerves, which

at that point become separated from the lingual nerve and incorporated with the

ganglion. The roots of the ganglion are—(1) an afferent root, derived from the

Ungual nerve
; (2) an efferent root, derived from the chorda tympani ; and (3) a

sympathetic root, from the sympathetic plexus upon the external maxillary artery.

The branches from the ganglion are distributed to the submaxillary gland and
duct (rami submaxillares), and by fibres which become reunited with the trunk of

the lingual nerve, to the sublingual gland.

N. Alveolaris Inferior.—The inferior alveolar nerve (O.T. inferior dental)

is larger than the lingual nerve. It passes from beneath the inferior border of the

external pterygoid muscle to reach the interval between the ramus of the man-
dible and the spheno- mandibular ligament. Entering the mandibular canal

through the mandibular foramen, it traverses the substance of the ramus and body
of the mandible, distributing branches to the teeth in its course. A fine plexus is

formed by the dental branches before they finally supply the teeth.

Branches and Communications.—(1) N. Mylohyoideus.—The mylo-hyoid nerve is

a small branch arising just before the inferior alveolar nerve passes through the

mandibular foramen. Grooving the ramus in its course, it descends into the

submaxillary triangle on the superficial aspect of the mylo-hyoid muscle. Concealed

in this situation by the submaxillary gland and the external maxillary artery, it

is distributed to the mylo-liyoid muscle and the anterior belly of the digastric muscle.

(2) N. Mentalis.—The mental branch of the inferior alveolar nerve is a trunk of con-

siderable size arising from the main nerve in the mandibular canal. It emerges

from the mandible through the mental foramen, and is distributed by many branches

to the chin and lower lip. It communicates, under cover of the facial muscles, with the

ramus marginalia mandibulse of the facial nerve (Fig. 657, p. 783). (3) The incisor
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branch is the terminal part of the iuferior alveolar nerve remaining after the origin

of the mental liranch. It siipjilies the canine tooth and tlie incisor teeth.

Ganglion Oticum.— The otic ganglion is situated deep to the mandibular
nerve just below the foramen ovale. Like the otlier ganglia described above, it

possesses three roots:—(1) A motor root, derived from the nerve to the internal

pterygoid muscle; (2) a. sensory root, formed by the lesser superficial jutrosal nerve
from the tympanic plexus (through which communications are effected with the
tympanic branch of the glossopharyngeal nerve, and a branch irom the genicular
ganglion of the facial nerve)

; (3) a sympathetic root, from the plexus on the
middle meningeal artery (Fig. 656).

Five branches arise from the ganglion—three comnninicating and two motor
branches. The three communicating nerves are fine branches which join respectively

the nerve of the pterygoid canal, the roots of the auriculo-temporal nerve, and the
chorda tympani nerve. The two motor nerves supply the tensor tympani and
tensor veli palatini muscles.

Siunmary.—The triguiuinal, tlie largest and most coniiilex of the cerebral nerves, is (1) the
chief sensory nerve for the face, the anterior half of the scalp, the orbit and eyeball, the nose and
nasal cavity, the lij^s, teeth, mouth, and anterior two-thirds of the tongue ; "(2) the motor fibres

of the nerve supjjly the muscles of mastication, the mylo-hyoid and anterior belly of the digastric,

possibly the levator veli palatini and uvular muscle (through the spheno-palatine ganglion), and
the tensor tymj^ani and tensor veli palatini muscles (through the otic ganglion)

; (3) through the
ganglia placed on the three divisions of the nerve, not only are important organs, areas, and
muscles innervated, but communications are also effected with the sympathetic system, with the
oculo-motor nerve (ciliary ganglion), facial nerve (spheno-palatine and otic ganglia), and glosso-
pharyngeal nerve (otic ganglion).

In its distribution to the skin of the face the branches of the fifth nerve present two striking
peculiarities :—(1) While the branches to the skin reach the surface at many points and in
diverse ways, the three main divisions are severally, by their branches, responsible for the supply
of three clearly demarcated cutaneous areas (Fig. 648, p. 772). (2) By numerous communications
with the facial nerve, sensory fibres are given to tne muscles of expression supplied by the
facial nerve.

Nervus Abducens.

The sixth or abducens nerve issues from the brain at the inferior border of

the pons, just above the pyramid of the medulla oblongata (for the deep origin, see

p. 600). It is directed forwards, it pierces the dura mater in the posterior

fossa of the base of the skull alongside the dorsum selhe, and enters the cavernous
sinus (Fig. 647, p. 771). In the sinus it is placed close to the lateral side of the
internal carotid artery. After it leaves the sinus it passes through the superior
orbital fissure below the oculo-motor and naso-cihary nerves and between the two
heads of the lateral rectus muscle (Fig. 652, p. 776). In the cavity of the orbit it

supplies the lateral rectus muscle on its deep (ocular) surface.

Communications.—In the wall of the cavernous sinus the sixth nerve receives two
communicating filaments :—(1) From the carotid plexus of the sympathetic, and (2) from
the ophthalmic division of the trigeminal nerve.

Nervus Facialis.

The seventh or facial nerve emerges from the brain at the inferior border of
the pons, below the trigeminal nerve and medial to the acoustic nerve (for the deep
origin, see p. 598). Between it and the acoustic nerve is the minute nervus inter-

medius (Fig. 656, p. 782). The facial nerve passes through the internal acoustic
meatus, and through the canalis facialis in the petrous portion of the temporal bone,
emerges at the base of the skull by the stylo-mastoid foramen, and passes forwards
through the parotid gland to supply the muscles of the face. In the internal
acoustic meatus the nerve is placed upon the acoustic nerve, the nervus intermedius
intervening. In the canalis facialis the nerve first passes forwards and laterally

to the hiatus of the canal, then backwards on the medial side of the tympanum,
and finally downwards behind the tympanum, in the medial wall of the tyinpanic
antrum. In the parotid gland it crosses the external carotid artery and the posterior
facial vein superficially. On the face its branches radiate from the anterior border
of the parotid gland and enter the deep surface of the facial muscles.
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Branches and Communications.—(i.) In the internal acoustic meatus the nervus
intermedins, lying between the facial and acoustic nerves, sends communicating
branches to both of them. The branch to the acoustic nerve probably separates

from it again to join the genicular ganglion of the facial nerve.

(ii.) In the canalis facialis the ganglion geniculi is formed at the point where
the facial nerve bends backwards. It is an oval swelling on the nerve, and is

joined by a branch from the upper (vestibular) trunk of the acoustic nerve, by
which it probably receives fibres of the nervus intermedins. From the ganglion

three small nerves arise :—(1) The greater superficial petrosal nerve passes forwards

through the hiatus canalis facialis to the middle fossa of the skull. In the

upper part of the foramen lacerilm it is joined by the deep petrosal nerve

from the sympathetic plexus on the internal carotid artery to form the nerve

of the pterygoid canal, which, after traversing the pterygoid canal, ends in the

spheno -palatine ganglion. (2) A minute nerve {ramus anastomoticus cum plexu

tympanico) pierces the temporal bone and joins the tympanic branch of the glosso-
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The Connexions of the Facial Nerve in the Temporal Bone.

pharyngeal in the substance of the bone. By their union the lesser superficial

petrosal nerve is formed, which pierces the temporal bone and ends in the otic

ganglion. (3) The external superficial petrosal nerve is a minute inconstant branch
which joins the sympathetic plexus on the middle meningeal artery.

In the course of the facial nerve in the lower part of the canalis facialis,

behind the tympanum, three branches arise—(1) N. Stapedius.—The small nerve
to the stapedius muscle, which passes forwards to the tympanum. (2) Chorda
Tsrmpani.—The chorda tympani nerve (probably associated with the nervus inter-
mediusj, which enters the tympanic cavity through the tympanic aperture of the
canaliculus chordce, passes over the membrana tympani and the handle of the
malleus, and leaves the cavity through the medial end of the petro-tymj)anic fissure

to reach the infra -temporal fossa. Medial to the external pterygoid muscle it

becomes incorporated with the lingual branch of the mandibular nerve, and in its

further course is inseparable from that nerve. It supplies a root to the submaxillary
ganglion, and is finally distributed to the side and dorsum of the tongue in its

anterior two-thirds. The chorda tympani nerve receives, under cover of the ex-
ternal pterygoid muscle, a fine communication from the otic ganglion. (3) Before
it leaves the canalis facialis a fine communicating branch arises from the facial

nerve to join the auricular branch of the vagus nerve.

(iii.) In the neck the facial nerve gives off three muscular branches : (1) and (2)
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Ramus Stylohyoideus, Ramus Digastricus.—Small branches supply the stylo-hyoid

and the posterior belly of the digastric, the latter nerve sometinie.s coinniunicating

witli the glossopliaryngeal. (3; N. Auricularis Posterior.—Tlie posterior auricular

nerve bends backwards and upwards over the anterior border of the mastoid pro-

cess along with the posterior auricular artery. It divides into two branches—an

auricular branch for the posterior auricular muscle and the intrinsic muscles of

the auricle, and an occipital branch for the occipital belly of the epicranius muscle.
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The Distribution of the Trigeminal and Facial Nerves on the Face.

f

The posterior auricular nerve^ in its course, communicates with the great auricular,

lesser occipital, and auricular branch of the vagus nerves.

(iv.) In the parotid gland the facial nerve spreads out in an irregular series of

branches (plexus parotideus), indefinitely divided into a temporo-facial and a cervico-

facial division. Communications occur in the substance of the gland between the

main trunks and the great auricular and auriculo-temporal nerves.

The temporo-facial division gives off two series of subordinate branches which

radiate forwards and upwards from the parotid gland.

1. Rami Temporales.—The temporal branches are of large size, and, sweeping

out of the parotid gland over the zygomatic arch, are distributed to the orbicularis

oculi, frontalis, corrugator supercilii, auriculares anterior and superior. The temporal

branches communicate in their course with the auriculo-temporal, zygomatico-

temporal, lacrimal, and supra-orbital branches of the trigeminal nerve.

2. Rami Zygomatic!.—The upper zygomatic branches are small, and sometimes

are inseparable from the temporal or lower zygomatic nerves. Extending forwards
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across the zygomatic bone, they supply the orbicularis oculi and zygomatic muscle,
and communicate with the zygomatico-facial branch of the maxillary nerve.

The lower zygomatic branches are of considerable size. Passing forwards over
the masseter muscle in company with the parotid duct, they supply the orbicularis

oculi, the zygomaticus, buccinator, and the muscles of the nose, and upper lip.

The infra-orbital plexus is formed by the union of these nerves with the infra-orbital

branch of the maxillary nerve below the lower eyelid. Smaller communica-
tions occur with the infra-trochlear and nasal nerves on the side of the nose.

The cervico-facial division of the facial nerve supplies three series of secondary
branches.

1. Rami Buccales.—The buccal branch (or branches) extends forwards to the
angle of the mouth to supply the muscles converging to the mouth, including the
buccinator. It communicates with the buccinator branch of the mandibular nerve
in front of the anterior border of the masseter muscle.

2. Ramus Marginalis Mandibulse.—The marginal branch of the mandible (O.T. supra-

mandibular) passes along the mandible to the interval between the lower lip and
chin, and supplies the triangularis oris, quadratus labii inferioris, and orbicularis

oris. It communicates with the mental branch of the inferior alveolar nerve.

3. Ramus Colli.—The cervical branch (O.T. infra-mandibular) emerges from the
parotid gland near its lower end, and sweeps forwards below the angle of the
mandible to the front of the neck. It supplies the platysma, and forms loops of

communication with the nervus cutaneus coUi.

Nekvus Acusticus.

The eighth or acoustic nerve (O.T. auditory) arises from the brain by two
roots, medial and lateral. The medial, vestibular root emerges between the olive

and the restiform body. The lateral, cochlear root, continuous through the cochlear
nucleus with the strife medullares of the fourth ventricle, winds round the lateral

side of the restiform body (for the deep connexions, see p. 604). The two roots

unite with one another to form the trunk of the nerve, which is attached to the
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Scheme of the Origin and Distribution of the Acoustic Nerve

brain on the lateral side of the facial nerve and nervus intermedins, at the lower

border of the pons (Fig. 643, p. 768).

The nerve passes laterally through the internal acoustic meatus, lying below

the facial nerve and nervus intermedins (Fig. 647, p. 771). In the meatus the

trunk separates into two divisions, an upper consisting of vestibular fibres only

and a lower wliich consists mainly of cochlear fibres but contains also some
vestibuUir fibres. The divisions subdivide, and their branches pass through the

lamina cribrosa, to supply the several parts of the labyrinth.

The superior division in the internal acoustic meatus usually receives fibres
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from the nervus intermedius, and gives off a communicating branch to the

genicular ganglion of the facial nerve. It then separates into three terminal

branches which pierce the lamina cribrosa. (1) N. Utricularis.—The utricular

nerve supplies the macula acustica of the utricle. (2; and f Mj Nn. Ampullaris Superior

et Lateralis.—The superior and lateral ampullary nerves supply the ampullie of the

superior and lateral semicircidar ducts.

The inferior division i^ives otf 1 ; n. saccularis, a saccular nerve to the macula

acustica of the saccule, 2 , n. ampidlaris inferior, an inferior ampullary nerve to the

ampulla of the posterior semicircular duct, and (3) is continued through the lamina

cribrosa to the labyrinth as the cochlear nerve, which is distributed through the

modiolus and osseous spiral lamina to the organ of Corti in the cochlea.

Both the vestibular and cochlear nerves contain among their fibres collections of nerve

cells, forming in each nerve a distinct ganglion—the vestibular ganglion on the vestibular

trunk, and the ganglion spirale or spiral ganglion of the cochlea on the cochlear trunk.

Xkuvu.s Glossopharyngeus.

The ninth or glossopharyngeal nerve (Fig. 643, p. 768) arises from the brain

by five or six tine tila radicularia (radicles) which emerge from the medulla oblongata,

between the posterior and lateral

columns, close to the facial nerve u ^^_, $3=^

above, and in series with the fila
^===i=.-^i?^r^ X-Jii

of the vagus nerve below (for the

deep connexions, see p. 596;. The
fila combine to form a nerve which
passes through the jugular fora-

men, along with the vagus and
accessory nerves, but enveloped in

a separate sheath of dura mater
(Fig. 647, p. 771). Reaching the

neck, the nerve arches downwaids
and forwards to the interval be-

tween the hyoid bone and the

mandible. In its course to the side

of the pharynx it lies at first be-

tween the internal carotid artery

and the internal jugular vein, and
then between the internal and ex-

ternal carotid arteries. It sweeps
round the stylopharyngeus muscle
and the stylo-hyoid ligament, and
disappears medial to the hyoglossus

mu.scle, to reach its termination in

the tongue.

The branches of the nerve may
be classified in three series accord-

ing to their origin— (i.) in the

jugular foramen
;

(ii.) in the neok
;

(iii.) in relation to the tongue.

In the jugular foramen there

are two enlargements upon the
trunk of the nerve—the superior

and ]>etrous ganglia. The superior

ganglion (O.T. jugular) is small,

does not implicate the whole width
of the nerve, and may be fused

with the petrous ganglion, or

even absent altogether. No branches arise from it.

Ganglion Petrosum.—The petrous ganglion is distinct and constant. It is

placed upon the nerve at the lower part of its course through the jugular foramen.

51
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Scheme of the Distribution of the Glosso-
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Branches and Communications of the Petrous Ganglion.—N. Tympanicus.—The
tympanic branch is the most important ojEfset from this ganglion. It passes
through a small canal in the bridge of bone between the jugular foramen
and the carotid canal to reach the cavity of the tympanum, where it breaks up into

branches, to form, along with branches from the carotid plexus of the sympathetic
on the internal carotid artery (nn. caroticotyinpanici superior et inferior, O.T. small
deep petrosal), the plexus tympanicus Jacobsoni (tympanic plexus), for the supply of

the mucous lining of the tympanum, mastoid cells, and auditory tube (Fig. 656,

p. 782). The fibres of the tympanic branch of the glossopharyngeal nerve
become reunited to form, by their union with a small nerve from the genicular
gangUon of the facial nerve (anastomotic with the tympanic plexus), the lesser super-

ficial petrosal nerve in the substance of the temporal bone. This passes forwards
through the temporal bone, and eventually joins the otic ganghon.

Besides forming the tympanic branch, the petrous ganglion of the glossopharyngeal
nerve communicates with three other nerves^(l) with the superior cervical ganglion of

the sympathetic
; (2) with the auricular branch of the vagus ; and (3) sometimes with

the jugular ganglion of the vagus.

In the neck the glossopharyngeal nerve gives off two branches. (1) As it crosses

over the stylopharyngeus muscle it supplies the nerve to that muscle (ramus stylo-

pharyngeus), fibres of which pierce the muscle to reach the mucous membrane of

the pharynx. (2) Rami Pharyngei.—The pharyngeal branches of the nerve' supply
the mucous membrane of the pharynx directly after piercing the superior constrictor

muscle, and indirectly after joining, along with the pharyngeal offsets from the
vagus and the superior cervical ganglion of the sympathetic, in the formation of

the pharyngeal plexus.

The terminal branches of the nerve supply the mucous membrane of the

tongue and adjacent parts. Rami Tonsillares.—A tonsillar branch forms a plexus
to supply the mucous membrane covering the palatine tonsil, the adjacent part of

the soft palate, and the palatine arches. Rami Linguales.—Lingual branches supply
the mucous membrane of the dorsal third and lateral half of the tongue, extending
backwards to the glosso-epiglottic folds and the front of the epiglottis.

Nervus Vagus.

The tenth or vagus nerve (O.T. pneumogastric) arises from the brain by
numerous fila radicularia attached to the floor of the postero-lateral sulcus of the

medulla oblongata, in series with the glossopharyngeal nerve above and the accessory

nerve below it (for the deep connexions, see p. 656). The fila of the nerve unite

to form a single trunk which emerges into the neck through the jugular foramen.

In the jugular foramen the nerve occupies the same sheath of dura mater as the

accessory nerve, it is placed behind the glossopharyngeal nerve, and a small

ganglion—the jugular ganglion—is developed upon it.

In the neck the vagus nerve pursues a vertical course in front of the vertebral

column. It occupies the carotid sheath, lying between and behind the internal and
common carotid arteries and the internal jugular vein. It enters the thorax behind

the large veins : on the right side, after crossing over the subclavian artery ; on the

left side, in the interval between the left common carotid and subclavian arteries.

In the upper part of the neck, immediately below the jugular foramen, a second and
larger ganglion—the ganglion nodosum—is developed on the trunk of the nerve.

In the thorax the nerves occupy the superior and posterior mediastinal spaces,

and their relations are different on the two sides, (a) In the superior mediastinum
the right nerve continues its course alongside the innominate artery and the trachea,

and behind the right innominate vein and superior vena cava, to the posterior

surface of the root of the lung. The left nerve courses downwards between the

left common carotid and subclavian arteries, and behind the left innominate vein

and the x^hrenic nerve. It passes over the aortic arch, and then proceeds to the

posterior surface of the root of the left lung. (&) In the posterior mediastinum the

vagi nerves are concerned in the formation of two great plexuses—the pulmonary
and the oesophageal. Behind the root of each lung the nerve breaks up to form
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The Di.stkibvtion of the Vagus Nerve.
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Recurrent nerve ; Ca3, Cardiac branches from recurrent nerve.s ; Ca4, Thoracic cardiac branch (right
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Cort.Pl, Cceliac plexus.
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the large posterior pulmonary plexus, from the lower end of which two nerves

emerge on each side. These nerves on the right side pass obUquely over the vena
azygos; on the left side they cross the descending thoracic aorta. Both series

reach the oesophagus, and divide into small anastomosing branches which form the

oesophageal plexus. At the oesophageal opening of the diaphragm the two nerves

become separated from the plexus, and entering the abdomen—the left nerve in

front of the oesophagus, the right nerve behind it—they terminate by supplying
the stomach and other abdominal organs.

The communications and branches of the vagus nerve may be described as

(i.) ganghonic, (ii.) cervical, (iii.) thoracic, and (iv.) abdominal (Fig. 660).

G-anglion Jugulare.—The jugular ganglion (O.T. ganglion of the root) is small

and spherical. It occupies the jugular foramen, and gives off two branches

—

meningeal and auricular.

Ramus Meningeus.— The meningeal branch passes backwards to supply the

dura mater of the posterior fossa of the skull.

Ramus Auricularis.— The . auricular branch ascends to the ear in a fissure

between the jugular and stylo-mastoid foramina. It receives near its origin a twig
from the tympanic branch of the glossopharyngeal nerve, and usually communi-
cates with the facial nerve by a branch arising from the latter in the canalis

facialis. The nerve is distributed to the back of the auricle and the external

acoustic meatus, and communicates superficially with the posterior auricular nerve.

Communications.—Besides supplying the meningeal and auricular branches, this

ganglion receives communications from (1) the superior cervical ganglion of the

sympathetic
; (2) the accessory nerve ; and (3) (sometimes) the petrous ganglion of the

glossopharyngeal nerve {ramus anastomoticus cuni nervo glossopharyngeo).

Ganglion Nodosum.—The ganglion nodosum (O.T. ganglion of the trunk),

placed immediately below the preceding, is large and fusiform. Like the jugular

ganglion, it suppKes two branches—the pharyngeal and superior laryngeal nerves.

Rami Pharyngei.— The pharyngeal branch receives its fibres (through the

ganglion) from the accessory nerve. It passes obliquely downwards and medially

to the pharynx between the internal and external carotid arteries, and combines with
the pharyngeal branches from the glossopharyngeal and superior cervical ganglion

of the sympathetic to form the pharyngeal plexus. From this plexus the muscles of

the pharynx and soft palate (except the stylopharyngeus and tensor veli palatini)

are supplied. The lingual branch is a small nerve which separates itself from the

plexus and joins the hypoglossal nerve in the anterior triangle of the neck.

N. Laryngeus Superior.—The superior laryngeal nerve passes obHquely down-
wards and medially, medial to the external and internal carotid arteries, towards

the thyreoid cartilage. It divides in its course into two unequal parts—a larger

internal and a smaller external laryngeal branch.

Ramus Intemus.—The internal laryngeal branch passes medially into the

larynx between the middle and inferior constrictor muscles of the pharynx and
through the thyreo-hyoid membrane. It supplies the mucous membrane of the

larynx, reaching upwards to the epiglottis and base of the tongue, and forms com-
munications beneath the lamina of the thyreoid cartilage with the branches of the

inferior laryngeal nerve {ramus anastomoticus cum nervo laryngeo inferiore).

Ramus Extemus.—The external laryngeal branch passes downwards upon the

inferior constrictor muscle of the pbarynx. It supplies branches to that muscle,

and ends in the crico-thyreoid muscle.

Communications.—Besides supplying these pharyngeal and laryngeal nerves, this

ganglion has the following communications with other nerves: (1) with the superior

cervical ganglion of the sympathetic
; (2) with the hypoglossal

; (3) with the loop

between the first and second cervical nerves ; and (4) with the accessory nerve. This

nerve applies itself to the ganglion, and thereby supplies to the vagus nerve the inhibitory

fibres for the heart, as well as the motor fibres for the pharynx, oesophagus, stomach
and intestines, larynx and respiratory organs.

Branches of the Vagns in the Neck. — In the neck the vagus nerve
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supplies cardiac branches and (on the right side) the recurrent (laryngeal)

nerve (Fii;-. 6GI).

Rami Cardiaci Superiores.— Tlie cardiac branches are superior and inferior.

On the right side both cardiac brandies pass downwards into the thorax Ijehind the

subclavian artery, and proceed alongside the trachea to join the deep cardiac plexus.

On the left side the two nerves separate on reaching the thorax. The superior

nerve passes deeply alongside the trachea to join the deep cardiac plexus. The
inferior nerve accompanies the vagus nerve over the aortic arch, along with the

superior cervical cardiac l)ranch of the sympathetic, to end in the superficial

cardiac plexus.

N. Recurrens.— The right recurrent (laryngeal) nerve arises at the root of

the neck, as the vagus crosses in trout of the tirst part of the subclavian artery.

It hooks round the artery, and passes obliquely upwards and medially behind the

subclavian, the common carotid, and the inferior thyreoid arteries and the thyreoid

gland. It finally disappears beneath the inferior border of the inferior constrictor

muscle, and, receiving the name of inferior laryngeal nerve, it ends in supplying the

muscles of tiie larynx. In its course it gives off the following branches :

—

(1) Cardiac branches (rami cardiaci inferiores) arise as the nerve winds round the

subclavian artery, and course downwards alongside the trachea to end in the deep

cardiac plexus.

(2) Communicating branches to the inferior cervical ganglion of the sympathetic

arise from the nerve behind the subclavian artery.

(3) Muscular branches supply the trachea, cesophagus (rami tracheales et

cesophagei), and the inferior constrictor of the pharynx.

(4) Terminal branches supply the muscles of the larynx (except the crico-thyreoid)

and communicate beneath the lamina of the thyreoid cartilage with branches of

the internal laryngeal nerve.

Branches of the Vagus in the Thorax.—In the thorax the vagi form the

great pulmonary and oesophageal plexuses. The right nerve, in addition, furnishes

cardiac branches ; and the left nerve gives off the recurrent (laryngeal) nerve.

N, Recurrens.— The left recurrent (laryngeal) nerve differs from the nerve
of the right side mainly in its point of origin and in the early part of its course.

It springs from the vagus as it crosses the aortic arch, and, after hooking round the

arch, lateral to the ligamentum arteriosum, it passes upwards in the superior medi-
astinum, in the interval between the trachea and oesophagus, to the neck. In the

neck its course and relations are similar to those of the nerve of the right side.

The branches of the nerve are the same as those of the right nerve. The cardiac

branches are larger, and, arising below the aortic arch, proceed to the deep cardiac

plexus.

Cardiac branches from the right vagus nerve arise in the superior mediastinum,
and pass downwards alongside the trachea to join the deep cardiac plexus. On
the right side thoracic cardiac branches are thus supplied from both the trunk of

the nerve and its recurrent branch ; on the left side the cardiac branches in the

thorax arise solely from the recurrent branch.

Abdominal Branches.— After the formation of the oesophageal plexus the

two vagi nerves resume their cour.se, and passing along with the gullet through
the diaphragm, terminate by supplying the stomach. The right nerve enters

the abdominal cavity behind the gullet, and is distributed to the posterior

surface of the stomach. It sends communicating offsets to the coeliac, splenic, and
renal plexuses. The left nerve applies itself to the anterior surface and small cur-

vature of the stomach, to which it is distributed. It sends communicating offsets

along the small curvature of the stomach to the right vagus, and between the
layers of the gastro-hepatic ligament to the hepatic plexus.

Plexus Thoracales.

Plexus Cardiaci.—The cardiac branches of the vagus nerve (both cervical

and thoracic) combine with the cardiac branches of the sympathetic to form the
superficial and deep cardiac plexuses.

5lh
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The superficial cardiac plexus is placed in the hollow of the aortic arch,

superficial to the pericardium. It contains a small ganglion (cardiac ganglion of

Wrisberg), and is joined by two small nerves—(1) the cardiac branch from the

superior cervical ganglion of the sympathetic, and (2) the inferior cervical cardiac

branch of the vagus—both of the left side—which reach it after passing over the

arch of the aorta.
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—

The Innervation of the Heart.

Branches and Comnnmications.—From the plexus branches of communication

pass (1) to the left half of the deep cardiac plexus, between the aortic arch and the

bifurcation of the pulmonary artery; (2) to the left anterior pulmonary plexus

along the left branch of the pulmonary artery
; (3) the branches of distribution to

the heart extend along the pulmonary artery to join the anterior (right) coronary

plexus, which supphes the substance of the heart in the course of the right

coronary artery.

Plexus Cardiacus Profundus.—The deep cardiac plexus is much larger. It
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is placed behind the arch of the aorta, on the sides of the trachea, just above its

bifurcation. It consists of two lateral parts, joined together by numerous com-
munications ai'ouiid the termination of the trachea. The two portions of the plexus
are ditterent in their constitution and distribution. The right half of the plexus
is joined by both the cervical and thoracic branches of the right vagus and by the
branches of the right recurrent nerve, as well as by branches from the superior,

middle, and inferior cervical ganglia of the sympathetic. The left half of the plexus
is joined by the superior cervical cardiac branch of the left vagus, by branches from
the left recurrent nerve, and by branches from the middle and inferior cervical

ganglia of the left sympathetic ; it also receives a contribution froui the superficial

cardiac plexus.

The deep cardiac plexus is distributed to the heart and lungs. The rujht

half of the plexus for the most part constitutes the anterior coronary plexus,

reaching the heart alongside the ascending aorta, and is distributed to the heart
substance in the course of the right coronary artery. It is reinforced by fibres

from the superficial cardiac plexus, which reach the heart along the pulmonary
artery. Fibres from the right half of the deep cardiac plexus pass also to join

the posterior coronary plexus, and others extend laterally to join the anterior

pulmonary plexus of the right side.

The left Iialf oi the deep cardiac plexus, reinforced by fibres from the superficial

cardiac plexus, is distributed to the heart in the form of the posterior coronary
plexus, which is joined by a few fibres behind the pulmonary artery from the right
half of the plexus, and supplies the heart substance in the course of the left coronary
artery. The left half of the plexus contributes also to the left anterior pulmonary
plexus by fibres which extend laterally to the root of the lung along the left

branch of the pulmonary artery.

Plexus Piilmonales (Piilmonary Plexuses).—As already stated, the vagus
nerve on each side, on reaching the back of the root of the lung, breaks up
into numerous plexiform branches for the formation of the posterior pulmonary
plexus. From each nerve a few fibres pass to the front of the root of the lung,
above its upper border, to form the much smaller anterior pulmonary plexus.

Plexus Pulmonalis Anterior.—The anterior, pulmonary plexus on each side

is joined by a few fibres from the corresponding part of the deep cardiac plexus,
and on the left side from the superficial cardiac plexus as well. It surrounds and
supplies the constituents of the root of the lung anteriorly.

Plexus Pulmonalis Posterior. — The posterior pulmonary plexus, placed
behind the root of the lung, is formed by the greater part of tlie vagus nerve,
reinforced by fine branches from the second, third, and fourth thoracic ganglia of

the sympathetic. Numerous branches proceed from it in a plexiform manner along
the bronchi and vessels into the substance of the lung.

Plexus OEsophageus Anterior et Posterior (CEsophageal Plexus).— The
oesophagus in the thorax is supplied by the vagus nerve both in the superior and
posterior mediastina. In the superior mediastinum it receives branches from the
vagus nerve on the right side, and from its recurrent brancli on the left side.

In the posterior mediastinum the gullet is surrounded by the oesophageal plexus,
formed from the trunks of the vagi nerves emerging from the posterior pulmonary
plexuses, which form a large plexus surrounding the gullet. This part of the
oesophagus also receives fibres from the greater splanchnic nerve and ganglion.
From the oesophageal plexus branches supply the muscular wall and mucous
membrane of the cesophagus.

Pericardiac branches are also supplied from the plexus to the posterior surface
of the pericardium.

Nervus Accessorius.

The eleventh or accessory nerve (O.T. spinal accessory) consists of two
essentially separate parts, different both in origin and in distribution. One
portion is accessory to the vagus nerve, and arises, in series with the fila of that
nerve, from the side of the medulla oblongata. The other, spinal portion, arises from
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Fig. 662.—The Distribution of the Pneumoqastric Neuve.

Va Right and left vagi ; r, Ganglion jugulare and connexions with Sy, Sympathetic superior cervical

'

ganglion; G.Ph, Glossopharyngeal ; Ace, Accessory nerve; F, Meningeal branch; Aur, Auricular

branch ; Va, Connexion with ganglion nodosum of vagus ; Sy, Nerve to stylohyoid
;
Hy, Nerve to

hyoglo88Us; CI, C2, Loop between the first two cervical nerves; Sy, Sympathetic, superior cervical

ganglion ; Ace, Accessory nerve ; Ph. Pharyngeal branch ; Ph.Pl, Pharyngeal plexus
;
S.L Superior

laryngeal nerve ; I.L, Internal laryngeal branch ; E.L, External laryngeal branch
;

I.C, Internal, and

E.C, Kxtemal carotid arteries ; Cal, Superior cervical cardiac branch ;
Ca2, Inferior cervical cardiac

branch; R.L, Recurrent nerve; Ca3. Cardiac branches from recurrent nerves; Oa4, Thoracic cardiac

branch (right vagus) ; A.P.P, Anterior, and P.P.P, Posterior pulmonary plexuses
;
Oes.Pl, (Esophageal

plexus ; Cort. PI, Coeliac plexus.
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the lateral aspect of the spinal medulla, between the anterior and posterior roots
of the spinal nerves, its origin extending from the level of the accessory portion
as low as the origin of the sixth cervical nerve (for the deep origin, see p. 596).
Successively joining together, the fila radicularia (rootlets) form a trunk which
ascends in the subdural, space of the spinal medulla, posterior to the ligamentum
denticulatum, to the foramen magnum. There the two portions unite into a single
trunk, wliich leaves the cranial cavity through the jugular foramen in the same
Compartment of dura mater as the vagus nerve

(Fig. 047, p. 771).

Ramus Internus.— In the jugular foramen
the accessory portion of the nerve or internal

ramus (after furnishing a small l)ranch to the

jugular ganglion of the vagus) applies itself to

the ganglion nodosum, and in part joins the

ganglion, in part the trunk of the nerve beyond
the ganglion. By means of these connexions
the vagus receives viscero- motor and cardio-

inhibitory fibres.

Ramus Externus.—The spinal portion of the

nerve, or external ramus, extends into the neck,

where at first it lies along with other nerves, in

the interval between the internal carotid artery

and the internal jugular vein. Passing obliquely

downwards and laterally over the vein, it de-

scends close beneath the steruo-mastoid muscle,

which it supplies as it pierces it on its deep
surface. After crossing the posterior triangle

the nerve ends by supplying the trapezius muscle
on its deep surface. This portion of the nerve
communicates in three situations with nerves

from the cervical plexus—(1) in or beneath the

sterno- mastoid, with the branch for the muscle
derived from the second cervical nerve

; (2) in

the posterior triangle, with branches from the

third and fourth cervical nerves
; (3) beneath

the trapezius, with the branches for the muscle
derived from the third and fourth cerWcal nerves.

Fio. 663.

—

Scheme of the Origin, Con-
nexions, AND Distribution of the
Accessory Nerve.

Xekvus Hypoglossus.

Sp. Ace, Acces.sory uerve ; C.1-4, First four

cervical nerves (posterior roots) ; Va,
Vagus nerve ; R, Ganglion jugulare ; T,

Ganglion nodosum ; G.Ph, Glossopliaryn-

geal nerve ; S.M, Nerves to sterno-

clei<lo-miXstoi(l ; Tr, Nerves to trapezius
;

F.M, Foramen magnum; J.F, Jugular
foramen.The twelfth or hypoglossal nerve arises by

numerous fila radicularia from the front of the

medulla oblongata between the pyramid and the olive (Fig. 643, p. 768) (for the

deep origin, see p. 594). The fila arrange themselves in two bundles which
separately pierce the dura mater, and unite in the liypoglossal canal, or after

emerging from the skull. In the neck the nerve arches downwards and forwards

towards the hyoid bone, and then turns medially among the supra-hyoid muscles

to the tongue. At first it is placed deeply, along with other cerebral nerves,

on the lateral side of the internal carotid artery ; it then curves forwards and
downwards over the two carotid arteries, lying medial to the digastric and stylo-hyoid

muscles. As it crosses the external carotid artery it hooks round the occipital artery.

Above the greater cornu of the hyoid bone the nerve conceals the Lingual artery :

and it then disappears between the mylo-hyoid and hyoglossus muscles to reach

the tongue, in the muscular substance of which it terminates.

Communications.— In its course the liypoglossal uerve has the following communica-
tions with other nerves :—Xear the base of the skull it is connected b}' small branches
with (1) the superior cervical ganglion of the sympathetic

; (2) the ganglion nodosum
of the vagus

; (3) by a larger branch, with the loop between the first two cervical

nerves
; (4) as it crosses the external carotid artery it receives a communication from the
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pharyngeal plexus [lingual lyranch of the vagus) ; and (5) medial to the mylo-hyoid muscle,

at the anterior border of the hyoglossus, it forms loops of communication with the lingual

branch of the mandibular nerve.

The branches of the nerve are:—(1) Recurrent; (2) Descending; (3) Thyreo-

hyoid ; and (4) Lingual.

Ramus Recurrens.—The recurrent branch passes from the nerve near its origin to

supply the dura mater of the posterior fossa of the base of the skull. It probably

derives its fibres from the communication with the first and second cervical nerves.

OESCENOINC CERVICAL

Fig. 664.—The Muscles of tuk Hyoid Bone and Styloid Process, and the

Extrinsic Muscles of the Tongue, with their Nerves.

Ramus Descendens.—The descending branch of the hypoglossal nerve is the

chief branch given off in the neck. It arises from the hypoglossal nerve as it

crosses the internal carotid artery, and descends in the anterior triangle superficial

to the carotid sheath. It is joined about the middle of the neck by the descending

cervical nerve ffrom the second and third cervical nerves). By their union the

ansa hypoglossi (hypoglossal loop) is formed, from which branches are distributed to

the majority of the infra-hyoid muscles—both bellies of the omo-hyoid, the sterno-

hyoid, and the sterno- thyreoid. The descending branch of the hypoglossal nerve

derives its fibres from the communication to the hypoglossal nerve from the loop

between the first and second cervical nerves ; so that the ansa hypoglossi is made

up of fibres of the first three cervical nerves.
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Ramus Thyreohyoideus.—The nerve to the thjrreo-hyoid muscle is a small

branch which arises from the hypoglossal nerve before it passes medial to the mylo-

hyoid muscle. It descends behind the greater cornu of the hyoid bone to reach

the muscle. When traced backwards this nerve is found associated with the loop

between the first and second cervical nerves.

Rami Linguales.—The lingual branches of the hypoglossal nerve are distributed

to the hyoglossus, genio-hyoid, and genioglossus, and to all the intrinsic muscles

of the tongue. The nerve to the genio-hyoid is said to be derived from the loop

between the first and second cervical nerves. It is not known if these two cervical

nerves are implicated in the innervation of the proper muscles of the tongue, but

it appears certain that the muscles named—the genio-hyoid, thyreo-hyoid, sterno-

hyoid, omo-hyoid, and sterno-thyreoid—are not supplied by the hypoglossal, but

only by cervical nerves, the genio-hyoid and thyreo-hyoid by the first two, the

other muscles by the first three cervical nerves.

THE MORPHOLOGV OF THE CEREBRAL NERVES.

Tlie head and face, possibly the oldest, and from every point of view the most fundamental
and imiwrtant portion of the Ixxiy fabric, present in some respects a more consei"vative type of

LATERAL AREA

MEDIAL AREA

ni.iV.VLXIL

Fig. 665.

—

Comparison of Origins of Nerve Roots from Spinal Medulla and Hind-Brain (after His).

A. Spinal medulla ; B. Hind-brain.

k

structure, and in other aspects have been subject to more profound alterations than other parts

of the body. Segmentation is characteristic of the trunk, pervading bones, muscles, vessels, and
nerves. An absence of true segmentation is characteristic of the head region—omitting for the

moment the cerebral nerves. The head is characterised by the possession of an unsegmented
tubular nervous system, enclosed in a bony capsule not obviously segmental, with which the

capsules of the sense-organs become united. The pre-oral and post-oral visceral arches and clefta

are not truly segmental like the costal arches of the trunk. The branchial clefts are said to be

inter-segmental ; and their muscles (associated with the myoblast surroimding the developing

heart) are described as visceral, and not myotomic, so that the branchial vessels and nerves

(similarly) are not to be regarded as comparable to the segmental vessels and nerves of the trimk.

The truly segmental structures present are certain persistent myotomes or muscle plates, which
give rise to muscles innervated by the third, fourth, sixth, and twelfth cerebral nerves.

Another diflSculty in the morpliologj' of the head arises from the absence of body cavity, and
the consequent diflBcidty of differentiating the somatic and splanchnic mesoderm, and the somatic

and splanchnic distribution of a given nerve.

Under these circumstances there is little help to be derived from head structures other than
the nerves themselves in seeking a solution of the question of the morphological relations of the

cerebral nerves. The spinal nerves are, generally speaking, all alike. The cerebral nerves, on
the other hand, are all aifferent. Scarcely any two nerves are alike ; and no single cerebral nerve
possesses in it-self all the characteristic features of a spinal nerve. As seen in the account of its

aevelopment (p. 504), the cranial nervous system possesses a series of dorsal ganglia, comparable
in position and development to the spinal ganglia with which afferent nerves are associated

;

and the efferent roots are developed in the same way, and occupy somewhat the same position
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as the anterior roots of the spinal nerves. But there is no single complete segmental nerve in

tlie head. The very essence of the architecture of the head is a want of segmentation ; and this

character is sliared by the cerebral nerves. In addition it must be borne in mind that, in relation

to the mammalian head, tliere are organs which have no homologues in the trunk, and on
whose existence the essential arrangement of the cerebral nerves depends

—

e.g. sense-organs and
gill-arches.

Among the cerebral nerves there are several which possess a resemblance to one or other of
the elements of a typical spinal nerve. In the neck the origin of the fibres of the accessory

nerve is from the sitle of the sjjinal medulla, and it is in series with the motor roots of the vago-
glossopharj-ngeal, facial, and fifth nerves. His (as shown in the account of the develop-
ment of the nerves) has described the neuroblastic origin of the motor roots of these nerves
from the lateral part of the basal lamina of the primitive brain. They thus form a series

apart—lateral motor roots—separable from the series of motor roots originating from the medial
part of the basal lamina, comprising those of the third, fourth, sixth, and twelfth nerves ; the
latter nerve roots being comparable to and in series with the anterior roots of the spinal nerves.

The lateral motor roots are not represented in the spinal series except in the neck. It is

questionable if there is any fundamental distinction between the lateral and anterior motor roots

of the cerebral nerves. The accessory fibres, for example, when traced into the spinal medulla,
have an origin from the anterior column of the spinal medulla, and only diff'er from the motor or
anterior root fibres of a spinal nerve in their different course to the surface. The ganglia in associa-

tion with the cerebral nerves are comparable to the spinal ganglia. The trigeminal nerve, with
the semilunar ganglion, the ganglion of the facial, the ganglia of the acoustic, of the glosso-

pharjTigeal and the vagus, and the transitory (Froriep's) ganglion of the hypoglossal nerves, arise

from the brain in a comparable position, and in the same way as the spinal ganglia. But another
series of structures—the sense organs of the lateral line, and the so-called " epibranchial " organs
Avhich are highly developed in lower vertebrates (e.g. elasmobranchs), and which appear transitorily

only, or are absent altogether in mammalian development, may possibly have a share in the
formation of certain of these ganglia or parts of them (e.g. ciliary ganglion, genicular ganglion,

ganglia of the acoustic nerve, petrous ganglion of the glossopharyngeal, and the ganglion
nodosum of the vagus).

Certain of the cerebral nerves are ajjparently distinctly segmental, supplying muscles derived
from the persisting myotomes of the head. The first three myotomes are said to give rise to the
muscles of the eyeball. The first produces the superior rectus, inferior rectus, medial rectus,

and inferior olslique muscles, and its segmental nerve is the oculo-motor. The second myotome
is said to produce the superior oblique muscle, and its segmental nerve is the trochlear. The
third myotome is said to produce the lateral rectus muscle, and its segmental nerve is the
abducent. It has been asserted that the tongue muscles are derived from the last three or four

cephalic and first cervical myotomes, and that the hypoglossal nerve is the segmental nerve for

these myotomes, comprising the motor elements of several (four or five) segmental nerves. The
intervening myotomes between the first three and this occipital series disappearing, the corre-

sponding elements of segmental nerves are supposed to be absent also (Fig. 666).

Certain of the cerebral nerves are essentially related to the structures derived from and asso-

ciated witli the pre-oral and post-oral visceral clefts and arches (Fig. 667). The trigeminal nerve
is essentially the nerve of the mandibular arch. By its efferent root it sujjplies the muscles of

that arch. By its afferent root and branches it is related to (1) the fronto-nasal process (oph-
thalmic division and ciliary ganglion)

; (2) the maxillary arch (maxillary nerve) ; and (3) the
mandibular arch (mandibular nerve). The mandibular is at first the main nerve ; and the
maxillary division is sometimes regarded as a subordinate branch (iDrse-branchial, prae-trematic)

for the supply of the anterior margin of the cleft (mouth), with whicli the nerve is in relation.

The ophthalmic nerve is sometimes regarded as a morphologically separate nerve. The nerves
to these arches have been compared to the anterior rami of spinal nerves, the branches which
they supply to the forehead and temple (frontal, zygomatic, and auriculo-temporal) rej^resenting

the posterior rami. The ganglia on each division of the nerve are formed as extensions from
the semilunar ganglion.

The facial nerve is essentially the nerve of the second (hyoid) arch and the cleft in front of

that arch (spiracular cleft, auditory tube). Its motor root supplies the muscles of that arch
(stapedius, stylo-hyoid, and digastric), and the epicranial and facial muscles and platysma,
which are developments from the hyoid arch (Rabl). The chorda tympani nerve is regarded
as the subordinate (prse-branchial, prae-trematic) branch to supply the anterior margin of the
first post-oral cleft. It is possible that the genicular ganglion, with the nervus intermedins
and the chorda tympani, may, in part at least, represent the ganglionic and afferent element of

the nerve. Or the genicular ganglion, and the nerves in relation to it, may be associated with
an "epibranchial" sense-organ.

The acoustic nerve, on the other hand, may be either the sensory element of the branchial
nerve, associated with the hyoid arch and first post-oral cleft, or it may represent the nerve or nerves
Vjelonging to ancestral sense-organs of the lateral line.

The glossopharyngeal is the branchial nerve of the third post-oral (thyreo-hyoid) arch and
the cleft in front. Its efferent fibres supply the muscle of this arch,—tlie stylopharyngeus.
The superior constrictor of the pharynx is also assigned to this arch ; the middle and inferior

muscles to the fourth (first branchial) arch. The afferent portion of the nerve is possibly

composed of two separate parts ; the petrous ganglion being associated with an epibranchial
or lateral line sense-organ, and the rest of the nerve forming the afferent fibres for the gill-cleft
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and arch. The lingual branches are regarded as the main stem (post-trematic), the pharyngeal
branches as subonlinate branches ; the tympanic branch being.th&prae-branchial or prae-trematic

branch for the anterior margin of the thirtl gill-cleft.

The vagfns nerve is generally reganled as representing the fusion of aU the liranchial nerves

behind the glossopliaryngeal. Its efferent fibres are in series with those of the glossopharyngeal

above and the acci-s-sory m-rve below, and belong to the lateral series of His. Ita afferent fibres,

like tliose of the glossopliaryngeal, represent two elements. The ganglion nodosum has possible

connexions with epibranoliial sense-organs—the rest of the nerve repnjsenting the fused branchial

nerves of fislie.s. Tlie superior laryngeal nerve is looked upon as the branchial nerve of the
fourth, and the recurrent nerve as the brancliial nerve of the fifth arch. While the relation

of the nerve to tlie hinder gill-arches and clefts makes it possible to understand the innervation

by the vagus of the heart and lungs, no satisfactory explanation is forthcoming of the passage

of the nerve into the abdomen, and its distribution to the stomach and other organs below the
diaphragm.

Fig. 666.

—

Scheme to illustrate the Disposition of the Myotomes in the Embryo in relation

TO the Head, Trunk, and Limbs.

A, B, C, First three cephalic myotomes ; N, 1, 2, 3, 4, Last persisting cephalic myotomes ; C, T, L, S,

Co, The myotomes of the cervical, thoracic, lumbar, sacral, and caudal regions ; I., II., III., IV., V.,

VI., yil.. VlII., IX., X., XL, XII., refer to the cerebral nerves, and the structures with which they

may be enibryologically associated.

The accessory nerve consists of two parts. The internal ramus {accessory portion) of the nerve

consists of efferent fibres for the branchial region, in series with the lateral motor roots of the

glossopharyngeal and vagus nerves. The external ramus (spinal portion) of the nerve is also

composed of efferent fibres, and represents the only lateral motor elements arising from the

spinal medulla.

Olfactory Nerve.—There is complete uncertainty regarding the morphology of this nerve.

It consists of tliree elements : (1) the olfactory bulb, derived from the cerebral hemisphere,

solid in man, but a hoUow cerebral diverticulum in certain animals, and forming the

rhinencephalon
; (2) the olfactory ganglion, with its central and peripheral processes, derived

from the ectoderm ; (3) the nasal pit. Attention has been speciaUy fixed on the olfactory

ganglion, which has been compared to (1) a spinal ganglion, derived from the anterior end of the

medullary groove ; and to (2) a lateral line sense-organ.

The optic nerve also presents an insoluble problem in regard to its morphological position
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in the series of cerebral nerves. The optic stalk and optic cup have been regarded as a highly-

modified spinal ganglion; but there is insuperable difficulty in accepting this view. The
peripheral processes do not become connected with either ectodermal or mesodermal structures,

but become the tissue of the retina ; while the central processes, growing backwards, envelop

the optic stalk, and obtain connexions with the brain. The retina must be regarded as a highly

modified nerve-layer, morphologically in series with the wall of the fore-brain ; and the ectodermal

structure of superficial origin comparable to the olfactory ganglion or the auditory vesicle is the

lens (which may possibly be homologous with a lateral line sense-organ). The optic nerve, optic

chiasma, and optic tract are then to be looked upon as cerebral commissures, and not as nerves

in the ordinary sense.

The simplest and most primitive condition of the head, in relation to the morphology

of the cerebral nerves, is found before the formation of the gill-clefts, when the salient features are
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—

The Embryological Arrangement of the Cerebral Nerves. (Modified from Mall.)

a tubular and simple brain, and a series of superficial invaginations which pass from the surface

inwards to become connected with outgrowths corresponding to them from the primitive

brain. On each side of the head three hollow invaginations occur:—(1) The nasal pit bearing

the olfactory epithelium becomes connected by the olfactory ganglion with the rhinencephalon, an
outgrowth from the fore-brain, and so forms the basis of an olfactory organ and nerve

; (2) a similar

invagination produces the lens, connected with a protrusion of the optic vesicle from the fore-

brain, by which the basis of the eye and the optic nerve is formed
; (3) behind the oral cavity

a third invagination forms the auditory vesicle, which is connected with the solid extension

from the hind-brain of the acoustic ganglia, to form the essentials of the organ of hearing

and acoustic nerve.

The trigeminal nerve is essentially the nerve of the buccal cavity and the subordinate

cavities, nasal and oral, derived from it. The branchial arches and clefts are secondary structures,

and their nerves are—(1) the trigeminal, for the first (mandibular) arch and the cleft in front

of it
; (2) the facial, for the second (liyoid) arch and cleft

; (3) the glossopharyngeal, for the third

(thyreo-hyoid) arch and cleft ; and (4) the vagus, for the succeeding arches and clefts. The
cerebral part of the accessory nerve is inseparable from the motor portion of the vago-glosso-

pharyngeal nerves ; the spinal part is beyond the series of the cerebral nerves.

Lastly, there are certain truly segmental nerve elements, motor fibres which, remaining
associated with certain persistent cephalic myotomes, give rise to the oculo-motor, trochlear,

abducent, and hypoglossal nerves.

Note.—Since 1913 an additional pair of cerebral nerves, the nervi terminales, has been
known in man. The nerves were discovered in 1894 in protopterus, and since then they have
been demonstrated in all groups of vertebrates. In man each nervus terminalis is a very
small ganglionatefl nen^e which is attached to the inferior surface of the frontal portion of the

brain in the region of the olfactory trigone. In the intracranial part of its course it lies medial
to the olfactory tract and bulb and its i)eripheral filaments accompany the filaments of the

olfactory nerve. The functions of the nervi terminales, the course of their fibres, and their

associations in the substance of the brain arc not known.
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ORGANA SENSUUM.

The organs of the senses are derived from cells of the ectoderm and constitute the

apparatus by which man is made acquainted with his surroundings.

Every sense organ consists of three parts :—(a) a peripheral or receptive portion,

capable of responding to external stimuli, (6) an intermediate or conductive part,

along wliich the impulses are conveyed, and (c) a central or perceptive portion, where
the impulses are collected and transformed into sensations. The intermediate and
central parts have been described in the section on the Nervous System ; the

peripheral parts form the subject matter of this chapter, and may be grouped under
two headings :

—

{a) those connected with the siHcial senses of smell, sight, hearing,

and taste, and located in the nose, eye, ear, and mouth, respectively ; and (6)

those of general sensations (pressure, heat, cold, pain, etc.), which are widely dis-

tributed throughout the body.

ORGANON OLFACTUS.

The nose is the peripheral olfactory organ and consists of the nasus externus,

which projects from the face, and the cavum nasi, which is divided by a vertical

septum into right and left cavities.

Nasus Externus.—The external nose forms a more or less triangular pyramid,

of which the upper angle is termed the root, and is usually separated from the fore-

head by a depression, while its base, directed downwards, is perforated by the nares

or nostrils. Its free angle is named the apex ; and the anterior border, joining

root and apex, is termed the dorsum ; the upper part of the dorsum is supported by
the nasal bones, and is named the bridge. Each side of the nose forms an open
angle (yiaso-facial angle) with the cheek, and ends below in a mobile expanded
portion, the ala nasi, which forms the lateral boundary of the naris, and is limited

above by a furrow, the alar sulcus. The skin of the nose is thin and movable
over the root, but thick and adherent over the apex and alse, where it contains

numerous large sebaceous glands.

The arterial supply of the external nose is derived from the external maxillary and ophthalmic
arteries, and its veins open into the anterior facial vein and communicate with the ophthalmic
vein. Its principal lymph vessels follow the course of the anterior facial vein and open into the
submaxillary lymph glands. From the root of the nose one or two vessels run laterally in the
upper eyelid and end in the upper anterior auricular lymph glands, while a third group runs
below the orbit to the lower anterior auricular lymph glands. Its muscles are supplied by the
facial nerve, and the skin covering it is supplied by the mfra-trochlear and naso-ciliary branches
of the oijhthalmic nerve and the infra-orbital branch of the maxiUary nerv'e.

The external nose presents great variety as to its size and shape, and certain weU-defined
types, such as aquiline, Grecian, etc., are described. The relation which its breadth, measured
across the alae, beai-s to its length, measured from root to apex, is termed the nasal index, and is

expressed thus :

greatest breadth x 100

greatest length.

799
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In white races tliis index is below 70 (leptorliines) ; in yellow races, between 70 and 85

mesorliines) ; and in black races, above 85 (platyrhines).

CAETILAaiNES NASI.

Five chief cartilages are concerned in the formation of the nose ; they are the

lateral and greater alar cartilages, on each side, and the cartilage of the septum.

Cartilago Nasi Lateralis.—The lateral cartilage (Figs. 669, 670) is triangular in

shape and is situated immediately below the nasal bone. Its posterior edge is thin

and is attached to the maxilla and the nasal bone ; its anterior edge is thick, and
its superior part is directly continuous with the cartilage of the septum ; its inferior

margin is joined, by fibrous tissue, to the upper edge of the greater alar cartilage.

Cartilago Alaris Major.—The greater alar cartilage (Figs. 668, 669, 670)
encircles the anterior part of the nostril and assists in keeping it open. It consists

Frontal air-sinus

Nasal bone

Perpendicular Jamina of
ethmoid

Cartilage of septum

Medial crus
of left greater
alar cartilage

'Palatine bone

Fig. 668.

—

View of Nasal Septum from the Left Side.

of a lateral and a medial crus, which are continuous with each other in a rounded

angle at the apex of the nose. The lateral crus is oval in shape and is attached

to the lateral cartilage and the maxilla by fibrous tissue. Above and behind it are

two or three les'ier alar cartilages, while sometimes a horizontal furrow cuts off a

narrow linear part from its superior margin. The inferior edge of the lateral crus

does not descend as far as the opening of the nostril, the ala being there devoid of

cartilage and composed of fatty and connective tissue covered with skin. The medial

crus (Fig. 668) bounds the medial wall of the nostril and lies in the septum mobile,

below the anterior part of the cartilage of the septum. The medial crura of the

two cartilages are separated, in front, by a notch which corresponds with the apex

of the nose, and the posterior end of each curves slightly lateralwards and ends in

a rounded extremity.

Cartilago Septi Nasi.—The cartilage of the septum (Fig. 668) is of an

irregularly quadrilateral form. Its postero-superior edge is attached to the perpendi-

cular lamina of the ethmoid; its postero-inferior margin to the vomer and the maxillae.

Its antero-superior border is thick, and is fixed above to the back of the internasal
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suture ; immediately below the level

of the nasal bones it is continued, on

each side, into the lateral cartilages,

which may be looked upon as its

wing-like expansions. Tlie iulerior

part of this border is separated by

a tissure from tlic lateral cartilage,

and extends downwards between the

greater alar cartilages, to which it is

attached by fibrous tissue ; in this

fibrous tissue a small accessory car-

tilage is usually seen on either side

of the median plane. Its antero-

inferior border is short, and is at-

tached by fibrous tissue to the medial

crura of the greater alar cartilages,

while its anterior angle is rounded

and does not reach as far as the

apex of the nose. The lowest part

of the nasal septum is not formed

by the septal cartilage, but by the

medial crura of the greater alar

cartilages and by the integument,

and, being freely movable, is termed
the septum mobile nasi. The cartilage

of the septum may be prolonged

backwards (especially in children)

as a narrow process, the processus

sphenoidalis, into the angle between
the vomer and ethmoid ; this process

varies from 4 to 6 mm. in width, and sometimes reaches as far as the body of the

sphenoid.

On either side of the inferior

edge of the cartilage of the septum,

and seen best in a frontal section

of the nose, is a narrow band of

cartilage, the vomero-nasal cartil-

age ; it measures from 6 to 12 mm.
in length, and is attached to the

vomer.

Fui. 669.

—

Prokilk View of the Bony and Carti-

laginous Skeleton ok the Exteknai, Nose.

- Nasal bone

Frontal process
of maxilla

Lateral cartilage

Fio. 670.

—

Front View ok the Bony and Cartilaoinous
Skeleton of the External Nose.

CAVUM NASI.

The nasal cavity (Fig. 672) is

divided by the nasal septum into

a right and a left nasal cavity,

which extend from the nostrils in

front to the choante behind, and
open, through the choanw, into the

nasal part of the pharnyx. Their

bony boundaries are described in

the section on Osteology (p. 183).

On the lateral wall of each are

found the orifices of the frontal,

ethmoidal, sphenoidal, and maxil-

lary sinuses, together with that of

the naso-lacrimal duct.

Immediately above the aper-

ture of the nostril is a sHghtly
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Lower edge of
' cartilage of
septum

Fatty tissue of
ala nasi

Fig. 671.

—

Cartilages of Xose from below.

expanded area, the vestibule ; this is bounded laterally by the lateral crus of the

greater alar cartilage, and medially by the lower part of the septum; it is prolonged

as a small recess towards the apex of the nose. The vestibule is partly subdivided

by a curved ridge. It is lined with skin and,

in its lower half, there are hairs and sebace-
crus aterae

I
ofgreater

Q^ggia^Q(jg. the hairs are curvcd downwards
" Cms mediEls /**'" o '

) cartilage ^q guard the entrance to the nostril. The
superior part of the vestibule is smooth,

and is limited above and posteriorly by a

shghtly marked arched prominence, the

limen nasi, beyond which the nasal cavity

is lined with mucous membrane.
Each nasal cavity, above and behind

the vestibule, is divided into a superior or

olfactory, and an inferior or respiratory

region. The olfactory region is a narrow

elit-like space ; it comprises the middle of the superior nasal concha and the

corresponding portion of the septum. The respiratory region includes the remaining

part of the c&xitj.

Septum Nasi (Fig- 668).—Where the bony septum of the nose is deficient, below

and in front, the gap is filled by the septal cartilage. Until the seventh year the

nasal septum lies, as a rule, in the median plane, but after this age it is very often

bent to one or other side—more frequently to the right—the deflection being greatest

usually along the line of junction of the vomer with the perpendicular lamina of

the ethmoid. De-
flection of the

septum is more
common in Euro-

pean than in non-

European skulls

— occurring in

about 53 per cent

of the former and
in about 28 per

cent of the latter

(Zuckerkandl).
Associated with,

or apart from, this

deviation, crests

or spurs of bone

are found, project-

ing from the sep-

tum into one or

other na.sal cavity,

in about 20 per

cent of skulls. In

the septum, a little

above and in front

of the naso-pala-

tine recess, is a

minute orifice, not

always recognisable, from which a blind pouch extends upwards and backwards for

a distance of from 2 to 9 mm. This is the vomero-nasal organ of Jacobson, and is

supported by the vomero-nasal cartilage. In man this organ is rudimentary, but

in many of the lower animals it is well developed (Fig. 673), and probably plays

a part in the sense of smell, since it is lined with epithelium similar to that

covering the olfactory region, and is supplied by branches of the olfactory nerve.

LateralWall (Fig. 674).—In the lateral wall of the nasal cavity,above the superior

nasal concha, is a narrow recess, the recessus sphenoethmoidalis, into the posterior

Inferior

concha'

Fig. 672. -Frontal Section through Nasal Cavities ; Anterior Half of
Section viewed from behind.
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part of which the sphenoidal air-siuus opena. Tlie superior meatus of the nose is a

short oblique fissure, directed downwards and backwards, undercover of the superior

nasal concha ; into it the posterior ethmoidal cells open V>y one or more orifices.

A small meatus, bounded superiorly by a

concha* suprema, frequently exists above

the superior meatus. The narrow slit-like

interval between the nasal septum and the

medial surface of the middle nasal concha

is named the olfactory cleft or sulcus.

The middle meatus, situated below and
lateral to the middle nasal concha, is a

roomy passage, and is continued forwards

into a slightly depressed area, termed the

atrium meatus nasi, which lies immediately
above the vestibule. The atrium is limited

superiorly and anteriorly by a low ridge,

the agger nasi, the representative of the

nnso-turhinal found in many animals. When
the middle nasal concha has been removed
the lateral wall of the meatus is exposed

cleft, the hiatus semilunaris, bounded above by a rounded elevation, the bulla

ethmoidalis, and below by the sharp edge of the processus uncinatus of the

Vomcro-iiiisal

Fio. 673.

—

Section through Nose ok a Kittkn,

showing position of the vomero-na.sal organs.

On it is seen a narrow semilunar

Frontal air-sinus

Bristle passed
from it into the
middle meatus

opening of middle ethmoidal cells

Openings of posterior ethmoidal cells

Recessus sphenoethmoidalis

sphenoidal air-sinus

or nasal concha

Bristle in opening of na.so-lacrinial duct

Fig. 674.

—

View ok the Latkual Wall ok the Nose—the Nasal G'oxch^ having been removed.

1. Vestibule.

2. Opening of maxillary sinus.

3. Hiatus semilunaris.

4. Bulla ethmoidalis. 7. Cut edge of superior nasal concha.

5. Agger nasi. 8. Cut e<lge of middle nasal concha.

6. Opening of anterior ethmoidal cells. i». Pharyngeal orifice of auditory tube.

ethmoid. The size of the bulla varies with that of the middle ethmoidal cells,

which are contained within it and which open on or near its upper surface.

Through the hiatus semilunaris the middle meatus opens into the infundibulum,

a curved channel, limited above by the bulla ethmoidalis, and below by the lateral

surface of the processus uncinatus. The anterior end of the infundibulum receives

52 a
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the openings of the anterior ethmoidal cells, and, in rather more than fifty per cent
of skulls, is contmued upwards as the fronto-nasal duct into the frontal air-sinus

;

in the remainder it is shut off from the lower end of the fronto-nasal duct by
the union of the anterior part of the buUa ethmoidalis with the upper end of

the processus uncinatus, and the fronto-nasal duct then opens into the Anterior

part of the middle meatus. The ostium maxillare or opening of the maxillary sinus

is placed below the bulla ethmoidalis, and is hidden by the lower end of the
processus uncinatus ; an accessory ostium is frequently seen in the middle meatus,
above the posterior part of the inferior nasal concha.

The inferior meatus lies below the inferior nasal concha, under cover of the
anterior part of which is the slit-like orifice of the naso-lacrimal duct (see p. 825).

The roof is very narrow, except at its posterior part, and is divisible into three

portions, fronto-nasal, ethmoidal, and sphenoidal, in accordance with the bones
which enter into its formation.

The floor is nearly horizontal from before backwards, and is formed by the
palatine process of the maxilla and the horizontal part of the palatine bone. In
it, close to the inferior margin of the septum and immediately over the incisive

foramen, a shght depression, the naso-palatine recess, is sometimes seen ; it is directed

downwards and forwards for a short distance, and indicates the position of a

communication which existed between the nasal and buccal cavities in early

foetal Kfe.

Membrana Mucosa Nasi. — The nasal mucous membrane is thick, highly
vascular, and firmly bound to the subjacent periosteum and perichondrium. It

is continuous, through the choanse, with the mucous lining of the nasal part of the
pharynx; through the naso-lacrimal and lacrimal ducts, with the conjunctiva;

and, through the apertures leading into the air-sinuses, with the delicate lining

of these cavities.

Throughout the respiratory region it is covered with columnar, ciliated

epithelium, interspersed amongst which are goblet or mucin cells, whilst between
the bases of the columnar cells smaller pyramidal cells are interpolated. It contains

a freely anastomosing venous plexus, which in some parts, e.g. over the inferior nasal

conchae, forms a cavernous plexus. Many acinous glands, secreting a watery fluid,

are embedded in it, and are especially large and numerous in the posterior halves of

the nasal cavities,

while in children
Epithelium tiie mucous

membrane con-

tains a consider-

able amount of

adenoid tissue.

In the olfac-

tory region the

mucous mem-

01factory
glands

brane is yellow-

ish in colour,
more delicate,

and is covered

with non-ciliated

columnar epi-

thelium (Figs.

675, 676). Em-
bedded in it are

numerous tubu-

lar and branched
glands, the olfactory glands, which are lined with polygonal cells and open by fine

ducts on its free surface. The epithelium of the olfactory region consists of: (1)
supporting cells, (2) olfactory cells, and (3) basal cells.

1. Supporting Cells.—The superficial parts of these cells are columnar in shape

and contain fine granules of yellow pigment, whilst the deeper portions are continued

Fig. 675.

—

Section thkouoh the Olfactory Mucous Membrane.
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Fig. 676.-

A. Frog 1

B. Human |

-Olfactory and Supporting Cells.

M. Schultze.
C. Human (v.Brunn).

for some distance as attenuaied or branched processes. These cells contain

elliptical or oval nuclei, which are situated at the deep ends of the columnar

parts of the cells, and form what is termed the zone of oval nuclei. In many
animals the free surface

of this columnar epithel-

ium is covered by. a thin

limiting nieiubraiu'.

2. Olfactory Cells.

— These are bipolar

nerve -cells, the central

processes of which are

continued as the axons

of the olfactory nerve-

fibres. They are homo-
logous with the cells of

the spinal ganglia, but

differ from them in that

they retain their primi-

tive position in the sur-

face epithelium. The
cell bodies are spindle-

shaped and are arranged

in several rows between
the deeper, attenuated

parts of the supporting

cells. Each consists of

a large, spherical nucleus

with a small amount of

enveloping protoplasm
;

the nuclei form a layer of some thickness, termed the zo7ie of round nuclei. The
peripheral process of each cell is rod-like, and extends between the columnar
portions of the supporting cells as far as their free surfaces, where it pierces the

external limiting membrane and divides into a number of fine hair-like processes,

termed olfactory hairs. The central process is a delicate, beaded filament, and is

continued upv^ards as the axon of an olfactory nerve-fibre.

3. Basal Cells.—These cells are branched, and lie on a basement membrane
between the deep extremities of the supporting and olfactory cells.

Olfactory Nerves.—The fibres of the olfactory nerves are devoid of medullary
sheaths, and arise, as stated, from the olfactory cells. They are collected into

fasciculi which form a plexiform network under the mucous membrane and ascend

on the medial and lateral walls of the olfactory region of the nasal cavity. They
are lodged, near the base of the skull, in grooves or canals in the ethmoid bone and
pass into the cranial cavity through the foramina in the lamina cribrosa of the

ethmoid. Immediately above the lamina cribrosa they enter the olfactory bulb, in

the glomerular layer of which they subdivide and form synapses with the dendrites

of the mitral cells of the bulb.

The trigeminal nerve supplies branches of ordinary sensation to the nasal mucous membrane
as follows :—The septum is chiefly supplied by the naso-palatine nerve, but its posterior part

receives some filaments from the spheno-palatine ganglion and from the nerve of the pterj-goid

canal, and its anterior portion from the naso-ciliary branch of the ophthalmic. The lateral

wall is supplied—(1) by the upper nasal branches of the nerve of the pterygoid canal and from
the spheno-palatine ganglion

; (2) by the lower nasal branches derived from the anterior palatine
;

and in front by (3) the naso-ciliary branch of the ophthalmic The floor and anterior part of the

inferior meatus are supplied by a nasal branch of the anterior superior alveolar nerve.

Blood-vessels.—Arteries.—The chief artery of the nose is the spheno-palatine branch of the

internal maxillary artery. This reaches the nasal cavitv through the spheno-palatine foramen, and
divides into—(«) posterior nasal, which ramifies over the meatuses and conchae and sends branches
to the maxillary and frontal sinuses and the ethmoidal cells ; and (6) naso-palatine, the artery

of the septum. Twigs are given to the upper portion of the cavity by the anterior and posterior

ethmoidal arteries, while its posterior part receives some small branches from the descending
palatine. The nostrils are supplied by the lateral nasal branch of the external maxillary, and by
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the septal artery from the superior labial. The maxillary sinus is partly supplied by the infra-

orbital artery, whilst the sphenoidal sinus gets its chief supply from the spheno-palatine artery.

The veins form a dense cavernous plexus ; this condition is well seen in the respiratory region,

and especially so over the middle and inferior nasal conchse and on the lower part of the septum.

The venous blood is carried in three chief directions, viz., anteriorly into the anterior facial

vein, jiosteriorly into the spheno-palatine vein, and superiorly into the ethmoidal veins. The
ethmoidal veins communicate with the ophthalmic veins and the veins of the dura mater ; further,

an ethmoidal vein passes up through the lamina cribrosa of the ethmoid, and opens either into

the venous jjlexus of the olfactory bulb or directly into one of the veins on the orbital surface of

the frontal lobe of the brain. The lymph vessels form an irregular network in the superficial

part of the mucous membrane, and can be injected from the subdural or subarachnoid cavities.

The larger vessels are directed posteriorly towards the choanae, and are collected into two
trunks, of which the larger passes to a lymph gland in front of the epistropheus, and the

smaller to one or two lymph glands situated near the greater cornu of the hyoid bone.

The development of the nose is described in the section which deals with
" General Embryology "

(p. 50).

OEGANON VISUS.

OCULUS.

The bulb of the eye (O.T. eyeball) constitutes the peripheral part of the organ
of sight ; associated with it are certain accessory structures, such as the eyelids

and the lacrimal apparatus.

Sinus venosiis sclera^

—

Suspensory ligament

Len

Tendon of
lateral -^

Cornea

Anterior chamber

Iris

Posterior chamber

Ciliary process

Spatia zonularia

Tendon oi

medial
rectus

Fovea centralis

.^.j.^^^^^^^—^— Lamina ciibrosa sclera

^rr-i-fJ^^^^X-V— Arteria centralis retinse

I

J
|:',;;';r>'%\ V'^^-^ Optic nerve

Fio. 677.—DiAOHAM OF A Horizontal Section through Left Bulbus Oculi and

Qpric Nerve ( x 4).

Bulbus Oculi.—Situated in the anterior part of the orbital cavity, the bulb of the

eye is protected in front by the eyelids, and is pierced behind by the pptic nerve,

which ramifies in its innermost tunic, the retina. The tendons of the ocular

muscles are attached to the outer surface of the bulb, a short distance in front of'
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its equator, while its posterior two-thirds are enveloped by a loose membrane
termed the fascia bulbi (O.T. capsule of Tenon).

The bulb of the eye is not quite spherical, being composed of the segments of

two spheres, viz., an anterior, transparent, corneal segment, possessing a radius of 7 or

8 mm., and a posterior, opaque, scleral segment, with a radius of about 12 mm.
(Fig. 677). The anterior or corneal segment, in consequence of its shorter radius,

projects forwards, in front of the scleral portion, the union of the two parts

being indicated, externally, by a slight groove, the sulcus sclerae. The central

points of the anterior and posterior curved surfaces of the bulb constitute,

respectively, its anterior and posterior poles, and a straight line joining the two

poles is termed the optic axis ; an imaginary line encircling the bulb, midway
between the poles, is named the equator. The axes of the two bulbs are almost

parallel, diverging only slightly in front ; but the axes of the optic nerves converge

behind, and, if prolonged backwards, would meet in the region of the dorsum
sellte of the sphenoid. The sagittal and transverse diameters of the bulb are

nearly equal—about 24 mm.; its vertical diameter is about 235 mm. All three

diameters are rather less in the female than in the male, but the size of the bulb

is fairly constant in the same sex. What are popularly described as large eyes

owe their apparent size to a greater prominence of the bulb and to a wider fissure

between the eyelids.

At birth the bulb of the eye is neai-ly spherical and has a diameter of about
17'5 mm. By the age of puberty this has increased to 20 or 21 mm., after which it

rapidly reaches its adult size.

Fascia Bulbi.—The fascia bulbi (O.T. capsule of Tenon) is a fibrous tunic

enveloping the posterior two-thirds of the bulb of the eye, and separating the

posterior part of the bulb from the surrounding orbital fat. It blends posteriorly

with the sheath of the optic nerve and with the sclera around the lamina cribrosa

;

anteriorly it is continued into the ocular conjunctiva, and is also attached to the

ciliary region of the bulb. It is pierced by the tendons of the ocular muscles, and
is reflected on each as a tubular sheath. The sheath on the tendon of the obliquus

superior surrounds the tendon as far as its pulley, to which it is attached ; that

on the obliquus inferior is prolonged as far as the floor of the orbit. The sheaths

on the recti muscles are continuous posteriorly with the perimysium of those

muscles, and each gives off an expansion. The expansion from the sheath of the

rectus superior blends with the sheath of the levator palpebrte superior's, and that

from the sheath of the rectus inferior is attached to the tarsus of the inferior

eyelid. The expansions from the sheaths of the medial and lateral recti are strong,

especially that from the latter muscle, and are attached to the lacrimal and zygo-

matic bones respectively; they are named the medial and lateral check ligaments,

because they probably lituit the action of the corresponding muscles. The portion

of the fascia bulbi which lies inferior to the bulb of the eye has been named the

suspensory ligament (Lockwood) ; it is expanded in the centre, and is slung like

a hammock from side to side, its narrow ends being fixed to the lacrimal and
zygomatic bones.

The bulb of the eye (Fig. 677) consists of three concentric tunics or coats, and
contains three transparent refracting media. The three tunics are : (1) an outer

fibrous tunic, consisting of an opaque posterior part, the sclera, and a transparent

anterior portion, the cornea
; (2) an intermediate vascular, pigmented, and partly

muscular tunic, the tunica vasculosa oculi, comprising, from behind forwards, the

chorioid, the ciliary body, and the iris; (3) an internal nervous tunic, the retina.

The three refracting media are named, from before backwards, the aqueous humour,

the crystalline lens, and the vitreous body.

TUNICA FIBROSA OCULI.

Sclera.—The sclera is a firm, opaque membrane, forming approximately the

posterior tive-sixths of the outer tunic. Thickest posteriorly (about 1 mm.), it thins

at the equator to O'-i or 0'5 mm., and again increases to 0'6 mm. near the sulcus
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Ligamentum pectinatum iridis

Scleral spur I Radial muscle of iris
Venous sinus of sclera -, i

jj^g
Sclera \ \ \ \

,

sclerpe. It is thinner in the child than in the adult, and presents a bluish appearance
caused by the pigment of the chorioid shining through it ; in old age it assumes
a yellowdsh tinge. In front of the equator it gives attachment to the tendons of

the ocular muscles, while its anterior part is covered by the conjunctiva. Its deep
surface presents a brownish colour, and is loosely attached to the chorioid, except

at the entrance of the optic nerve and in the neighbourhood of the sulcus sclerse.

It is pierced, behind, by the optic nerve, the entrance for which is funnel-shaped,

wide behind and narrow in front, and is situated 3 mm. to the nasal side and
slightly below the level of the posterior pole. The fibrous sheath of the nerve blends

with the outer part of the sclera, while the nerve bundles pass through a series of

orifices ; this perforated portion is named the lamina cribrosa sclerse. Around the

entrance of the optic nerve are some fifteen to twenty small apertures for the

passage of the ciliary nerves and short ciliary arteries. The two long posterior

ciliary arteries pierce it, one on each side, some little distance from the entrance of

the optic nerve ; while a little behind the equator are four openings, two above and
two below, for the exit of veins, called venae vorticosse ; near the sulcus sclerse it is

perforated by the anterior ciliary arteries. The deep surface of the sclera is lined

with flattened endothelial

cells; and between it and
the chorioid is an exten-

sive lymph space, the

spatium perichorioideale,

which is traversed by the

cihary nerves and arteries

just mentioned, and by
an irregular meshwork of

fine, pigmented, connective

tissue, the lamina fusca,

which loosely attaches the

sclera to the chorioid. At
the sclero-corneal junction

the fibrous tissue of the

sclera passes continuously

into that of the cornea, and
in the deeper part of this

Parts of ciliary processes juuction there is a circular
Circular fibres of ciliarj- muscle

^^j^g^j^ ^^le SlnUS VenOSUS
Fio. 678.

—

Section ot Iridial Angle. (Prof. Arthur TLomsoii.) scleise (O.T. canal of

Schlemm) (Fig. 678).

When seen in a meridional section of the sclero-corneal junction, the sinus

venosus sclerte appears as a narrow cleft ; its outer wall is formed by the compact

tissue of the sclera, while its inner consists of a triangular mass of trabecular tissue
;

the apex of the triangle is directed forwards and is continuous with the posterior

elastic lamina of the cornea. The sinus is lined with endothelium, and
occasionally contains a few red blood corpuscles. It communicates, on the one

liand, with the anterior ciliary veins, and on the other, through the spatia anguli

iridis in the trabecular tissue, with the anterior chamber of the eye.

Structure.—The sclera consists of bundles of white fibrous tissue, together with some fine

ela.stic fibres, the bundles forming equatorial and meridional layers, which interlace with each

other. Numerous spaces containing connective tissue cells and migratory cells exist between the

fibres. Pigmented cells are plentiful in the lamina fusca, and a few are found also in the tissue

of the sclera, near the entrance of the optic nerve, and in the region of the sclero-corneal junction.

Vascular and Nervous Supply.—The sclera receives its blood-supply from the short

posterior ciliary and the anterior ciliary arteries, while its veins open into the venae vorticosae and
anterior ciliary veins. The cell spaces play the part of lymph vessels and communicate with

the perichorioidal and suprascleral lymph spaces. Its nerves are derived from the ciliary

nerves, which, after losing their medullary sheaths, pass between the fibrous bundles ; their exact

mode of ending is not known.

Cornea.—The cornea is transparent and forms the anterior sixth of the outer

tunic; its index of refraction is from 1-33 to 1-35
; the thickness of its central part

Meridional fibres of ciliary muscle ',

Iridial angle
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Anterior chamber

Sinus venosus sclera>

Sulcus circularis comea>

Posterior chamber
Ciliary muscle

Ciliary jjrocess.-

Spatia zonularia
Vitreon

Retina

is about -95 mm., of its periplieral part, about 1-19 mm. Its anterior surface is

covered with a stratified epithelium, continuous with tliat which lines the con-
junctiva ; its posterior surface

is directed towards the an-

terior chamber of the eye and
is in contact with the aqueous
humour. Its degree of curva-

ture varies in different indi-

viduals ; it is greater in youth
than in old age, and is, as a

rule, slightly greater in the

vertical than in the horizontal

plane ; it diminishes from its

centre to its circumference,

and is less on the nasal than c'hoHoM^''

on the temporal side of the RectMsmusci

anterior pole. The outline of

the anterior surface of the

cornea is almost circular,

measuring 11 mm. vertically

and 11"9 mm. transversely;

that of the posterior surface is circular and has a diameter of 13 mm.
The tissue of the cornea is continuous posteriorly with that of the sclera, the

line of union being known as the sclero-comeal junction. Directly in front of this

junction the inner surface of the cornea projects in the form of a rounded rim

;

behind this rim, in the interval between the sclero-corneal junction and the attach-
ment of the iris, is a groove, the sulcus circularis cornea (Arthur Thomson)^ (Fig. 679).
The outer w^all of this sulcus is composed of a thin stratum of trabecular tissue

placed on the inner side of the sinus venosus sclerae. Between this trabecular tissue

and the front of the circum-

ference of the iris is a narrow
recess which on section ap-

pears as an acute angle ; it is

named the filtration angle or

angle of the iris.

Fig. 679. Section of a Portion of the Bclb of the Eve showing
the sclcus clrctlaris corne^.

"~^
'Epithelium
cornese

Anterior
s:=^ elastic

lamina

Structure.—Tlie cornea con-

sists, from before backwards, of

the following strata, viz., (Fig.

680) :—

1. Epithelium corneae.

2. Anterior elastic lamina.

3. Substantia propria.

4. Posterior elastic lamina.

5. Endothelium of anterior

chamber.

1. The epithelium comeae is

continuous with that covering the

free surface of the conjunctiva and
consists of six or eight strata of

nucleated cells. Deepest of all is

a single layer of perpendicularly

arranged columnar cells, the flat-

tened bases of which rest on the
anteriorelastic lamina, while their

opposite ends are rounded and
contain the nuclei. Superficial

to this layer are three or four

strata of polygonal cells, the majority of which exhibit finger-like processes joining with the

corresponding processes of neighbouring cells ; the more superficial layers consist of squamous
cells. The thickness of" this stratified epithelium is about 45 m at the centre, and about 80 m at

the periphery of the cornea.

J Posterior
— elastic lamina

Endothelium of
anterior chamber

Fio. 680.

—

Verticat, Section* of Cornea (magnified).

The Ophthalmoscope, September 1910, and July 1911.
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2. The anterior elastic lamina is from 19-20 n thick, and is regarded merely as a differentia-

tion of the anterior part of the substantia propria, from which it is with difficulty separated ; it

is not stained yellow by picrocarmine, thus difl'ering from true elastic tissue. Its degree of

development varies in different animals.

3. The substantia propria presents, in a fresh condition, a homogeneous appearance ; but,

with the assistance of reagents, it is seen to consist of modified connective tissue, with a few
elastic fibres. An amorphous interstitial substance binds the fibres into bundles, and, in turn,

cements the bundles into lamellaa which are flattened from before backwards. The fibres of any
one lamella cross tliose of adjacent lamellte almost at right angles, while the superimposed lamellae

are joined by sutural filjres and by amorphous substance. Between the lamellse are found the

cell spaces or lacunse of the cornea—irregularly stellate in shape, and communicating freely

with each other by means of fine canaliculi. The corneal cells or corpuscles are contained in

these lacuna?, without, however, completely filling them, the remainder of the cavities being

occupied by lymph. The cells are nucleated, flattened, and star-like, and their branched pro-

cesses join those of neighbouring cells in the canaliculi. Migratory or lymph cells are also found

in cell spaces.

After middle age a grayish opaque ring, 1"5 to 2 mm. in breadth, is. frequently seen near the

periphery of the cornea ; it is termed the arcus senilis, and results from a deposit of fat granules

in the lamellte and corneal corpuscles.

4. The posterior elastic lamina is a clear homogeneous membrane, covering the posterior

surface of the substantia propria and possessing a thickness of 6-8 m at the centre and 10-12 fi at

the periphery of the cornea. Less firmly attached than the anterior elastic lamina, it may be

stripped off, when it will be found to roll up with its attached surface inwards. Between the

ages of twenty and thirty years small wart-like projections appear on its deep surface, near its

periphery, and these increase in size and number as years advance, so that in old age the

membrane may attain a thickness of 20 m- At the sclero-corneal junction the posterior elastic

lamina splits into bundles of fine fibres which interlace and form the triangular area of trabecular

tissue already referred to (p. 808), and which is usually spoken of under the name of the

ligamentum pectinatum iridis. The meshes or spaces between the trabeculaj are termed the

spatia anguli iridis (O.T. spaces of Fontana), and are lined with endothelium prolonged from the

endothelium of the anterior chamber. They communicate internally with the filtration angle

and externally with the sinus venosus scleras, and form important channels through which fluid

may filter from the anterior chamber into the sinus and thence into the anterior ciliary veins.

When the trabecular tissue of the ligamentum pectinatum iridis is followed backwards most of

its fibres are seen to be attached to the anterior surface of an inwardly directed rim of scleral

tissue ; in a meridional section this rim appears as a triangular projection, and is named the scleral

spur. A few fibres of the trabecular tissue are carried past the apex of the scleral spur on to the

inner surface of the origin of the meridional fibres of the ciliary muscle, and, passing behind
the filtration angle, are prolonged into the iris (Fig. 678), where they are directly continuous with
the fibres of the dilatator pupillsi muscle (Arthur Thomson).^

5. The endothelium of the anterior chamber consists of a single stratum of nucleated,

flattened, polygonal cells, which present a fibrillar structure and are continued as a lining to the

spatia anguli iridis ; this layer of endothelium is also reflected on to the anterior surface of the iris.

Vascular and Nervous Supply of the Cornea.—In the fcetus the cornea is traversed, almost
as far as its centre, by capillaries ; but in the adult it is devoid of blood-vessels, except near its

margin. The capillaries of the conjunctiva and sclera pass into this marginal area for a distance

of about 1 mm., where they terminate in loops. All the remainder of the cornea is nourished by
the lymph which circulates in its cell spaces and canaliculi.

The nerves of the cornea are derived from the ciliary nerves. Around its periphery they

form an annular plexus, from which fibres pass into the cornea, where, after a distance of 1 or

2 mm., they lose their medullary sheaths and ramify in the substantia propria, forming what is

termed the fundamental or stroma plexus. Fibres extend from this plexus through the anterior

elastic lamina and form a subepithelial plexus, from which fine filaments ramify between the

epithelial cells as far as the superficial layers. From the annular and stroma plexuses fibrils

pa.ss to the substantia propria and come into close relation with the corneal corpuscles.

TUNICA VASCULOSA OCULI.

The middle, vascular, and pigmented tunic of the bulb of the eye comprises,

from behind forwards, the chorioid, the ciliary body, and the iris (Fig. 681).

Chorioidea.—The chorioid intervenes between the sclera and the retina, reach-

ing as far forwards as the ora serrata of the retina (p. 815). It is dark brown or

black in colour, and is thicker behind than in front
;
posteriorly it is pierced by

the optic nerve, and is there firmly attached to the sclera. Its outer surface is

flocculent and is connected to the sclera by the loose lamina fusca ; its inner

surface is smooth and is adherent to the outermost or pigmented layer of the retina.

The chorioid consists of a loose connective tissue, embedded in which are blood-

vessels and branched pigment cells ; from without inwards it consists of three

» Op. cit.
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layers, viz. : (a) the lamina suprachorioidea
;
(b) the proper tis-sue of the chorioid

;

and (c) the lamina basalis (Fig. 681).

Lnmiiin basaliK

r^PB^^ l.aiiiina clioriocapillariH
'

lnt«!rme(Jinte stratum

>'Luiiiiiia Mtsciilijsa

l.aiiiiiju sii|irai'lifM iiiidea

Cornea

fSirnis venosus sclenc

Circiilus arteriosus
major

Conjunctival vessels

Recurrent artery
of chorioid

Anterior
ciliao'

vessels

Fio. 681.

—

Vertical Section ok Chorioid and In>'i:ii i ai.i uk Sci.kka.

The lamina suprachorioidea resembles the lamina fusca of the sclera, and
consists of a series of fine non-vascular lamellae, each containing a delicate network
of elastic fibres,amongst
which are stellate, pig-

mented cells and amoe-

boid cells. The spaces

between the laminie

are lined with endo-

thelium, and together

form the spatium peri-

chorioideale, already

referred to (p. 808).

The proper tissue of

the chorioid consists

of blood - vessels and
numerous pigmented
cells, supported by con-

nective tissue, elastic

fibres, and some non-

striped muscular fibres.

Its outer part contains

the larger blood-vessels,

and is named the lamina

vasculosa, while its

inner portion is com-
posed of a network of

fine capillaries, and is

termed the lamina
choriocapillaris ; these

two laminte are joined

]»y a thin intermediate

stratum. The arteries

of the chorioid are de-

rived from the short

posterior ciliary vessels

which pierce the sclera

around the entrance of

the optic nerve, and
form a wide -meshed
plexus in the lamina
vasculosa. The circular muscular coats of the arteries are well developed, and

longitudinal muscular fibres also are present in the larger branches. The veins,

Suprascleral vessels

Vena vorticosa

—Long posterior ciliary artery

Short posterior ciliary artery

—
f
Outer and

^^ inner vessels of optic sheath

Optic nerve

Central artery and vein of retina

Fig. 682.—Diagram of the Circulation in the Evk (Leber).
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Pars iridica retinse

destitute of muscular tissue, are superficial to the arteries ; they are surrounded
by perivascular lymph sheaths and converge to form whorls, which open into the

vense vorticosse. In the tissue between the blood-vessels are numerous stellate,

flattened, and pigmented cells.

The lamina choriocapillaris is composed essentially of small capillaries, which
form an exceedingly close network, embedded in a finely granular or almost
homogeneous tissue.

The intermediate stratum between the lamina vasculosa and lamina chorio-

capillaris consists of a network of delicate elastic fibres and contains almost no
pigment cells ; it is lined, next the lamina choriocapillaris, with a layer of

endothelium.

The lamina basalis is transparent and nearly structureless. Its outer surface

exhibits a trelhs-like network of fibres which unite it to the lamina choriocapillaris,

while its inner surface is smooth and is in contact with the pigmented layer of the

retina.

Tapetum.—In many animals a brilliant iridescence is seen on the postero-lateral part of

the chorioid ; to this the name tapetum is applied. Absent in man, it may be due, as in the
horse, to a markedly fibrous condition of the stratum intermedium (tapetum fibrosum), or as

in the seal, to the presence of some five or sis layers of flattened iridescent cells lying imme-
diately outside the lamina choriocapillaris (tapetum cellulosum).

Corpus Ciliare.—The ciliary body connects the chorioid to the circumference

of the iris (Fig. 683), and comprises three zones, viz. : {a) the orbiculus ciliaris,

(&) the ciliary processes,

and (c) the ciliary muscle.

The orbiculus ciliaris

is a zone of about 4 mm.
in width immediately
adjoining the chorioid

;

it exhibits numerous
radially arranged ridges.

Processus Ciliares.

—The ciliary processes,

about seventy in number,
form a circle of radial

thickenings, each of a

somewhat triangular
shape ; the base of the

triangle is directed for-

pars ciliaris retina wards, towards the
equator of the lens, while

the apex is continuous

behind with some three

or four ridges of the or-

biculus ciliaris. They
vary in size, the largest

having a length of 2-5

mm.
The structure of the

orbiculus ciliaris and
ciliary processes is similar

to that of the chorioid,

but thie capillaries are

larger and more tortuous,

and there is no lamina

choriocapillaris. The
Fig. 683.—Section throdgh Ciijauy IIegion of the Bulb of the Eye. deep surface of the ciliary

processes is covered by
two strata of columnar epithelium, the anterior layer of which is pigmented ; these

two strata form a direct continuation forwards of the retina and constitute the

Cornfia

Anterior chamber

Sinus veuosus
selene

Spatia anguli
iridis

Conjunctiva'

Ciliary process

Ligamentum
pectinatiini iridis

Circular fibres

of ciliary muscle

Meridional fibres of
ciliary muscle

Perichorioidal lymx)h space

Orbiculus
ciliaris

Zonula ciliaiis

Retina
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pars ciliaris retinae ; this epithelium is invaginated to form more or less tubular
glands.

M. Ciliaris.—The ciliary muscle is triangular on horizontal or vertical section,

and consists of two sets of fibres—meridional and circular (Fig. 683). The meridional
fibres arise from tlie scleral spur, already described, and radiate backwards, to be
attached to the ciliary processes and orbiculus ciliaris. When they contract the
chorioid is drawn forwards and the lens becomes more convex, owing to the
relaxation of its suspensory ligament (see p. 810). The circular fibres form a

triangular zone behind the filtration angle, close to the x>eripliery f^t the iris.

Considerable individual differences are found as to the degree of development
of these two portions of the ciliary muscle ; the meridional fibres are always more
numerous than the circular fibres, the latter being absent or rudimentary in myopic
eyes, but well developed, as a rule, in hypermetropic eyes.

Iris.—The iris forms a contractile diaphragm in front of the lens, and is

pierced, a little to the nasal side of its centre, Vjy an almost circular aperture,

the pupil, which, during life, is continually varying in size in order to regulate

the amount of light admitted into the interior of the eye. It partially divides

the space between the cornea and lens into two portions, which are filled liy the

aqueous humour, and are named, respectively, the anterior and posterior chambers
of the eye. It is thinnest at its peripheral or ciliary margin which is directly

continuous with the ciliary body, and, through the medium of the ligamentum
pectinatum iridis, with the posterior elastic lamina of the cornea. Its pupillary

or free margin forms the circumference of the pupil, and rests upon the anterior

surface of the capsule of the lens.

The distinctive colour of the eye, in different individuals, depends on the arrangement
of the pigment in the iris ; in the blue eye the pigment is limited to the posterior

surface of the iris, but in the brown or black eye it is also scattered throughout its stroma

;

in the albino the pigment is absent.

The pupil is closed, during the greater pai't of foetal life, by a thin transparent

vascular membrane, the membrana pupillaris, continuous with the pupillary margin of

the iris. Its vessels are derived partly from the vessels of the iris and partly from those

of the capsule of the lens ; they converge towards the middle of the membrane, near which
they form loops so as to leave the central part non-vascular. About the seventh month
the vessels begin to be obliterated, from the centre towards the cii'cumference ; and this

is followed by a thinning and absorption of the membrane, which becomes perforated by the

aperture of the pupil. This perforation gradually enlarges, and at birth the membrane
has entirely disappeared ; in exceptional cases it persists.

On the anterior surface of the iris is a layer of flattened endothelium, placed

on a basement membrane, and continuous with the endothelium of the anterior

chamber. Depressions or crypts are seen here and there in which the endothelium
and basement membrane are absent, and are, by some, regarded as stomata,

through which the lymph vessels of the iris communicate with the cavity of the

anterior chamber. The posterior surface of the iris is covered with a basement
membrane, on which are placed two layers of columnar, pigmented epithelium,

continuous with the pars ciliaris retinae, and termed the pars iridica retinae. The
stroma iridis, or proper tissue of the iris, consists of delicate connective tissue

and elastic fibres, with pigmented cells, blood-vessels, nerves, and non-striped

muscle.

The blood-vessels of the iris (Fig. 682) are derived from the long ciliary and
the anterior ciliary arteries. The long ciliary arteries, two in number, pierce the

sclera on the medial and lateral sides of the optic nerve respectively, and extend
forwards, between the sclera and chorioid, towards the ciliary margin of the iris.

There each divides into a superior and an inferior branch, and the resulting four

branches anastomose in the form of a circle, termed the circulus arteriosus major.

This circle is joined by a varying number of anterior ciliary arteries, derived from
the lacrimal and muscular branches of the ophthalmic artery, and, after supplying

the ciliary muscle, sends converging branches towards the aperture of the pupil,

where a second circle, the circulus arteriosus minor, is formed. The veins proceed



814 THE OEGANS OF SENSE.

Veins of chorioid

Aperture of

pupil

Fig

towards the ciliary margin of the iris, and communicate with the veins of the

ciliary processes and with the sinus venosus sclerse. The convergence of the blood-

vessels towards the aper-
Auterior ciliary arteries turC of the pupil givCS tO

the anterior surface of the

iris a striated appearance.

The non-striped muscular

fibres of the iris are arranged

in two sets : (a) circular,

(&) radial. The circular

fibres form a band, the m,

sphincter pupillse, around
the pupillary aperture ; by
the contraction of these

fibres the size of the pupil

is lessened. The radial fibres

constitute the m. dilatator

pupillse and extend out-

wards from the sphincter to

the ciliary margin. Many
anatomistsregard the radial

fibres, in man and most
mammals, as being elastic

and not muscular. In
animals in which the radial

fibres are muscular, the

degree of their development varies considerably ; they are feebly marked in the

rabbit, but are well developed in the bird, and still more so in the otter.

The nerves of the chorioid and iris (Eig. 685) are derived from the long and
short ciliary nerves. The former, two or three in number, are branches of the naso-

ciliary nerve ; the latter, vary-

ing from eight to fourteen, sinus venosus scleras

are derived from the ciliary

ganglion. Piercing the sclera

around the entrance of the

optic nerve, the ciliary nerves

traverse the perichorioidal

lymph space, where they form
a plexus, rich in nerve-cells,

from which filaments are sup-

plied to the blood-vessels of

the chorioid. In front of the

ciliary muscle a second plexus,

also rich in nerve -cells, is

formed ; this supplies the

ciliary muscle and sends fila-

ments into the iris, as far as

its pupillary margin, for the

supply of its muscular fibres and blood-vessels. The sphincter pupillse is supplied

by the oculo-motor nerve, the dilatator pupillse by the sympathetic.

Anterior ciliary arteries

684.

—

Blood-vessels of Iris and Anterior Part of Chorioid,
viewed from the front (Arnold).

Cornea

Anterior ciliary,

artery

Vena vorticosa

Lens posterior
ciliary artery

Anterior ciliary

artery

Ciliary muscle

Long posterior
ciliary artery

A'ena vorticosa

Long posterior
ciliary artery

Fio. 685.

—

Dissection of the Eyeball showing the Vascdlar
Tunic and the Arrangement op the Ciliary Nerves and
Vkssels.

RETINA.

The retina, or nervous tunic of the eyeball, is a soft, delicate membrane, in

which the fibres of the optic nerve are spread out. It consists of two strata, viz.

:

(a) an outer, pigmented layer, attached to the chorioid ; and (&) an inner nervous
lamina, the retina proper, in contact with the hyaloid membrane of the vitreous

body, but attached to it only around the entrance of the optic nerve and in the

region of the ciliary processes. Expanding from the entrance of the optic nerve.
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Ciliary process

Chorioiil

l.eiiH

Ciliary processes

Retina

Ketiiia

Fig. 686.—a Segment of the Bulbus Ocui.i showing the Ora
Serhata.

retina appears to end, a short distance behind the ciliary body, in a wavy
ler, the ora serrata (Fig. 68G). Tliere its nervous elements cease and the mem-
oe becomes suddenly thinned, but a delicate continuation of it is prolonged
jr the posterior aspect

the ciliary body and
s. This continuation
insists of the pig-

- lented layer, together

/ith a layer of columnar
-pithelium, and con-

stitutes tiie pars ciliaris

retinae and pars iridica

retinae, already referred

to (p. 813). The portion

behind the ora serrata

is termed the pars optica

retinae, and its thickness

gradually diminishes
from 4 mm. near the
entrance of the optic nerve, to 0"1 mm. at the ora serrata. It presents, at the
posterior pole of the eye, and therefore directly in the optic axis, a small, oval
yellowish spot, the macula lutea. The greatest or transverse diameter of the
macula measures from 2-3 mm. ; its central part is depressed and is named the
fovea centralis. About 3 mm. to the nasal side and slightly below the level of the
posterior pole is a whitish, circular disc, the optic disc, which corresponds with the
entrance of the optic nerve, and has a diameter of about 1-5 mm. The circum-
ference of the optic disc is slightly raised and is named the papilla nervi optici,

while its depressed central portion is termed the excavatio papillae nervi optici

(O.T. optic cup). The optic disc consists merely of nerve-fibres, the other layers
of the retina being absent, and it constitutes the
" blind spot."

The nervous layer of the retina is transparent
during life, but becomes opaque and of a grayish
colour soon after death. If an animal is kept
in the dark before the removal of its eyeball, the
retina presents a purple tinge, due to the presence
of a colouring matter named rhodopsin or visual

purple, which is rapidly bleached on exposure to

sunlight. This colouring matter is absent from
the macula lutea, and absent also over a narrow
zone, 3-i mm. in width, near the ora serrata.

Structure of the Retina (Figs. 687, 688,
689).—The nervous elements of the retina are sup-
ported by non-nervous or sustentacular fibres, and
are arranged in seven layers, to which must be added
tlie stratum pignienti.

The layers from within outwards, i.e. from
vitreous body to chorioid, are :

1. Stratum opticum or layer of nerve-fibres.

2. Ganglionic or nerve-cell layer.

3. Inner molecular or inner plexiform laver.

4. Inner nuclear layer or layer of inner granules.

5. Outer molecular or outer plexiform layer.

6. Outer nuclear layer or layer of outer granules.
7. Layer of rods and cones.

8. Stratum pigmenti.

1 stratum
/pigmenti

Gangli-
onic

I

layer

'stratum
;
[opticum

Membrana litnitans intenia

Fig. 687.

—

Diagrammatic Section ok the
Human Retina (mo<litif(l from Sohultze).

1. Stratum opticum or layer of nerve -fibres.— Most of the fibres of this

stratum are centripetal, and are direct continuations of the axons of the cells in the
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ganglionic layer ; a few are centrifugal and end in branched clubbed extremities in the

inner molecular or inner nuclear layers of the retina.

Fig. 688.

—

Perpendicular Sections of Mammalian Retina (Cajal).

A. Layer of rods and cones ; B, Outer nuclear layer ; C, Outer molecular layer ; D, Inner nuclear layer ; E,

Inner molecular layer ; F, Ganglionic layer ; G, Stratum opticum ; r, rods ; c, cones, r.g, rod grannies ;

eg, cone granules ; r.b, rod bipolars ; c.b, cone bipolars ; c.r, contact of rod bipolars with the
spherules of the rod fibres ; c.c, contact of cone bijDolars with the branches of the cone fibres ; ar,

internal arborisation of cone bipolars ; ar', internal arborisation of rod bipolars ; c.n, centrifugal nerve
fibre ; h, horizontal cells ; s.s, stratified spongioblasts ; d.s, diffuse spongioblasts ; s.g, stratified

ganglion cell ; M, Sustentacular fibre.

2. Ganglionic or nerve-cell layer.—The cells of this stratum vary in size, are oval

or piriform in shape, and form a single layer, except at the macula lutea, where several

strata are present. Each cell contains a large nucleus, and
gives off, from its inner surface, an axon which is continued as

a fibre of the stratum opticum. From the outer surface of

each cell numerous dendrites arise, which form arborisations in

the inner molecular layer. The cells may be divided into uni-

stratified, multi-stratified, and diffuse, according as their den-

drites ramify in one or in several strata of the inner molecular
layer, or extend throughout nearly its whole thickness.

3. Inner molecular or inner plexiform layer.—This

J-
—, M B

^^ constituted chiefly by the interlacement of the dendritic

\ ^w rk arborisations of the cells of the ganglionic layer with those of

the inner nuclear layer, and has been divided by Ramon y Cajal

into five strata. It sometimes contains horizontal cells (spongio-

blasts), whose branched processes ramify in it.

4. Inner nuclear layer or layer of inner granules.

—

This is the most complicated of the retinal strata, and consists

of numerous cells Avhich may be divided into three groups, viz. :

(a) bipolar cells, (h) horizontal cells, and (c) spongioblasts, or

amacrine cells.

(a) The bipolar cells, by far the most numerous, are fusi-

form and nucleated, and each gives off an external and an

internal process. The internal ])rocesses terminate in flattened

tufts, at different levels, in the inner molecular layer, while the

/i V ^ A external produce an abundant ramification in the external zone
r\ y^ r\ of the outer molecular layei\ These bipolar cells are divided

Vt f TT ^^^ ^^^ bipolars, cone bipolars, and giant Ijipolars. The rod

if \ I! bipolars end peripherally in vertical arborisations around the

button-like ends or spherules of the rod fibres, and, centrally,

in branched extremities which mostly become applied to the

A, A cone and two rods from the cells of the ganglionic layer. The cone bipolais end peripher-
human retina (modified from ^Hy in flattened arborisations in the outer molecular layer,,

part of'' rorfteparated hito
^"^ contact with the ramifications of the foot-plates of the cone

discs. fibres, and, centrally, ramify in some one of the five strata of

the inner molecular layer. The giant bipolars form, peripher-

ally, an extensive horizontally arranged ar>)orisation in the outer molecular layer ; centi'ally,

they ramify in one or other of the strata of the inner molecular layer.

Fig. 689.
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(0) Tiie horizontal cells are of "two varietien : (1) small, flattened, star-like cells, lying

immediately internal to the outer molecular layer, and sending a tuft of dendrites outwards,

towards tlie bases of the cone fibres, while their axons are directed horizontally, for a

variable distance
; (2) large, irregular cells, lying internal to the above and ending in

finger-like ramifications in the outer molecular layer. Their axons run horizontally for

some distance, and end, in extensive varicose arborisations, under the spherules of the

rod fibres.

(c) The spongioblasts are situated in the innermost part of the inner nuclear layer

;

their processes ramify in the inner molecular layer, it may be in one stratum (stratified

spongioblasts) or in several strata (diffuse spongioblasts).

"). Outer molecular or outer plexiform layer.—This is constituted by the

intorlaceniunt of the ik'ndritf.s of the bi]K)];ir and horizontal cells, just described, with

the spherules of the rod fibres and the ramifications of the foot-plates of the cone fibres.

It is divided into two strata : (a) external, indicating the contact of the rod bipolars with

the spherules of the rod fibres ; (6) intnmal, the line of contact between the cone bipolars

and the branches of the cone fibres.

6. Outer nuclear layer or layer of outer granules.—This is made up of clear

granules which somewhat resemble those of the inner nuclear layer, and are divisible into

two kinds : (a) cone granules, {b) rod granules. The cone granules are the larger, and each

contiiins an oval nucleus ; they lie immediately inside the outer limiting membrane, through

which they are continuous with the cones of the next layer. Each is prolonged internally

as a straight fibre, which, on reaching the outer molecular layer, expands to form a foot-

plate, from which several horizontal fibrils are given off. The rod granules are far more
numerous than the cone granules, and each contains a small oval nucleus, which is

transversely striated. Their outer processes are continuous, through the outer limiting

membrane, with the rods of the next layer, while their inner processes pass into the outer

molecular layer and end in free, unbranched spherules amongst the arborisations of the

rod bipolars.

7. Layer of rods and cones.—This consists of two sets of structures, viz., rods

and cones. Except at the macula lutea the rods are far more numerous than the cones,

and assume the form of elongated cylinders, while the cones are shorter than the rods,

and taper externally to fine points. Each rod and cone consists of two segments—inner

and outer. The inner segment of the rod only slightly exceeds in diameter its outer

segment, whereas the inner segment of the cone greatly exceeds its outer part. The inner

segments of both rods and cones have an affinity for staining i-eagents, and consist of a

basal homogeneous portion and an outer longitudinally striated part, the proportion of the

latter to the former being greater in the cones than in the rods. The outer segments
have not the same affinity for reagents, but tend to break transversely into numerous discs

(Fig. 689, B). The colouring matter, rhodopsin, already referred to, is found only in the

outer segments of the rods, the terminal parts of which extend into the layer of pigmented
epithelium.

8. Stratum pigment!.—This consists of a single stratum of cells which, on surface

view, are hexagonal (Fig. 690), their outer flattened surfaces being firmly attached [to

the chorioid. When seen in profile the outer part of each cell contains

a large oval nucleus and is devoid of

pigment, while the inner portion is

filled with pigment and extends as a

series of thread-like processes amongst
the outer segments of the rods and
cones. When the eye is kept in the

dark the pigment accun^ulates near

the outer part of the cell, but when
exposed to light it streams in between
the rods and cones (Fig. 691).

Sustentacular fibres of the

"p,o»LrofHX" retina-^These f„r,u a framework for

Retin.\ (viewed from ''he support of the nervous structures

the surface). (Fig- 688, M). They begin at the

inner surface of the nerve-fibre layer

in single or forked expanded bases, by the apposition of

which a delicate membrane, the membrana limitans in-

terna, is formed. In the ganglionic layer they give off' a few side branches, and, on

passing through the inner nuclear layer, supply ramifications amongst the inner granules

53
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for their support ; in this part of each fibre there is an oval nucleus. In the outer
nuclear layer they break up into a network of fibrils which surround the rod and cone
granules and fibres, and end externally at the bases of the rods and cones in a delicate

membrane, the membrana limitans externa.

Structure of the macula lutea and fovea centralis.—The yellow colour

of the macula is due to the presence of pigment in the inner layers of the retina. At the

circumference of the macula the nerve-fibre layer is greatly thinned and the rods are few
in number; the ganglionic layer, on the other hand, is thickened and may contain

from seven to nine strata of cells, Avhile the outer granular layer also is thicker and its

granules have an oblique direction. At the fovea centralis the retina is much thinned,

since here its nerve-fibre and ganglionic layers are absent and its other strata greatly

attenuated. The stratum pigmenti, on the other hand, is thicker and its pigmentation
more pronounced. The cone nuclei are situated some distance internal to the outer
limiting membrane, and thus the thin inner and outer granular layers are in apposition.

There are no rods, and the cones, closely crowded together, are narrower and their outer
segments more elongated than elsewhere, so that the line of their bases, indicated

b}' the membrana limitans externa, presents a convexity directed forwards. The fovea

centralis and macula lutea are spoken of by physiologists as the "region of distinct

vision."

Structure of the ora serrata.—Here the nervous layers of the retina suddenly
cease ; the layer of rods and cones ends a little behind the margin of the ora serrata ; the

other nervous strata persist as far as its margin. In front of the ora serrata the retina is

prolonged over the ciliary processes in the form of two layers of cells : (a) an inner layer of

columnar epithelium, and (6) an outer, consisting of the stratum pigmenti, the two
forming the pars ciliaris retinae. The same two layers are prolonged over the back of

the iris, w^here both are pigmented and form the pars iridica retinee.

Vessels of the retina (Fig. 692).—The retina is supplied by the arteria centralis retinae,

a branch of the ophthalmic artery, which pierces the sheath of the optic nerve about
2 cm. behind the bulb of the eye, and makes its appearance in the centre of the optic
papilla. There it divides into an upper and a lower branch, and each of these again bifur-

cates into a medial or nasal, and a lateral or temporal, branch. The resulting four branches
ramify towards the periphery of the retina, and are named the superior and inferior temporal

Superior nasal brancli /T-^^yV..^^^^^_-.^~~ -^^N \— Superior.temporal branch

Superior and inferior macular
Optic disc 1^^—

^^^.^ i J^ I

^~---^^^^
1
"arteries

-Macula lutea

Inferior nasal brancli

—

\ ^^^'''"^ V/ \\\ ^^^'''-aaa,^*^'''^^^ i_Infeiior temporal branch

Fig. 692.

—

Blood-vessels of the RE'nNA.

and the superior and inferior nasal arteries. The temporal arteries pass laterally above and

below the macula lutea, to which they eive small branches ; these do not, however, extend as

far as the fovea centralis, which is devoid of blood-vessels. The macula also receives two small

arteries (superior and inferior macular) directly from the stem of the arteria centralis. The
larger vessels run in the nerve-fibre layer near the membrana limitans interna and form two

capillary networks—an inner, in the nerve-fibre layer, and an outer, in the inner nuclear layer.

The inner network arises directly from the arteries and sends numerous small branches to form

the outer network, from which the veins take origin. The vessels do not penetrate deeper than

tlie inner granular layer, nor do the arteries anastomose, except through the capiUary plexuses.

The veins follow the course of the arteries ; they have, no muscular coats, but consist merely

of a layer of endotlielial cells, outside which is a perivascular lymph sheath, surrounded by

delicate retiform tissue.
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REFRACTING MEDIA.

Corpus Vitreum.—The vitreous body is a transparent, jelly-like substance

situated lietween the crystalline lens ami the retina, and occupying the posterior

iour-tiflhs of the bulb of the eye (Fig. 677). In front it presents a deep concavity,

the hyaloid fossa (O.T. fossa patellaris), for the reception of the posterior convexity

of tlie lens. It is enclosed within a tliin transparent meudjrane, the membrana
hyaloidea, which is in contact with the membrana limitans interna of the retina,

anil is adherent to it at the entrance of the optic nerve. The portion of the

membrana hyaloitlea in front of ihe ora serrata is thickened and strengthened

by radial fibres, and is termed the zonula ciliaris. Situated behind the ciliary body,

the zonula is ratlially folded and presents a series of alternating furrows and
elevations. The ciliary processes are received into, and are firmly adherent to, the

furrows, with the result that, if removed, some of their pigment remains attached

to the zonula. The elevations of the zonula are not attached to the intercilijiry

depressions, but are separated by a series of lymph spaces named Liie recessus

cameras posteriores ; these may be regarded as diverticula of the posterior chamber
with which they communicate. As the zonula approaches the equator of the

lens it splits into two chief layers, viz. : (a) a thin posterior lamina, which lines

the hyaloid fossa ; and (b) a thicker anterior layer, termed the suspensory ligament

of the lens (Fig. 677), which blends with the front of tlie lens capsule a short

distance from the equator of the lens. Scattered fibres of tliis ligament are also

attached to the equator itself and to the regions immediately anterior and posterior

to it. By this suspensory ligament the lens is retained in position, and its con-

vexity varies inversely with the degree of tension of the ligament. The radial

fibres of the ciliary muscle, by pulling forward the

ciliary processes and the attached zonula ciliaris,

relax the ligament, and thus allow the lens to

become more convex. Behind the suspensory

ligament, a sacculated lymph space surrounds the

equator of the lens ; it is named the spatia

zonularia (O.T. canal of Petit), and may be easily

intiated on introducing a line blow-pipe through

the suspensory ligament (Fig. 677). In the foetus

a blood-vessel, termed the arteria hyaloidea, is con-

tinued from the arteria centralis retinae forwards

through the vitreous body, for the supply of the

capsule of the lens. Its position, in the adult,

is represented by a lymph channel, termed the

canalis hyaloideus of Stilling (Fig. 677), the

presence of which may be demonstrated by shaking up the vitreous body in a

solution of picrocarmine, when some of the pigment may be seen to extend along

the canal (Anderson Stuart).

When the vitreous body is treated by a

weak solution of chromic acid it presents a

series of concentric, peripherally arranged

striae, together with numerous radial stride

converging towards its centre. Between

these the more fluid part lies,and it frequently

contains vacuolated amoeboid cells scattered

through it. The vitreous body consists of

98"4 per cent of water, having in solution

about 14: per cent of sodium chloride and
traces of extractives and albumen.

Fiu. 694.—Len3 HARDE.NED IN FoRMALiN AND Lcus Crystallma.—The crystalline lens
DISSECTED TO SHOW ITS coNCENTuic Lamin^ ^^g -^ j-^.^^^ ^j- j-j^^ N itreous body and behind
(eularged). ... , . , .

''

i. i j

Fio. Gyj.

—

The sJi-atia Zo.nllaiua dis-

tended AND VIEWED FROM THE
Front (eularged).

Substantia
corticalis

Nucleus
leiitis

(eularge

(Fig. 677).

of the lens.

the iris, and is a biconvex, transparent body

It is enclosed in a thin, transparent, homogeneous capsule, the capsule

The central points of its anterior and posterior sui faces are termed
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Fig. 695.-—Diagrammatic Kepresentation of the Radial
Lines of the Fcetal Lens.

A, Seen from the front ; B, From behind.

respectively its anterior and posterior poles, a line joining'which is known as its

axis ; its peripheral circumference is named the equator. Its axial measurement
is 4 mm., and its transverse diameter from 9 to 10 mm. Its anterior surface is less

curved than the posterior and on
it rests the pupillary margin of

the iris ; the central part of the

surface corresponds with the aper-

ture of the pupil and is directed

towards the anterior chamber ; the

peripheral part is separated from
the iris by the aqueous humour of

the posterior chamber. Its pos-

terior surface, more convex than
the anterior, occupies the hyaloid

fossa of the vitreous body. The
curvatures of its surfaces, especi-

ally that of the anterior, are constantly varying, during life, for the purpose of
focussing near or distant objects on the retina.

The substantia lentis consists of a soft outer part, the substantia corticalis, easily
crushed between the finger and thumb, and of a dense central part, the nucleus
lentis. The refractive index of the substantia corticahs is

about 1-4; that of the nucleus lentis about 1-45. Faint radial
lines run from the anterior and posterior poles of the lens
towards its equator. In the foetus they are three in number, and
form angles of 120° with each other (Fig. 696). From the
anterior pole one ray ascends vertically and the other two
diverge downwards, while from the posterior pole one ray
descends vertically and the other two diverge upwards. In
the adult the rays may be increased to six or more. They
represent the free edges of a corresponding number of septa
which dip into the substance of the lens, and along which
the extremities of the different groups of lens fibres come into
contact, and are attached by a clear, amorphous substance.
The lens, when hardened, exhibits a series of concentrically
arranged laminse (Fig. 694), superimposed like the scales of an
onion and attached to each other by a clear, amorphous sub-
stance. Each lamina is split along the radiating hues, and
consists of a series of hexagonal, riband-like fibres, the fibrae

lentis, which are adherent to each other by their margins;
tliose of the deeper laminse are small and serrated, but non-
nucleated

; while tliose of the superficial coats are large and
nucleated, but non-serrated. The fibres extend in a curved
manner from the rays on the anterior surface to the rays on
the posterior surface, but no fibre extends from pole to pole.

Fibres which start at or near one pole end at or near the
equator on the opposite surface, and vice yerm, while the inter-
vening fibres take up intermediate positions. Between the
substantia lentis and the anterior part of the capsule there is

a layer of nucleated columnar epithelial cells, the epithelium
lentis. On being traced towards the equator its cells become Section through the

gradually elongated and transformed into lens fibres, which,
^Quator of the Lens.

when fully formed, lose all trace of tlieir nuclei, except in Showing the gradual tran-

the more superficial laomue. Each lens fibre represents, there- tT^lS'tZ
lore, a greatly elongated columnar cell (Fig. 696). Babuchin).

In the foetus the lens is soft, of a pinkish colour, and
nearly spherical

; while in old age it becomes somewhat flattened, and assumes a
yellowish tint.

Camerse Oculi (Fig. 677).—As already stated (p. 813), the space between the
cornea and the lens is divided by the iris into two unequal parts, viz., the camera

Fig. 696.
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oculi anterior, in front, and the camera oculi posterior, behind. These are filled

with the aqueous humour, and, in the adult, communicate freely through the aperture

of the pupil, l)ut in the hutus are separated from each other by the membrana
pupillaris. Tiie camera ocidi anterior or anterior chamber is bounded in front

by the cornea, behind by the iris and lens, whilst p('ri])liera]ly it communicates

with the spatia anguli iridis. The camera oculi posterior or posterior chamber

is triangular on section, and is bounded in front by the iris, behind by the

circumferential part of the lens and its suspensory Ugament ; the base of the

triangle corresponds with the thick, anterior extremities of the ciliary processes.

It communicates with the recessus camerae posteriores and spatia zonularia. The
aqueous humour has a refractive index of about 1'336, and consists of about 98

per cent of water, with 14 per cent of sodium chloride, and traces of albumen.

PALPEBR^.

The eyelids are two movable curtains situated in front of the bulb of the eye,

and named, I'rom their positions, superior and inferior. The superior is the larger

and more movable,
being provided with a

special elevator muscle,

the m. levator pal-pehrce

superioris. The inter-

val between the eyelids

is termed the palpebral

fissure, and measures

transversely about 30
mm., but varies con-

siderably in different

individuals and in

different races. When
the eye is open the

fissure is elliptical in

shape, but when closed

it assumes the form of

a transverse slit, which
lies on a level with the

lower margin of the

cornea. The two lids

meet at the extremities

of the fissure, and form
the lateral and medial

commissures. Their
free margins are flat-

tened and are sur-

mounted by eyelashes, from the lateral commissure to a point about 5 mm. from

the medial commissure—a point indicated by a small papilla, the papilla lacrimalis.

Medial to this papilla the margins are rounded. and destitute of eyelashes, and

form the upper and lower boundaries of a triangular space, termed the lacus lacri-

malis, which is occupied by a small pale red body, the canincula lacrimalis. The
caruncula consists of a small island of modified skin, and contains sudoriferous and

sebaceous glands, and fine hairs. Posteriorly the lids are lined with mucous

membrane, the conjunctiva, and are in contact with the bulb of the eye, except

near the medial commissure, where, between the bulb of the eye and the caruncula

lacrimalis, there intervenes a vertical fold of conjunctiva, the plica semilunaris con-

junctivae, which in many animals contains a plate of cartilage.

In each eyelid there exists a framework of condensed fibrous tissue, which gives

consistence and shape to the lid, and is termed the tarsus. In front of the tarsus

are the fibres of the orbicularis oculi muscle and the integument, while embedded
in its posterior surface, and covered by the conjunctiva, are numerous modified
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sebaceous glauds, named the tarsal glands. The superior tarsus is larger than

the inferior, and of a half oval shape, with its greatest vertical diameter measuring

about 10 or 11 mm. Its upper margin is thin and convex, and is continuous with

the tendon of the levator palpebriB superioris muscle, while its lower edge is thick

and straight. The inferior tarsus is a thin, narrow strip, with a nearly uniform

vertical diameter of about 5 mm. The extremities of the two plates are con-

tinuous with the lateral palpebral raphe and the medial palpebral ligament. The
lateral palpebral raphe is a narrow band attached to the zygomatic bone ,' it divides,

at the lateral commissure, into superior and inferior pieces which are fixed to the

margins of the respective tarsi. The medial palpebral ligament is a strong band
attached to the frontal process of the maxilla, directly in front of the lacrimal

Tendon of levator palpebral
superioris

Conjunctiva

Skin

Orbicularis oculi

Tarsal gland in tarsus

Muscle of Riolan

Eyelashes

Fig. 698.

—

Sagittal Section through Superior Eyelid.

groove ; it divides at the medial commissure into two slips, one for each tarsus

(Eig. 699).

The eyelids are further strengthened by membranous expansions, termed the

superior and inferior palpebral ligaments, which extend into them from the margin
of the orbit. The superior palpebral ligament is continuous, along the superior

margin of the orbit, with the pericranium and with the periosteal lining of the orbit,

and it blends, below, with the tendon of the levator palpebrse superioris. The inferior

palpebral ligament is prolonged from the lower edge of the inferior tarsus to the

inferior margin of the orbit, where it is continuous with the periosteum of the face

and orbital floor. Laterally the two palpebral ligaments fuse to form the lateral

palpebral raphe, while medially they become thinned, and, separating from the

medial palpebral ligament, are attached to the lacrimal bone, behind the lacrimal

sac. The superior and inferior palpebral ligaments form the septum orbitale, between

the superficial and deep structures of the eyelids ; this septum is perforated by the

vessels and nerves, which extend from the orbital cavity to the face or scalp.
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Superior ]>alpel)ral

li>,'ameiit

Palpebral braiicli of
lacrimal nerve

Superior tarsus

Ilaphe palpebralis
lateralis

Inferior palpebral
ligament

Sui)ra-orbital nerve

Supra-lroclilear nerve

Superciliary arcli

Infra-troclilear nerve

Lacrimal »ac

Ligamentum palpe-
Ijrale mediale

Inferior tarsus

Fig. 699.

Infra -orbital

Dissection ok the Right Eyelid. The orbicularis oculi has been
completely removeil.

The skin covering the eyelids is thin and delicate, and is continuous, at their
margins, with their conjunctival lining. It contains numerous small sud'orilerous
glands and fine hairs, the latter being provided with sebaceous follicles. liranched
pigment cells are

present in the

cutis, and pig-

ment exists also
Ten.lon oflevator

in the deep layers paipebra- supcrions

of the epidermis.

The subcutaneous
tissue is loose and
devoid of fat, and
in it are found
the fibres of the

orbicularis oculi

muscle—a small

separate bundle
of which, termed
the muscle of

Riolan, occupies

the margin of the

lids behind the

eyelashes.

The glandulae

tarsales (O.T. Mei-

bomian glands) are

elongated sebaceous glands with numerous lateral offshoots ; they are embedded
in the tarsi and are filled with cubical epithelium. There are from twenty-five to
thirty in the superior eyelid, and from twenty to twenty-five in the inferior ; they
open by small ducts, about 1 mm. in length, along the lid margins, behind the
eyelashes ; the ducts are lined with stratified epithelium, placed on a basement
membrane. Between the eyelashes and the muscle of Eiolan are two or three
rows of modified sudoriferous glands, termed the glands of Moll.

H. Miiller described a layer of non -striped muscle in each lid : in the superior extending from
the tendon of the levator palpebrae superioris to the upper tai'sus, and in the inferior connecting
the inferior tarsus with the inferior oblique muscle.

The eyelashes are curved, silky hairs which project from the free margins of
the lids ; in the upper lid they are longer and more numerous than in the lower,
and are curved upwards, while those of the lower lid are bent downwards.

Conjunctiva.—The conjunctiva is the mucous membrane which lines the
eyelids, and is continued, from them, on to the front of the bulb of the eye.
The part on the eyelids is termed the tunica conjimetiva palpebrarum, that on the
bulb of the eye the tunica conjunctiva bulbi ; the Lines of reflection of the membrane
from the eyelids to the bulb are known as the superior and inferior conjunctival
fomices. The conjunctiva palpebrarum is intimately adherent to the tarsi and
presents numerous papillse. It is covered with a layer of columnar epithelial cells,

beneath the bases of which are small flattened cells ; near the fornices a number
of acino-tubular glands, much more plentiful in the upper than in the lower eyelid,

open on its free surface. The conjunctiva bulbi is thinner than the conjunctiva
palpebrarum, and is loosely attached to the sclera by submucous tissue. The
plica semilunaris conjunctivie has already been referred to (p. 821). On the cornea
the conjunctiva is represented merely by the epithelium corneae (p. 809).

Vessels and Nerves.—The chief arteries of the eyelids are the superior and inferior palpe-
bral branches of the ophthalmic, which pierce the septum orbitale above and below the medial
palpebral ligament, and run laterally in the corresponding lid near its free margin. On reaching
the region of the lateral palpebral commissure they anastomose with each other and with twigs
from the lacrimal, superficial temporal, and transverse facial arteries, and in this wav an arch
is formed in each lid. Secondary smaller arches are found, one above the primary arch in the
upper lid, and another below that of the lower lid, while the upper lid receives branches also
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from the supra-orbital and frontal arteries. The veins are arranged in two sets : (a) subcon-

junctival or retrotarsal, opening into the muscular tributaries of the ophthalmic veins, and (6)

pretarsal, into the angular and sui^erficial temporal veins. The lymph, vessels, like the veins,

form pre- and retrotarsal networks, which communicate with each other through the tarsal

plates. The lymph is drained chiefly into the anterior auricular and parotid lymph glands, but
partly, by vessels which accompany the anterior facial vein, into the submaxillary lymph glands.

The sensory nerves of the eyelids are supplied by the trigeminal nerve—the upper lid chiefly

by the supra-orbital and supra-trochlear branches of the ophthalmic ; the lower, by the infra-

orbital branch of the maxillary. The region of the lateral commissure receives some filaments

from the lacrimal nerve, that of the medial from the infra-trochlear. These sensory nerves

form a marginal plexus behind the orbicularis oculi muscle. The levator palpebrse superioris

muscle is supplied by the oculomotor nerve and the non-striped fibres of the eyelids by the

sympathetic.

APPAEATUS LACEIMALIS.

The lacrimal apparatus consists of: (1) the lacrimal gland, which secretes the

tears
; (2) the lacrimal ducts, by which the tears are drained from the front of the

eye ; and (3) the lacrimal sac and naso-lacrimal duct, which convey them into the

nasal cavity.

Lucrjnial gland
(superior part)

Temporal muscle -

Temporal fascia

Excretory ducts
of lacrimal gland

Lacrimal gland,
(inferior part)

Infra-orbital
nerve

Maxillary sinus

Superior fornix

of conjunctiva

Puneta
laerimalia

Lacrimal ducts

Lacrimal sac

Medial palpebral
ligament

Naso-lacrimal
duct

Middle concha
Muco-
periosteum

Plica lacrimalis

Inferior meatus

Inferior concha

Fig. 700.

—

Dissection to show the Lacrimal Apparatds.

Glandula Lacrimalis.—The lacrimal gland is a flattened, oval body situated

in the superior and lateral part of the orbital cavity; it consists of two portions

—superior and inferior—imperfectly separated from each other by the expansion of

the tendon of the levator palpebrse superioris muscle. The glandula lacrimalis

superior is firm and much larger than the inferior; it measures transversely about

20 mm., and sagittally from 12 to 14 mm. It occupies the fossa lacrimalis on the

medial surface of the zygomatic process of the frontal bone, and is fixed by fibrous

bands to its periosteum, while its inferior surface is in contact with the levator

palpebrae superioris and rectus lateralis muscles, which intervene between it and

the bulb of the eye. The glandula lacrimalis inferior consists of small, loosely

aggregated lobules ; it Hes below and in front of the orbital portion, and projects

into the posterior part of the upper eyelid, where its deep surface is in contact

with the conjunctiva. The ducts draining the glandula superior are from three

to five in number; they pass between the lobules of the glandula inferior, and
open at the upper and lateral part of the fornix conjunctivae superior. The ducts

of the glandula inferior number from three to nine ; some of them join those

from the glandula superior, while others open separately at the fornix conjunctivae

superior. The lacrimal gland has a structure resembling that of the parotid, and
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is supplied by the sympathetic and lacrimal uerves and by the lacrimal artery,
while its veins are drained into the ophthalmic vein.

Ductus Lacrimales.—The lacrimal ducts, two in number, commence in minute
orifices, termed the jmncta lacrivuilia, at the apices of the papilhe lacrimales

(p. 821), and are directed medialwards, along the medial parts of the margins of the
eyelids, above and behnv the lacus lacrimalis. The superior duct at first ascends
for a short distance and then inclines downwards ; the inferior duct descends for
a short distance and then runs horizontally ; at the angle where it changes its

direction each duct is dilated into an ampulla. The two ducts open close together
into the lateral and front part of the lacrimal sac, a little below its middle ; some-
times they open separately into a pouch-like dilatation of the sac, termed the simis

of Maier. The ducts are lined with stratified epithelium placed on a tunica propria,
outside which is a layer of striped muscular fibres derived from the lacrimal part
of the orbicularis oculi. These muscular fibres are arranged somewhat spirally
around the ducts, but at the base of each papilla lacrimalis they are circular
in direction and form a species of sphincter. On contraction they serve to
empty the contents of the lacrimal ducts into the lacrimal sac.

The saccus lacrimalis and ductus nasolacrimalis together form the passage by
wiiich the tears are conveyed from the lacrimal ducts to the nasal cavity.

The lacrimal sac is the upper expanded part of the passage, and measures from
12 to 15 mm. in length, about 7 mm. antero-posteriorly, and from 4 to 5 mm. trans-
versely. It lies in the groove formed by the lacrimal bone and frontal process
of the maxilla, and ends above in a rounded, blind extremity or fundus, while
it narrows below into the naso-lacrimal duct. At the junction with the duct a
fold of mucous membrane, named the valve of Beraud, together with a laterally
directed pouch, the sinus of Arlt, are sometimes present. Near its superior ex-
tremity it is crossed, in front, by the medial palpebral ligament (O.T. tendo oculi),

from the upper and lower edges of which the orbicularis oculi takes origin ; the
lacrimal part of the orbicularis oculi muscle is behind it.

The naso-lacrimal duct averages about 18 mm. in length, and has a diameter of
from 3 to 4 mm. Rather narrower in the middle than at its extremities, it is directed
downwards and sUghtly backwards, and opens into the inferior meatus of the nose
at the junction of its anterior fourth with its posterior three-fourths, i.e. a distance
of 30 to 35 mm. from the posterior boundary of the nostril. Its lower orifice is

somewhat variable in form and position, and is occasionally duplicated. It is

frequently guarded by a fold of mucous membrane, termed the plica lacrimalis

(Hasneri). Through this orifice the mucous Hning of the duct is continuous with
that of the nasal cavity. The mucous membrane of the duct is thrown into
inconstant folds, several of which have been described as valves. Its epithelium
is columnar and in part ciliated ; opening into the lower part of the duct are
numerous glands, similar to those in the nasal mucous membrane.

The nerves of the lacrimal ducts and sac are derived from the infra-trochlear branch of the
naso-ciliary ; their arteries from the inferior palpebral and nasal. The veins of the naso-lacrimal
duct are large and numerous, forming a sort of erectile tissue similar to that in the nasal lavity.

Development of the Eye.

The retiiui and optic nerveare developed from a hollow outgrowth of the fore-brain, termed
the optic vesicle (see pp. 54 and 33). This extends towards the side of the head, and its

connexion with the brain is gradually elongated to form the optic stalk. The ectoderm
overlying the optic vesicle becomes thickened, invaginated, and finally cut off as a hollow-

island of cells, which is named the lens vesicle. This vesicle indents the outer and lower
part of the optic vesicle, converting it into a cup (optic cup), lined by two layers of cells

continuous with each other at the margin of the cup. The inner of these strata, thicker
than the outer, is named the retinal layer, and becomes differentiated into the nervous
and supporting elements of the retina ; while the outer, named the pigmentary layer,
forms the stratum pigmenti. The edge of the optic cup extends in front of the equator
of the lens, and bounds the future aperture of the pupil. In front of the lens, and also
opposite its equator, the retinal layer is thin, and represented only by a stratum of

columnar cells which becomes closely applied to the pigmentary layer, the two forming the
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pars ciliaris and pars iridica retinjB. The indentation of the optic cup extends as a groove

for some distance along the postero-inferior aspect of the optic stalk, forming what is termed

tlie chorioidal fissure (Fig. 701). Through this fissure mesoderm passes inwards between

the lens and the retina to form a part of the vitreous body, while the arteria centralis retinae

also becomes enclosed in it and so gains its future position in the centre of the optic

Lens rudiment
Optic cup

Optic stalk

Outer layer of optic cup
Inner layer of optic cup
Lens

Optic
vesicle

becoming
cupped

I

Optic stalk
Chorioidal fissure

Lens

Fig. "01.

—

Sections through Pop.tions of the Heads of Fcetal Rabbits, to illustrate the connexion
of the optic cup with the fore-brain, and the invagination of the ectoderm to form the lens.

Optic stalk

nerve. The arteria centralis is prolonged forwards from the porus opticus through
the vitreous body, as a cone of branches, as far as the back of the lens. By the fifth

or sixth month all these branches have disappeared except one, the arteria hyaloidea,

which persists until the last month of foetal life, when it also atrophies, leaving only the

canalis hyaloideus to indicate its position.

The vitreous body is developed between the optic cup and the lens, and is derived

partly from ectoderm and partly from mesoderm. It consists primarily of a series of

fine protoplasmic fibres which project from the cells

of the retinal layer of the cup and form a delicate

reticular tissue. At first these fibres are seen in relation

to the whole of the optic cup, but later they are limited

to the ciliary region, where by a process of condensation

they appear to form the zonula ciliaris. When the

mesoderm reaches the cup through the chorioidal fissure

it unites with this reticular tissue to form the vitreous

body.

The lens, at first in contact with the ectoderm

from which it is derived, is soon sepai'ated from it by
mesoderm, and then consists of a rounded vesicle with

epithelial walls. The anterior wall remains as a single

layer of cells— the anterior lens epithelium of the

adult ; the cells of the posterior wall become elongated into lens fibres, and by the

forward growth of these the cavity of the vesicle is obliterated. This elongation into

lens fibres is greatest at the centre of the lens, while near the equator the fibres are

shorter, and here the gradual transition between the anterior epithelium and the lens

fiVjres is seen (Fig. 696). The lens becomes enveloped in a vascular tunic, which receives

its vessels from the arteria centralis retinse and from the vessels of the iris. The front

part of this tunic forms the memVjrana pupillaris, and this, like the rest of the tunic,

disappears before birth.

Tlie hollow optic stalk becomes solid by the thickening of its walls and, acquiring

nerve-fibres, is transformed into the optic nerve. These nerve-fibres are mostly centripetal,

and are derived from the nerve-cells of the retina ; but a few are centrifugal and have

their origin in the brain. The further development of the retina resembles, in certain

respects, that of the spinal medulla.

Cameron 8tate.s {Journ. Anat. and Physiol., vol. xxxix.) that in the early stages of the
development of the inner or retinal layer of the optic cup all the structures, described by His as

being present in the spinal medulla of the human embryo, are to be fotmd, viz., (a) spongioblasts,

(6) germinal cells, and (c) neuroblasts.

Fig. 702.

—

Optic Cup and Lens viewed
KROM BEHIND AND BELOW, to show
formation of chorioidal fissure and
enclosure of the arteria centralis re-

tina; (from model by Ziegler).
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The spongioblasts undergo ramification and form a network or mjnelospongium, and also give

rise to the inner and outer limiting membranes ; the latter is next the original cavity of the optic

vesicle, and therefore corresponds to the inner limiting membrane of the spinal medulla. The
spongioblasts also form the groundwork of the inner and outer molecular layers into which the

proci'sses of the neuroblasts grow and arborise.

The germinal cells are always situated beneath the external limiting membrane, and by their

division give rise to the neuroblasts. Tlie first-formed neurobla.sts are larger than tliose of

succeeding generations, and are found in the site of the future ganglionic layer. Tlie germinal

cells in tlie middle of the convexity of the retinal cup cease to divide at an early stage of

development, and become directly transformed into the nxl and cone celLi from which the rods

and cones develop as processes ; hence these structures appear first over the middle of the

convexity of the retina, and gradually extend towards the margin of the retinal cup.

The inolecular layei-s make their appearance as plexuses of myelospongium. The internal

molecular layer is first developed at the centre of the retinal cup, and gradually extend.s towards

the cup margin, and into it the processes from the nuclei on either side grow and ramify. The
rod and cone fibres, and the outer processes of the internal nuclear layer, grow into and arborise

within tlie external molecular layer.

The condensed mesoderm surrounding the optic cup becomes the sclera and chorioid.

In the portion of the mesoderm which lies in front of the lens a cleft-like fissure appears,

and divides it into a thick anterior and a thin posterior layer. The former becomes the

substantia propria of the cornea ; the latter, the stroma of the iris and anterior part of the

vascular tunic of the lens. The fissure represents the future camera oculi anterior,

and its lining cells form the endothelium of this chamber.

The eyelids arise as two integumentary folds above and below the cornea, each being

covered on both its surfaces by the ectoderm. By the third month the folds meet and

unite with each other at their edges, the eyelids being only permanently opened shortly

before birth; in many animals they are not opened until after birth. The ectoderm

forms the epithelium of the conjunctiva and the epithelium cornese. It is also invaginated

at the lid margins to form the hair follicles and the lining cells of the tarsal glands and

glands of Moll, and, at the fornix conjunctivje superior, to form the lining of the alveoli

and ducts of the lacrimal gland.

The naso-lacrimal duct, lacrimal sac, and ducts represent the remains of the furrow

between the maxillary and lateral nasal processes (p. 49). It is at first filled with a

solid rod of cells, which becomes hollowed out to form the sac and ducts.

ORGANON AUDITUS.

The ear or auditory organ (Fig. 703) consists of three portions—external,

middle, and internal—the last constituting its essential part, since the peripheral

terminations of the acoustic nerve are distributed within it.

EXTERNAL EAR.

The external ear ^ includes—(a) the auricula, attached to and projecting from

the side of the head ; and (&) the external acoustic meatus leading inwards from

the most depressed part of the auricula to the tympanic membrane.

Auricula.

The auricle (O.T. pinna) (Fig. 704) presents two surfaces, lateral and medial,

the latter forming an angle (cephalo-auricular angle) of about 30° with the side of

the head. The lateral surface is irregularly concave, but presents several well-

marked elevations and depressions. The deepest of the depressions is situated near

its middle, and is named the concha auriculae. It is divided by an almost transverse

ridge, the cms helicis, into an upper, smaller, and a lower, larger portion: the

former is termed the cymba conchae ; the latter, which leads into the meatus,

the cavum conchae. Anteriorly, tlie crus helicis is continuous with the margin of

the auricula or helix, which is incurved in the greater part of its extent, and is

directed at first upwards, and then backwards and downwards, to become gradually

* Although it is usual to speak of the external, middle, aud internal ear, it would be more correct to use

the terms external, middle, and internal portions of the ear.
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Tympanic cavity, with cliaiii of ossicles

Seniicircular duet

Utricle

Ductus endolymphaticus

Saccule

Ductus cochlearis

lost in the upper part of the lobule. Near the point where the helix begins

to descend a small tubercle, the tuberculum auriculae (Darwini), is often seen.

In front of the de-

scending part of the

helix is a second ele-

vation, the antihelix.

Single below, it

divides superiorly

into two limbs,
termed the crura

antihelicis, between
which is a triangular

-Auricula 'ieprcssion, the fossa

triangularis. The
elongated furrow be-

tween the helix and
antihelix is named
the scapha. The con-

cavity of the concha
is overlapped in front

by a tongue-like pro-

cess, the tragus, and
below and behind by a
triangular projection,

the antitragus ; the

notch, directed downwards and forwards between these two processes, is named
the incisura intertragica. The tragus consists really of two tubercles, the upper of

which constitutes the tuberculum supratragicum of His, and is separated from the

helix by a groove, the sulcus auris anterior. The lobule is situated below the

incisura intertragica, and is the

most dependent part of the

auricle.

The medial or cranial surface imjo

also is irregular, and presents crus antiheiicis superior' |^i%^ S^-
''

elevations corresponding to the Fossa trianguij-^- ^

Crus antihelicis inferior-

Auditory tube

Membrana tympani

Recessus epitynipanicus

External acoustic meatus

Fig. 703.

—

Diagrammatic View of the Organ of Hearing.

depressions on its lateral surface,

e.g. eminentia conchas, eminentia

triangularis, etc.

The auricula is usually smaller and
more finely modelled in the female than
in the male, but presents great varia-

tions in size and shape in different indi-

viduals. In the newly born child its

length is about one-third of that of the
adult, while it increases slightly in

length and breadth in old age.

The relation of the width to the

Cymba conchs
Crus helicis

Tragus

Incisura intertragica
Antitragus

Lobule

Fig. 704.

—

View of Lateral Surface of Left Auricula
(half natural size).

height is termed the auricular index, and is expressed as follows :

—

widtli of auricula x 100 . . , . ,

, ,
1

—

-,. —, - = Auncular index.
length 01 auricula

This index is less in wliite than in dark races.

The cephalo-auricular angle may be practically absent, as in those cases where the skin of the
head passes directly on to the lateral surface of the auricula, or it may be increased to nearly a
right angle, so that the lateral surface of the auricula looks directly forwards. The tuberculum
auriculae, the significance of which was recognised by Darwin, is a somewhat triangular
prominence which projects forwards in cases where the lielix is well rolled over, but backwards and
upwards when the incurving of the helix has been arrested. More frequently present in men
than in women, it is of developmental interest since it has been shown to be well marked at the
sixth month of fcctal life, tlie entire auricula, at this stage, resembling in appearance that of the
adult macaque monkey.

The lobule may be small and sessile or considerably elongated ; it may adhere to the skin of
the cheek (i.e. webbed), or may tend to bifurcate at its lower extremity.
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M. helicis major

Spina holici.s

M. helicis iiiiiior

M. tragicus J

Fissure of
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Lsthiiius cartila-

giiiis auris

Incisura termiualiH
auris

M. antitragicus

Ki.ssura antitragolieliciiia

Cauda helicis

Fio. 705.- -Latekal Surface ok Caktilage of the
Auricula (one-half natural size).

Structure of the Auricula.—The greater part of the auricula consists of a

himella of yellow iihro-cartilage, tiie cartilago auriculae; the cartilage is, however,

absent from the lobule, whicii is composed of fat and connective tissue. When
laid bare, the cartilage (Figs. 705,

706) presents, in an exaggerated

condition, all the inequalities of the

auricula, and is })rol<)Uged medially

to form a considerable portion of the

external acoustic meatus. The car-

tilage of the helix projects anteriorly

as a conical eminence, the spina

helicis, and its^ inferior extreudty

extends downwards as a tail -like

process, the cauda helicis, which is

separated from the lower part of the

anti tragus by the fissura antitrago-

helicina. The cartilage of the

auricula is continuous with that of

the meatus by a narrow isthmus, the

isthmus cartilaginis aiiris, measuring from 8 to 9 mm. in breadth. This isthmus corre-

sponds laterally with the deepest part of the incisura intertragica, and medially it

forms the outer boundary of a deep fissure, the incisura terminalis auris, which
separates the cartilage of the meatus from that of the concha. The upper edge of

the tragus tits into an angle below the crus helicis. Two fissures, in addition

to those already described, are usually present, one in the tragus and another

immediately behind the spina helicis.

On the cranial surface of the cartilage (Fig. 706) the eminences produced by
the concha and fossa triangularis are separated by a transverse furrow, the sulcus

antihelicis transversus, corresponding

with the crus antihelicis inferior;

further, the eminentia conchas is

crossed horizontally by a groove, the

sulcus cruris helicis, and almost vertic-

ally by a slight ridge, the ponticulus :

the latter indicates the attachment of

the m. auricularis posterior.

Ligaments of the Auricula.—The
cartilage of the auricle is attached

to the temporal bone by two fibrous

bands which form its extrinsic liga-

ments, viz. : an anterior, stretching

from the zygomatic process to the spina

helicis and tragus ; and a 2^osterior,

passing from the eminentia conchae
and upper wall of the meatus to the mastoid portion of the temporal bone. Small
ligamentous bands pass between individual parts of the auricle, and form what are

termed its intrinsic ligaments.

Muscles of the Auricula (Figs. 705, 706).—The muscles of the auricle are

divided into two groups, extrinsic and intrinsic. The extrinsic muscles pass to the

auricula from the skull or the scalp, and are described in the section on Myology.
The intrinsic muscles, on the other hand, are confined to the auricula and are six

in number, four on its lateral and two on its cranial or medial surface.

(a) On the lateral surface (Fig. 705)

—

1. M. helicis major passes upwards from the spina helicis along the ascending
part of the lielix. 2. M. helicis minor covers the crus helicis. 3. M. tragicus,

quadrangular in shape, consists of fibres running vertically over the greater

part of the tragus. Some of its fibres are prolonged upwards to the spina hehcis
and constitute the m. pyramidalis. 4. M. antitragicus covers the antitragus and
runs obliquely upwards and backwards as far as the antihelix and cauda helicis.

M. transversus

Ponticulus

Cauda helicis

M. obliqiius

Sulcus antihelicis

transversus

Spina helicis

Cartilage of
tragus

Incisura
terminalis
auris

Cartilage of
meatus

Fig. 706.

—

Medial Surface ok the Cartilage ok
THE Auricula (one-half natural size).
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(&) On the medial surface (Fig. 706)

—

1. M. transversus auriculae consists of scattered fibres, which stretch from the

eminentia couchie to the convexity of the helix. 2. M. obliquus auriculae (Tod)

comprises a few fasciculi, which run obliquely or vertically across the furrow corre-

sponding with the crus antihehcis inferior. A small muscle, the m. stylo-auricu-

laris, sometimes extends from the root of the styloid process to the cartilage of

the meatus.

Skin of the Auricula.—The skin covering the auricle is thin and smooth,

and is prolonged, in the form of a tube, as a lining to the external acoustic

meatus. On the lateral surface of the auricula, it adheres firmly to the subjacent

perichondrium. Strong hairs are present on the tragus and antitragus, and also

in the incisura intertragica, forming the barbula Mrci, which guard the entrance to

the concha ; soft downy hairs are found over the greater part of the auricula and
point towards the tuberculum auriculae. Sebaceous glands, present on both

surfaces of the auricle, are most numerous in the concha and fossa triangularis.

Sudoriferous glands are found on the medial surface ; few or none on the lateral

surface.

Vessels of the Auricula.—The arteries of the auricle are derived

—

{a) from the superficial

temporal, which sends two or three branches to the lateral surface ; and (6) from the posterior

auricular, which gives three or four branches to the medial surface. From the posterior auricular

artery two sets of twigs are prolonged to the lateral surface, one turning round the free margin
of the helix, and the other passing through small fissures in the cartilage. The veins from the

lateral surface open into the superficial temporal vein ; those from the medial surface chiefly join

the posterior auricular vein, but some communicate with the mastoid emissary vein. The
lymph vessels take three directions, viz. : (a) forwards to the parotid lymph glands, and
especially to the anterior auricular gland in front of the tragus; (6) downwards to the lymph
glands which accompany the external jugular vein, and to the lymph glands under the sterno-

cleidomastoideus ; and (c) backwards to the posterior auricular lymph glands.

Nerves of the Auricula.—The muscles of the auricle are supplied by the facial nerve.

The skin receives its sensory nerves from—(a) the great auricular, which supplies nearly the

whole of the medial surface, and sends filaments in company with the branches of the posterior

aiu'icular artery to the lateral surface
; (6) the auriculo-temporal, which supplies the tragus and

ascending part of the helix
;

(c) the lesser occipital, which sends a branch to the upper part of the

medial surface.

Meatus Acusticus Exteknus.

The external acoustic meatus (Figs. 707, 708) is the passage leading from

the concha to the membrana tympani. Its average length, measured from

the bottom of the concha, is about 24 mm., but, if measured from the level

of the tragus, abovit 35 mm. On account of the obliquity of the membrana
tympani the anterior and inferior walls of the meatus are longer than the posterior

and superior. The meatus consists of two parts, viz. : {a) an external portion,

the pars cartilaginea, about 8 mm. in length ; and (&) an internal portion, the pars

ossea, about 16 mm. in length. The entire meatus forms a somewhat S-shaped

bend (Fig. 708), and may be divided into three portions—external, intermediate,

and internal ; each is directed medialwards, but, in addition, the external part is

incUned forwards and slightly upwards ; the intermediate, backwards ; and the

internal, the longest, forwards and slightly downwards. On transverse section the

canal is seen to be elliptical, its greatest diameter having an inclination downwards
and backwards. Widest at its lateral extremity, it becomes somewhat narrower

at the medial end of the pars cartilaginea ; once more expanding in the lateral

portion of the pars ossea, it is again constricted near the medial end of the

latter, where its narrowest part, or isthmus, is found at a distance of about 19 mm.
from the bottom of the concha. The medial extremity of the meatus is nearly

circular and is closed by the membrana tympani.

Bezold gives the diameters of the meatus as follows :

—

At the commencement of the pars cai'tilaginea

At the end „ „ „ . . .

At the commencement of the pars ossea

At the end „ ,. ,, ...

Greatest.
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Pars o.iaca of external ncouslii- meatus
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Fio 707.

—

Fkontal Section of IIight Eau ; Anterior Halk ok Section,

viewed from beliiud (natural size).

The lumen of the pars cartilaginea is intluenced hy tlie movements of the

mandible, being increased when that bone is depressed. This can be easily verified

by inserting a

finger into the
meatus, and then

alternately opening

and shutting the

mouth.
The condyle of

the mandilde lies

in front of the pars

ossea, while between

the condyle and the

pars cartilaginea

a portion of the

parotid gland is

sometimes present.

Behind the pars

ossea, and separated

from it by a thin

plate of bone, are the

mastoid air-cells.

Structure of the Meatus.—The cartilage of the meatus, directly continuous

with that of tiie auricula, is folded on itself to form a groove, opening upwards
and backwards, the margins of which are connected by fibrous tissue. The medial

end of the cartilaginous tube is firmly fixed to the lateral margin of the bony
meatus, whilst its lateral extremity is continuous with the cartilage of the tragus

(p. 829). Two fissures

exist in the anterior

portion of the pars

cartilaginea, and are

filled by fibrous tissue.

In the lateral part of

the meatus the cartil-

age forms about three-

fourths of the circum-

ference of the tube

;

but, near the medial

end of the pars cartil-

aginea the cartilage

forms merely a part

of the anterior and
lower boundaries of

the canal.

Umbo

Parotid gland

IJony part of
ditory tube

Internal carotid
artery

Menibrana tynipani

/_ First turn of
cochlea

Caviim tyini)aiii

toid air-cells

Antihelix

Helix

Transverse sinus

Fig. "08.— Horizontal Section through Right Ear; Upper Half ok

Section, seen from below (natural size). The i)ai-s ossea of the

meatus ife described on p.

127 ; but it may be well to state liere that in the new-born child it is rejiresented only by an

incomplete ring of bone, the annulus tympanicus, together with a small portion of the squama
temporalis, wliich articulates witli, and bridges over the interval between, tlic t'xticmities t)f the

ring su])eriorly. In the concavity of tlie annulus is a groove, the sulcus tympanicus, in wliich the

circumference' of tlie membrana tym])ani is fixed. On the medial .surface of the anterior part of

the annulus, a little below its free extremity, a groove, the sulcus malleolaris, is directed down-

wards and forwards. It transmits the anterior process and the anterior ligament of the malleus,

the tympanic artery, and the chorda tympani nerve. It is limited above by a ridge, the

crista spinarum (Henle), wliich ends in front and behind in a spinous process (spina tympanica

major and minor). Below the sulcus malleolaris there is a second, less promim-iit ridge,

the crista tympanica (Gruber), which subsequently unites witli a process of the tegmen tymjiani,

and so sliuts otf the canalis musculotubarius from the petrotympanic fissure. A fibrous

tympanic plate (Symington) intervenes between the annulus tympanicus and the cartilage

of the meatus, and into this plate the bony ring extends. The bony outgrowth does not,

however, proceed uniformly from the whole of circumference of the annulus, but occui-s most

rapidly in it^ anterior and pasterior parts. These outgrowths fuse about the end of the second
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year of life, so as to surround a foramen (foramen of Buschke) in the floor of the meatus ; this

foramen is usually closed by the fifth year, but persists until adult life in some 19 per cent

of skulls (Biirkner).

The lumen of the meatus in the new-born child is fextremely small : its outer part is funnel-

shaped ; its inner a mere slit, bounded below by the fibrous tympanic plate and above by the
obliquely placed membrana tympani.

The skin which envelops the auricula lines the entire meatus, and covers also

the outer surface of the membrana tympani. It is thick in the pars cartilaginea,

and contains fine hairs and sebaceous glands, the latter extending for some
distance along the postero-superior wall of the pars ossea. The sudoriferous

glands are enlarged and of a brownish colour ; they constitute the glandulse

ceruminosae and secrete the ear wax or cerumen.

Vascular and Nervous Supply of the Meatus.—The external acoustic meatus receives its

blood-supply from the jDosterior auricular and superficial temporal arteries, and also from the

deep auricular branch of the internal maxillary artery, the last distributing some minute twigs

to the membrana tympani. The veins open into the external jugular and internal maxillary

veins, and also into the pterygoid plexus, while the lymph, vessels have a similar mode of

termination to those of the auricle. Sensory nerves are supplied to the meatus by the
auriculo-temporal branch of the trigeminal and by the auricular branch of the vagus.

CAVUM TYMPANI OE MIDDLE EAR
The tympanic cavity is a small air chamber in the temporal bone, between

the membrana tympani and the lateral wall of the internal ear or labyrinth (Figs.

707, 708). Lined with mucous membrane, it contains a chain of ossicles,—malleus,

incus, and stapes,—which reaches from its lateral to its medial wall, and transmits

the vibrations of the membrana tympani across the cavity to the internal ear.

Attached to the ossicles are several ligaments and two small muscles.

The tympanic cavity consists of two portions : (1) The tympanum proper, or

atrium, lying medial to the membrana tympani ; and (2) the recessus epitympanicus,

or attic, lying above the level of the membrane and containing the greater part

of the incus and the upper half of the malleus. Including this recess, the

vertical and antero-posterior diameters of the tympanic cavity each measure
about 15 mm. The distance between its lateral and medial walls is about 6

mm. above and 4 mm. below, while at its central part, owiug to the bulging

of the two walls towards the cavity, it measures only from 1*5 to 2 mm.
The tympanic cavity is enclosed by six walls, tegmental, jugular, labyrinthic,

mastoid, carotid, and membranous.
Paries Tegmentalis.

—

The tegmental wall or roof (Fig. 709) is formed by a

thin plate of bone, the tegmen tympani, constituting a portion of the anterior surface

of the petiiQiiS-part of -the temporal. It extends backwards so as to cover in the

tympanic antrum, and forwards," to roof in the semicanal for the tensor tympani
muscle. It separates the tympanic cavity and antrum from the middle fossa of the

cranial cavity, and may contain a few air-cells, whilst occasionally it is partly

deficient. In the child its lateral edge corresponds with the petro-squamous suture,

traces of which can generally be seen in the adult bone.

Paries Jugularis.

—

The jugular wall or floor is narrower than the tegmental

wall, and consists of a thin plate of bone which separates the tympanic cavity from

the fossa jugularis ; anteriorly, it extends upwards and is continuous with the

posterior wall of the carotid canal. The inner orifice of the foramen for the

transmission of the tympanic nerve is seen near the junction of the jugular and
labyrinthic walls.

Paries Labyrinthica.- The labyrinthic or medial wall of the tympanic cavity

is formed by the lateral surface of the internal ear (Fig. 709). It presents—(1)

a rounded eminence, the promontory, which is caused by the first coil of the cochlea,

and is grooved for the tympanic plexus of nerves. (2) An oval or somewhat
reniform opening, the fenestra vestibuli, which is situated above and behind the

promontory, with its long axis directed antero-posteriorly. It measures 3 mm. in

length and 1-5 mm. in width and, in the macerated bone, leads into the vestibule

of the osseous labyrinth, but is closed in the recent state by the base or foot-plate
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Sinus tyniiiani

Mastoid air-cells

of the stapes, surrounded by its ligamentum annulare. (3) An elevation, the pro-

minentia canalis facialis, which is situated above tlie fenestra vestibuli, in the

recessus (i)ityiiii)uiiicus ; tliis elevation indicates the position of the upper part of

the canalis faciahs (O.T. aqueduct of Fallopius), which contains the facial nerve, and

Antrum tynipanicum

Recessus epitympanicus

Prominentia eaiialis nicialis

Tegnieii lyiMi>aiii

Fenestra vestibuli

Soniioanal foi; tonsor tyniimni

Septum canalis musculotubarii

Promontory with
grooves for

tympanic plexu

Ossnous part of
auditory tube

Bristle introdiictMl into the

foramen for the tympanic nerve

Fenestra cochlea}

Course of canalis facialis

Ficj. 709.

—

Section through Left Temporal Bone, showing labyriuthic wall of tympanic cavity, etc.

is continued backwards and downwards behind the tympanic cavity, to end at the

stylo -mastoid foramen. (4) The septum canalis musculotubarii (O.T. processus

cochleariformis), which extends backwards, above the anterior end of the fenestra

vestibuli, where it makes a sharp lateral curve, and forms a pulley over which the

tendon of the tensor tympaui muscle plays. (5) A funnel-shaped recess, situated

behind and below the promontory, and almost hidden by its overhanging edge,

leads to an irregularly oval opening, termed the fenestra cochleae ; in the macerated
bone this fenestra communicates with the cochlea, but in the recent state is closed

by the membrana tympani secundaria ; this membrane is bent angularly along a line

joining its antero-inferior two-thirds with the postero-superior third ; and consists

Recessus epitympanicusof three layers : (a)

lateral, continuous

with the mucous
lining of the tym-
panum, and con-

taining a network

of capillaries
; (&)

intermediate, or

membrana propria,

the fibres of which
radiate chiefly

towards the peri-

phery of the mem-
brane — some
branched,dendritic

fibres are also

present
;
(c) medial,

continuous with

the epithelial

lining of the
labyrinth. (6) Be-

tween the fenestra vestibuli above and the fenestra cochleae below is a small circular

depression, the sinus tympani, which is perforated by one or two minute foramina

for blood-vessels, and indicates the position of the ampullated end of the posterior

semicircular canal.
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Pars llaci'ida

(Shrapnell)

Anterior and posterior
malleolar plica;

Tendon of tensor
tympani muscle (cut)

Manubrium mallei

Sulcus tympanicus

Fio. 710.

—

Lekt Membrana. Ttmpaiji and Recessds Epitympanicos, viewed

from within. The head and neck of the malleus have been removed to

show the pars flaccida and the malleolar plicae, x 3.



834 THE ORGANS OF SENSE.

Paries Mastoidea.—The mastoid or posterior wall presents, from above down-
wards : (1) a rounded or triangular opening, extending backwards from the

recessus epitympanicus and leading into the tympanic antrum (Fig. 709) ; (2) a

depression, the fossa incudis, situated in the postero-inferior part of the recessus epi-

tympanicus (Fig. 710), for the reception of the end of the short cms of the incus;

(3) a minute conical bony projection, the eminentia pyramidalis (Fig. 709), the

summit of which is perforated by a round aperture for the passage of the tendon of

the stapedius muscle. This aperture is continued downwards and backwards as a

canal in front of the facial canal, and frequently opens, by a minute orifice, on the

base of the skull in front of the stylo-mastoid foramen ; it communicates with the

facial canal by one or two small foramina, which transmit the vessels and nerve

to the stapedius muscle ; a minute spicule of bone often extends from the eminentia

pyramidalis to the promontory on the labyrinthic wall of the tympanum; (4) a small

aperture, the apertura tympanica canaliculi chordae (Fig. 710), which is situated close

to the posterior edge of the membrana tympani, nearly on a level with the upper

end of the manubrium mallei
; (5) a rounded eminence, the prominentia styloidea, is

sometimes seen below the last, and is caused by the upward and forward prolongation

of the styloid process.

Paries Carotica.—The carotid or anterior wall is narrowed in its transverse

diameter by the approximation of the lateral and medial boundaries of the tympanic

cavity, and in its vertical diameter by the descent of the roof and the ascent of the

carotid canal. It presents (Fig. 709) two parallel semicanals, one above the other

separated by a thin lamella of bone, the septum canalis musculotubarii (O.T.

processus cocMeariformis). These run forwards on the lateral wall of the carotid

canal and open in the angle between the squama and the petrous part of the

temporal bons. The higher and smaller of the two is termed the semicanalis m.

tensoris tympani, and lies immediately below the tegmen tympani. It has a diameter

of about 2 mm., and extends on to the medial wall of the tympanic cavity above

the anterior part of the fenestra vestibuli. The lower and larger semicanal gradu-

ally increases in size from before backwards, and is named the semicanalis tubse

auditivae. It forms the bony part of the auditory tube and opens on the carotid

wall of the tympanic cavity opposite the orifice leading into the tympanic antrum.

Below the orifice of the auditory tube the anterior part of the tympanic cavity

is separated from the ascending portion of the carotid canal by a thin plate of

bone in which there are sometimes gaps or deficiencies. It is perforated by the

carotico- tympanic canal, which transmits the carotico- tympanic nerve from the

sympathetic plexus of the carotid artery to the tympanic plexus. The auditory

tube is described on p. 837.

Paries Membranacea.—The membranous or lateral wfiU is formed almost en-

tirely by the membrana tympani (Fig. 710), which closes the medial end of the

external acoustic meatus, and is fixed throughout the greater part of its circum-

ference in a groove, the sulcus tympanicus. The bony ring containing this sulcus is

deficient superiorly, where it exhibits a distinct notch, the notch of Rivinus. On a

level with the upper edge of the membrane, and in front of the ring of bone in

which it is fixed, is the medial end of the petrotympanic fissure. This transmits tlie

tympanic branch of the internal maxillary artery, and lodges the anterior process

and anterior ligament of the malleus. Close to the medial end of the fissure is

the iter chordae anterius through wliich the chorda tympani nerve leaves the

tympanic cavity.

Membrana Tympani.—The tympanic membrane is an elliptical disc, its greatest

diameter, 9 to 10 mm., being directed from above, downwards and forwards, whilst

its least diameter is from 8 to 9 mm. It is placed very obliquely, forming an

anijle of about 55° with the lower and anterior walls of the external acoustic

meatus ; it is said to be more oblique in cretins and deaf mutes, and more
perpendicular in musicians.

The circumference of that portion of the membrane which is fixed in the sulcus

tympanicus is considerably thickened, and is named the annulus fibrocartilagineus.

It is prolonged from the anterior and posterior extremities of the notch of Rivinus

to the processus lateralis of the malleus, in the form of two ligamentous bands, the
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anterior and posterior malleolar plica. The timali triangular portion of the membrane

(Fig. 710) situated above these folds is thin and lax, and constitutes the pars flaccida

(O.T. membrane of Slirapnell) ; the main portion of the membrane is, on lIk; oLlu;r

hand, tightly Htretciied and termed the pars tensa. A small orifice, sometimes

seen in the pars Haccida, is probal)ly either a pathological condition or has been

produced artificially during manipulation. The manubrium mallei is firmly fixed to

the medial surface of the membrana tympani, the central portion of which is drawn

towards the tympanic cavity so that its lateral surface is concave. The deejjest

part of this concavity corresponds with the lower end of the manubrium of the

malleus, and is named the umbo membranse tympani.

The membrana tympani consists of three layers: (1) a lateral, the stratum

cutaneum
; (2) an intermediate, the membrana propria; (3) a medial, the stratum

mucosum.
The stratum cutaneum is continuous with the skin of the meatus, and consists

of a thin layer of cutis covered with epidermis. The cutis is thickest near the

circumference ; the epidermis, on the other hand, is thickest near the centre of the

membrane.
The membrana propria consists of two sets of fibres : (a) a lateral, the stratum

radiatum, situated immediately under the stratum cutaneum, and radiating from

the manubrium of the malleus to the annulus fibrocartilagineus
;
(b) a medial, the

stratum circulare, the fibres of which are numerous near the circumference, but

scattered and few in number near the centre of the membrane (Fig. 710). Both

radial and circular fibres are absent from the pars flaccida, which consists only of

the cutaneous and mucous strata. Gruber pointed out that, in addition to the

radial and circular fibres, there exists, next the stratum mucosum, a series of

dendritic or branched fibres, which are best developed in the posterior part of the

membrane.
The stratum mucosum is continuous with the mucous lining of the tympanic

cavity. It is thicker over the upper part of the membrane than near its centre,

and is covered with pavement epithelium.

Otoscopic Examination of the Membrana Tjrmpani (Fig. 711).—The membrana tympani,

in the living, is of a " pearl-gray " colour, but may present a reddish or yellowish tinge, depending

upon the condition of its mucous lining and on the condition of the cutaneous lining of the meatus

;

the posterior segment is usually

clearer than the anterior. At the .y^HlfiHfei^ Posterior

antero- superior part, close to its JUd^^^^^HBUfe^— - malleolar plica

periphery, a whitish point appears ^^^^^P^^wSl^r—^ Lateral process of

as if projecting towards the meatus ;
Membrana flacti.la-^^^^K^-iJ^^^^S^ Long crus of

this is the processus lateralis of the Anterior '"aneoiar -J^^^K ^^^^^Ep" incus

:^^^^H||K .'-'^K _ Postero-superior

^^^^p^^^ —y~^ 'WR quadrant

Manubrium mallei —^^^K~ - ..^a HK
^^^K^^HHRdL- SV Postero-inferior

Antero-superior ^^^^^^^^^ '\ ^ quadrant

Antero-iiiferior

quadrant

Fig. 711. Left Tympanic Membrane (as viewed from the exterual

acoustic meatus), x 3.

malleus. Passing downwards and
backwards from this point to the

umbo is a ridge caused by the

manubrium mallei, the lower ex-

tremity of which appears rounded.

Two ridges, corresponding with the

malleolar plica, extend from the

processus lateralis of the malleus,

one forwards and upwards, the other
backwards and upwards. Behind,
and near the lower extremity of the
manubrium mallei, is a reddish or

yellowish spot, due to the promontory of the medial wall of the tympanic cavity shining through.

If the membrane is very transparent, the long crus of the incus may be visible behind the upper

part of the manubrium mallei, and reaching downwards as far as its middle. From the lower

end of the manubrium mallei, the " cone of light " or " luminous triangle " extends downwards

and fom-ards, its apex being directed towards the handle ; this triangle varies in size in different

people. A line prolonging the manubrium downwards divides the membrane into two parts,

while another, drawn at right angles to this through the umbo, will subdivide it into quadrants,

viz., postero-superior, postero-inferior, antero-superior, and antero-inferior ;
this subdivision is

useful in enabling the otologist to localise and describe accurately the seat of lesions in the

membrane.
Vascular and Nervous Supply of the Membrana T3nnpani.—The arteries are arranged m

two sets, one on the cutaneous and another on the mucous surface ;
they anastomose by means

of small branches which pierce the membrane, especially near its periphery. The first set is

derived chiefly from the deep auricular branch of the internal maxillary, whilst those on the

54 a
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mucous surface are small and proceed from the anterior tympanic branch of the internal maxillary,
and from the stylo-mastoid branch of the posterior auricular. The veins from the cutaneous surface

open into the external jugular ; those from the mucous surface partly into the venous plexus on the
auditory tube, and partly into the transverse sinus and veins of the dura mater. The lymph.
vessels, like the blood-vessels, are arranged in two sets, cutaneous and mucous, which, however,
communicate freely with each other. Kessel has described as lymphatics the spaces between the
branches of Gruber's dendritic fibres. The lateral surface of the membrane receives its nerves
from the auriculo-temporal branch of the trigeminal and from the auricular Ijranch of the vagus

;

the medial surface, from the tympanic branch of the glossopharyngeal.

Antrum Tympanicum et Cellul.^ Mastoide^e.

Antrum Tympanicum.

—

The tympanic antrum (O.T. mastoid antrum) is an air-

space situated above and behind the tympanic cavity. It is nearly as large in the

new-born child as in the adult. In the adult its measurements are—length from

Tympanic antrum, the medial
wall of which is related to the

lateral semicircular canal

Medial iiart of posterior wall of external
acoustic meatus left m situ

Points to the recessus epitympanicu.s

Fenestra cochleae

Mastoid air-cells

Facial canal laid open, displaying the facial nerve within

Fig. 712.

Preparation to display the position and relations of the tympanic antrum. The greater part of the po.sterior

wall of the external acoustic meatus has been removed, leaving only a bridge of bone at its medial ex-

tremity ; under this a Ijristle is disjdayed, passing from the tympanic antrum through the iter to the

cavity of the tympanum.

12 to 15 mm., height from 8 to 10 mm., and width from 6 to 8 mm. It is roofed

in by the teginen tympani, and its floor and medial wall are formed by the pars

petrosa and pars mastoidea of the temporal bone, while laterally it is closed by
the junction of the thin outer part of the squama with the pars mastoidea. It

communicates with the epitympanic recess by a triangular or rounded opening,

on the medial wall of which, immediately above and behind the. canalis facialis, is

a smooth, convex area of bone indicating the position of the ampullated extremities

of the superior and lateral semicircular canals. At birth the lateral wall of the

antrum has a thickness of only 1-2 mm., but by the ninth year this has increased

to about 10 mm. Coincident with the growth of the mastoid process the mastoid

air-cells are developed downwards and backwards as diverticula from the antrum,
and present the greatest possible variation in different skulls.

Cellulae Mastoideae.

—

The mastoid air-cells may be large, comparatively few

in number, and involve the whole mastoid process, in which case the compact
bone surrounding them is extremely tliin, and the innermost cells are separated
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from the transverse sinus by a transparent lamella vviiicli, in some instances, is

partly deficient. In other cases the cells may be small and numerous, invading

only a portion of the ]»roce?8, tiio reniainder consisting of diploiitic tissue

;

occasionally a solid mastoid is met with. No definite conclusion can be formed

as to their condition by external percussion or examination. The air-cells are

not limited to the mastoid portion of the temporal bone, but extend forwards over

the roof of the meatus, upwards towards the squama temporalis, and medially towards

the temporo-occipital suture ; occasionally they invade the pars jugiilaris of the

occipital bone. Tiie tympjinic antrum and tlie mastoid air-cells are lined with

thin mucous membrane, continuous with that of the tymi^anic cavity; the deep

surface of the mucous membrane is fixed to the periosteum ; its free surface is

covered with a kyer of flattened, non-ciliated epithelium.

Tuba Auditiva.

The auditory tube (O.T. Eustachian tube) leads from the tympanic cavity to

the nasal part of the pharynx, and transmits air to the former, in order that the

pressures on the medial and lateral surfaces of the membrana tympani may be

equalised ; it may also serve to convey mucous secretion from the tympanic cavity.

Its tympanic orifice (Fig. 709) opens into the anterior part of the tympanic cavity,

below the semicanal for the tensor tympani muscle. Directed downwards and medial-

wards, the tube ends on the upper part of the nasal part of the pharynx by a wide

pharyngeal orifice (Fig. 674, p. 803). It measures about 35 mm. in length, and forms

with the horizontal plane au angle of 30° to 40°, with the sagittal plane an angle

of about 45°, and with the bony part of the external acoustic meatus an angle of 135°

to 140°. It consists of two portions : (a) an an tero-medial, the pars cartilaginea

tubae auditivae, having a length of about 25 mm. ; and (b) a postero-lateral, the

pars ossea tubae auditivae, measuring about 10 nun. in length. The two portions are

not in the same plane, the cartilaginous part inclining downwards a little more
than the osseous portion, and forming with it a wide angle. The lumen of the tube

is widest at the pharyngeal orifice, narrowest
at the junction of the bony and cartilaginous

portions, forming here the isthmus, and
again expanding towards the tympanic
cavity ; hence it presents, on longitudinal

section, somewhat the appearance of an
hour-glass. The pars ossea occupies the

angle between the tympanic part and the

petrous part of the temporal bone, and is

separated by the septum canalis musculo-
tubarii from the semicanal containing the

tensor tympani muscle ; medial to it is the
carotid canal. The pars cartilaginea con-
sists partly of cartilage and partly of

fibrous membrane. The cartilage of the

auditory tube is an elongated triangular

plate, of which the apex is firmly attached
to the medial end of the pars ossea, while
the base is free, and forms a projection on
the upper and posterior aspects of the
pharyngeal orifice. The upper edge of this

cartilaginous plate is bent laterally in the
form of a hook, and so produces a furrow
open below, the furrow being converted into a complete canal by the membranous
lamina of the tube. On transverse section (Fig. 713) the cartilage presents two
laminae continuous with eacii other superiorly : («) lamina medialis, broad and
thick ; and (6) lamina lateralis, thin and hook-shaped. At the pharyngeal orifice

the lamina medialis forms the entire medial wall of the tube, but it gradually
diminishes in breadth on approaching the isthmus tubse. Fissures are often seen
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Mucous
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Fio. 713.

—

Transverse Section of thb
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838 THE OEGANS OF SENSE.

in the cartilage; sometimes it is completely separated into several pieces, or

accessory islands may be observed in the roof, floor, or membranous lamina.

The upper and medial surfaces of the medial lamina are firmly fixed to the base

of the skull, where it lies in a groove, the sulcus tubse auditivse, between the great

wing of the sphenoid and the petrous part of the temporal. Extending forwards

on to the root of the pterygoid process this sulcus ends at a projection, the processus

tubarius, on the medial pterygoid lamina. The tensor veli palatini muscle lies on

the lateral side of the tube and receives some fibres of origin from its lamina

lateralis; these fibres constitute the dilatator tubse muscle (Eiidinger). On the

medial side of the cartilage are the levator veli palatini and the mucous membrane
of the pharynx. The membranous lamina consists of a strong fibrous membrane,
stretching between the two edges of the cartilage, and so. completing the lower and
lateral walls of the tube. Thin above, it becomes thickened below and forms the

fascia salpingopharyngea of Troltsch, which gives origin to some of the fibres of the

tensor veli palatini muscle. Between this fascia and the mucous lining of the tube

is a layer of adipose tissue.

The pharyngeal orifice of the auditory tube, triangular or oval in shape, is situated

on the lateral wall of the nasal part of the pharynx, the centre of the opening

being on a level with the posterior end of the inferior nasal concha. It is

bounded above and beliind by a pad, the torus tubarius, produced by the base of

the cartilage, which there abuts against the mucous membrane ; the posterior part

of the torus is very prominent and forms the anterior boundary of the pharjmgeal

recess. Prolonged downwards from it is an elevation of the mucous membrane,
termed the plica salpingopharyngea, which covers the small salpingopharyngeus

muscle. From the upper part of the torus an indistinct fold, the plica salpingo-

palatina, extends to the palate. ^ .

The mucous lining of the tube is continuous behind with that of the tympanic
civity, and in front with that of the nasal part of the pharynx. It is thin in the

pars Oisea, contains few, if any, macous glands, and is firmly fixed to the bony wall

;

in the pars cartilaginea it is loose and thrown into longitudinal folds. Numerous
mucous glands open into the tube near its pharyngeal orifice, and here also exists

a considerable amount of adenoid tissue, which constitutes the " tube-tonsil " of

Gerlach. This adenoid tissue is continuous with that of the nasal part of the

pharynx, and, like it, is especially well developed in children. The lumen of the

tube is lined with ciliated columnar epithelium.

The tube is opened, during deglutition, by the dilatator tubse and salpingo-

pharyngeus muscles. The former springs superiorly from the cartilaginous hook of

the tube, and blends inferiorly with the tensor veli palatini. When the dilatator

tubse contracts, the cartilaginous hook and the membranous lamina of the tube are

drawn lateralwards and forwards. Some anatomists believe that the entire tensor veli

palatini acts chiefly as a dilator of the tube, and Rlidinger named it the abductor

tubee. The salpingopharyngeus muscle draws downwards and backwards the

medial lamina, increasing the angle between it and the lateral lamina. Some
difference of opinion exists as to the precise action of the levator veli palatini;

probably it assists in opening the tube.

The aiiditoiy tube receives its blood-supjily from the ascending pharyngeal artery, and from
the middle meningeal arteiy and the artery of the pterygoid canal, Loth of wliich are branches
of the internal maxillary artery. Its veins form a network which drains into the jiterygoid

venous plexus. The sensory nerves of the tube are derived from tlie tympanic plexus and from
the pharyngeal branch of the epheno-palutine ganglion.

The auditory tube of the child differs considerably from that of the adult; its lumen is

relatively wider, its direction more horizontal, and its pars ossea relatively shorter. Kunkel
states that its pharyngeal orifice is below the level of the hard palate in the foetus ; at birth

it is on the same level as the palate, whilst at the fourth year it is 3 to 4 mm., and in the adult

10 mm., above it. In the child the i>haryngeal orifice forms a narrow fissure, and its cartilage

projects less towards the middle line.

OSSICULA AUDITUS.

The auditory ossicles form an articulated column connecting the lateral

with the medial wall of the tympanic cavity ; they are named, from without
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inwards, tho uiallous, incus, and Rtapen. The first is attached to the medial
surface of the nioniltrana tynipani ; tlie last is fixed within the circumference of
the fenestra vcstihiili.

The malleus (Fig. 714, B, D), the largest of the three ossicles, has a length of

8 to 9 mm, and consists of a head, a neck, a manubrium, and two processes, viz. :

« |{ E

Fi(!. 711.—Auditory Ossicles of Left Ear (enlarged about three times).

A, Incus, seen from the front ; B, Malleus, viewed from behind
; C, Incus, and D, Malleus, seen from medial

aspect ; E, Stapes.

1. Body of incus, with articular
surface for head of malleus.

2. Crus Ionium.
3. Processu.s lenticularis.

4. Articular surface for incus.

5. Head of Mallous.
6. Xeck of Malleus.

7. Proce.ssus lateralis.

8. Manubrium.
9. Body of incu.s.

10. Crus breve.
11. Crus longum.
12. Processus anterior.
13. Head of malleus.

14. Facet for incus.
15. Manubrium.
Hi. Head of stapes.
17. Neck.
18. Cms anterius.
10. Crus posterius.
20. Base.

(a) processus anterior, (b) processus lateralis. The liead and neck are situated in
the epitympanic recess ; the processus lateralis and manubrium are fixed to the
medial surface of the membrana tympani; while the processus anterior is directed for-
wards, towards the petro-tympanic fissure, to which, in the adult, it is connected by
ligamentous fibres. The head, somewhat rounded, is smooth ancl convex above and
in front, and presents, on its posterior surface, a facet for articulation with the body

Recessus epitympanicus

Body of incus

Crus breve of incus

Ligament of incus

Chorda tympani nerve

Eminentia pyraniid-
alis, with tendon of
ni. stapedius issuing

from it

Superior ligament of malleus

Head of malleus

Anterior ligament of malleus

Manubrium mallei

Base of stapes

~ f' C '^' M- tensor tynqiani

*"'Q''i'^^

Fic. 715.

—

Left Membrana Tympani and Chain of Auditory Ossicles (seen from the medial aspect), x 3.

of the incus. This facet is directed obliquely downwards and medialwards, and is

more or less elliptical in form. It is constricted near the middle so as to resemble,

somewhat, the figure 8 ; an oblique ridge, corresponding with the constriction,

divides the facet into two parts—an upper and larger, directed backwards, and a
lower and lesser, directed medialwards. Opposite the lower part of the constriction

the inferior edge of the facet is very prominent, and is continued upwards into the
oblique ridge just referred to; it forms a tooth-like process, the spur or cog-tooth of
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the malleus. On the back of the head, below this spur, is an oblique crest, the crista

mallei, to which is attached the lateral ligament of the malleus. The neck is the

shL^itlj constricted portion immediately below the head. Flattened from before

backwards, its lateral surface is directed towards the membrana flaccida, whilst its

medial surface is crossed by the chorda tympani nerve. The manu^brium or handle

is directed downwards, backwards, and medialwards from the neck, forming with the

long axis of the head an angle of 126° to 150°. Its upper part is flattened from

before backwards, but towards the lower end it is twisted on itself, so that its

surfaces look laterally and medially ; moreover, the lower end is slightly curved,

the concavity being directed forwards and laterally. It is fixed, along its entire

length, to the membrana propria of the tympanic membrane by its periosteum and

by a layer of cartilage (Gruber). The cartilage intervenes between the manubrium
and the membrane, and must be regarded as a residue of that stage of development

when the entire malleus was cartilaginous. On the medial surface of the manubrium,

near its upper extremity, is a slight projection for the attachment of the tendon of

the tensor tympani muscle. The processus anterior, a slender spicule, springs from

the front of the neck and is directed forwards, towards the petro-tympanic fissure.

In the fcetus it is the longest process of the malleus, but in the adult it usually

assumes the form of a small projection, since its anterior part is replaced by

ligamentous tissue. The processus lateralis may be looked upon as the upper

extremity of the manubrium projected laterally ; it is fixed to the upper part of the

membrana tympani by the cartilaginous layer already referred to, and to the

extremities of the notch of Eivinus by the anterior and posterior malleolar plicae.

The incus (Fig. 714, A, C) may be likened to a prsemolar tooth with widely

divergent roots. It consists of a body, a crus longum, and a crus breve ; the crura

form with each other an angle of 90° to 100°. The body and crus breve are situated

in the recessus epitympanicus. The body presents a more or less saddle-shaped

surface for articulation with the head of the malleus. This surface is directed

forwards, and its lower part is hollowed out for the accommodation of the cog-tooth

of the malleus ; in front of this hoUow it is prominent and spur-like. The crus

breve is thick, triangular in shape, and projects horizontally backwards ; its conical

extremity, covered with cartilage, is received into the fossa incudis in the postero-

inferior part of the epitympanic recess. The crus longum projects, almost per-

pendicularly, downwards from the body into the tympanic cavity, where it lies

parallel with, but 1-25 mm. behind and medial to, the manubrium mallei. Its lower

end is bent medialwards and narrowed to form a short neck, on the end of which

is a small knob of bone, the processus lenticularis, for articulation with the head

of the stapes. Until the sixth month of foetal life this process exists as a separate

ossicle, termed the os orbiculare.

The stapes (Fig. 714, E) consists of a head, a neck, two crura, and a base.

The head, directed lateralwards, is concave for articulation with the processus

lenticularis of the incus. The neck is slightly constricted, and from it the two

crura spring ; the tendon of the stapedius is inserted into the posterior aspect of

the neck. The crus anterius is shorter and less curved than the crus posterius.

Diverging from each other, the crura are directed medialwards and are attached—one

near the anterior, the other near the posterior end of the base. The base almost

completely fills the fenestra vestibule, and, like it, is somewhat oval or reniform,

its anterior end being the more pointed. In the recent condition a membrane fills

the arch formed by the crura and the base, the crura being grooved for its reception.

In the child the crura of the stapes are less curved than in the adult, and the

opening bounded by them and the base is nearly triangular.

Articulations of the Auditory Ossicles.—The incudo-malleolar joint between

the head of the malleus and the body of the incus is diarthrodial, and may be

described as one of reciprocal reception. It is surrounded by an articular capsule,

and from the inner surface of the fibrous stratum a wedge-shaped meniscus projects

into the joint cavity and incompletely divides it. The incudo-stapedial articulation

between the processus lenticularis and the head of the stapes is of the nature of

an enarthrosis and is surrounded by an articular capsule. An interarticular

cartilage has been described as occurring in this joint, while some observers deny

I
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the presence of a synovial cavity and regard the articulation as a syndesmosis, the

articular surfaces ])eing held together by fibrous tissue.

Ligamenta Ossiculorum Auditus.—'J'he malleus is attached to the walls of the

tymjjanic cavity liy tliree liganuMits (Fig. 715), viz. : anterior, 8up(!rior, and lateral.

The anterior ligament consists of two portions : (a) the hand of Meckel, which is

attached to the base of the processus anterior, and passes i'orwards, through the petro-

tympanic iissure, to reach the spine of the sphenoid ; it represents the remnant
of a portion of Meckel's cartilage, and was formerly described as the laxator tympani
muscle

; (6) a firm bundle of fibres, the anterior ligament of Helmholtz, which
extends from the spina tympanica anterior at the anterior boundary of the notch

of Kivinus to the anterior surface of the malleus, above the base of theprocessus

anterior. The superior ligament stretches, almost vertically, from the head of the

malleus to the roof of the epitympanic recess. The lateral ligament is short and
fan-shaped ; its fibres converge from the posterior half of the notch of Rivinus to

the crista mallei. The posterior part of this ligament is strong and constitutes

the 'posterior ligavient of Helmlioltz ; it forms, together with the anterior ligament

of the malleus, the axis around which the malleus rotates, and the two constitute

what Helmholtz termed the " axis-ligament " of the malleus.

The posterior extremity of the crus breve of the incus is tipped with cartilage

and fixed by means of a hgament to the fossa incudis (Fig. 715). Some observers

describe this as a diarthrodial joint. The vestibular surface and the circum-

ference of the base of the stapes are covered with hyaline cartilage, and a similar

layer lines the opening of the fenestra vestibuli ; that encircling the base of the

stapes is joined to tl)at lining the fenestra by a dense ring of elastic fibres,

named the ligamentum annulare baseos stapedis. The posterior fibres of this

Hgament are thicker and shorter than the anterior, and thus during the movements
of the stapes, the anterior end of its base is free to make greater excursions than
the posterior.

Development of the Auditory Ossicles.—It is generally maintained that the

malleus and incus are developed from tlie upper end of Meckel's cartilage, and that the

stapes arises from the mesoderm in the region of the fenestra vestibuli, where it is developed
around a small artery, the stapedial artery, which atrophies in man, but persists in many
mammals. On the other hand, Gadow {Phil. Trans., London, vol. clxxix.) says "the whole
system of the one to four elements of the middle ear, which have all the same function,

is to be looked upon as one organ, of one common origin, viz., a modification of the hyo-
mandibular, the proximal paramere of the second visceral arch." Ossification commences
in all three bones about the third month of foetal life. The malleus is ossified from two
centres, one for the head and manubrium, and one for the processus anterior ; the incus

from two centres, one for the body including the crura, and a second for the processus

lenticularis ; the stapes from one centre which appears in the base.

Muscles of the Tympanic Cavity.—These are two in number, viz., m. tensor

tympani and m. stapedius.

The m. tensor tympani is the larger, and takes origin from the roof of the carti-

laginous part of the auditory tube, from the adjacent part of the great wing of the

sphenoid, and from the bony canal in which the muscle lies. The muscle ends in a

tendon which bends laterally, nearly at a right angle to the belly of the muscle,

round the pulley-like posterior extremity of the septum canalis musculotubarii.

Passing across the tympanic cavity this tendon is inserted into the medial edge

and anterior surface of the manubrium mallei, near its upper end. When the

muscle contracts it draws the manubrium of the malleus towards the tympanic cavity,

and so renders tense the membrana tympani ; it probably also slightly rotates the

malleus around its long axis. It receives its nerve from the motor division of the

trigeminal nerve, through the otic ganglion.

The m. stapedius arises within the eminentia pyramidalis, and from the canal

which prolongs the hollow of the pyramidal eminence downwards. Its tendon
emerges from the apex of the eminence and is inserted into the posterior surface

of the neck of the stapes. On contraction it draws back the head of the stapes,

and so tilts the anterior end of the base towards the tympanic cavity and the
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posterior end towards the labyrinth, thus rendering tense the ligamentum annulare

—the lateral movement of the anterior end of the base being greater than the

medial movement of its posterior end. The muscle is supplied by the facial nerve.

Movements of the Auditory Ossicles.—The manubrium mallei follows all the

movemeuts of the membrana tympani, while the malleus and incus move together around

an axis extending forwards through the cms breve of the incus and the anterior

ligament of the malleus. When the membrana tympani moves medialwards it carries with

it the manubrium mallei, while the iucus, moving medialwai-ds at the same time, forces the

base of the stapes towards the labyrinth. This movement is communicated to the fluid

(perilymph) in the labyrinth, and causes a lateral bulging of the secondary tympanic

membrane, which closes the fenestra cochleae. These movements are reversed when the

membrana tympani is relaxed, unless the lateral movement of, the membrane is excessive.

In such a condition the incus does not follow the full movement of the malleus, but

merely glides on this bone at the incudo-malleolar joint, and thus the forcible dragging

of the base of the stapes out of the fenestra vestibuli is prevented. The cog-tooth

arrangement, already described, on the head of the malleus and body of the incus, caiises

the incudo-malleolar joint to become locked during the medial movement of manubrium
mallei, the joint becoming unlocked during its lateral movement.

Tunica Mucosa Tympanica.—The mucous lining of the tympanic cavity is

continuous, through the auditory tube, with that of the nasal part of the pharynx

;

it extends backwards also and lines the tympanic antrum and the mastoid air-cells.

Thin, transparent, and closely united with the subjacent periosteum, it covers the

medial surface of the membrana tympani and is reflected over the auditory ossicles

and their ligaments. It also supplies sheaths for the tendons of the tensor tympani
and stapedius muscles, and forms the following folds, viz. : (a) one from the roof of

the recessus epitympanicus to the head of the malleus and body of the incus

;

(h) one enveloping the chorda tympani nerve and crus longum of the incus
;

(c) two
extending from the processus lateralis mallei—one to the anterior, the other to the

posterior margin of the notch of Kivinus. A recess, the poucli of Prussak, is situated

between the membrana flaccida and the neck of the malleus. Communicating
behind mth the tympanic cavity, this pouch may serve as a reservoir to confine

pus or other fluid, since its opening into the tympanic cavity is above the level

of its floor, a condition analogous to the opening from the maxillary sinus into the

nasal cavity. The fold of mucous membrane which extends downwards to envelop

the chorda tympani nerve gives rise to two pouches, one in front of, and the other

behind, the manubrium mallei ; these are named the anterior and posterior recesses

of Troltsch. The epithelium which lines the mucous membrane is flattened over the

membrana tympani, promontory, and auditory ossicles, but ciliated and columnar

over the greater portion of the rest of the cavity.

Vessels and Nerves of the Tympanic Cavity.—The arteries supplying the tympanic
cavity are : (1) The anterior tympanic artery, a branch of internal maxillary, which reaches the

cavity by way of the petro-tympanic fissure. (2) The stylo-mastoid branch of posterior auricular,

which passes through the stylo-mastoid foramen and the facial canal ; it supplies branches to the

tympanic antrum and mastoid air-cells, to the stapedius muscle, to the floor and medial wall of

the tympanic cavity, and forms an anastomotic circle, around the membrana tympani, with the

anterior tympanic artery. (3) The middle meningeal artery sends a branch to the tensor tympani
muscle, and, after entering the skull, gives off its petrosal artery, which is conducted to the

tympanic cavity along the hiatus canalis facialis ; some twigs from the posterior division of the

middle meningeal reach the tympanic antrum and epitympanic recess through the petro-

squamous fissure. (4) The internal carotid artery, in its passage through the canal in the

temporal bone, gives off one or two tympanic twigs, while (5) a branch from the ascending

pharyngeal accompanies the tympanic nerve. The veins drain into the pterygoid plexus, and the

superior petrosal sinus. The lymph vessels form a network in the mucous membrane and end
mainly in the retro-phaiyngeal and parotid lymph glands. The nerves supplying the muscles

of the tympanic cavity have already been referred to (pp. 832, 834). The mucous membrane
receives its nerves from the tympanic plexus, which is described on p. 786. The chorda tympani
branch of the facial nerve passes from Vjehind, upwards, and forwards through the tympanic
cavity. Its course is described on p. 782.

Early Condition of Tympanic Cavity.—During the greater part of intra-uterine existence

the tympanic cavity is almost completely filled by a soft, reddish, jelly-like embryonic tissue

in which there is a slit-like space lined with epithelium. Towards the end of foetal life this tissue

di.sappears and at birth the cavity is filled with fluid which becomes absorbed, after the entrance

of air from the nasal part of the pharynx through the auditory tube.
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AURIS INTERNA.

The internal ear or essential part of the organ of liearing is situated in the

substance of the petrous part of the temporal bone, and consists of two sets of

structures, viz. : (1) a series of passages hollowed out of the bone and constituting

the osseous labsninth ; these are continuous with each other, and are named
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AnipuUa of Hiijierior I

seuiicirculur canal

Caiiali-s facialis

Uecessus ellipticus

Crista vcstibuli

Rfcessus splm-ricus

Cochlea

Fenestra cochleae

Fenestra vestibuli

Ampulla of posterior serai-

circular caual |

Ampulla of lateral semi-
circular canal

Posterior semi-
circular canal

Crus commune

Scala tympani

Lamina spiralis ossea

Scala vestibuli
Opening of aquasductus

cochlea

Fenestra cochleie |

Recessus cochlearis

I

Opening of cms commune
Opening oraquafductus vpstibuli

Lateral semicircular canal

Fig. 716.
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Left Bony Labyhinth
(viewed from the lateral aspect).

Fio. 717.

—

Interior of Left Bony Labyrinth
(viewed from lateral aspect).

from before backwards the cochlea, vestibule, and semicircular canals (Figs. 716,

717) ; (2) a complex arrangement of membranous channels (Fig. 720), situated
within, but not nearly filling, the bony labyrinth and forming the membranous
labjrrinth. These channels are named the du'ctus cochlearis, the utricle, the saccule,

and the semicircular ducts ; the utricle and saccule are lodged within the vestibule.

LABYRINTHUS OSSEUS.

Vestibulum.—The vestibule is the central portion of the osseous labyrinth, and
communicates Ijehind with the semicircular canals and in front with the cochlea. It

is somewhat ovoid in shape, its long axis being directed forwards and lateralwards

;

it measures about 6 mm. antero-posteriorly, 4-5 mm. vertically, and about 3 mm.
transversely. Its lateral wall is directed towards the tympanic cavity, and in it

is the fenestra vestibuli, which is closed by the base of the stapes. Its medial
wall corresponds with the bottom of the internal acoustic meatus, and presents, at

its antero-inferior part, a rounded depression, the recessus sphaericus, which lodges

the saccule. This recess is perforated by twelve or fifteen small foramina (macula
cribrosa media), which transmit the filaments of the acoustic nerve to the saccule.

The recessus sphtericus is limited above and behind by an oblique ridge, the crista

vestibuli, the anterior extremity of which is triangular in shape and named the
pyramis vestibuli. Posteriorly this crista divides into two limbs, between which is

a small depression, the recessus cochlearis, perforated by about eight small fora-

mina, which give passage to the nervous filaments supplying the vestibular end of

the ductus cochlearis. Above and behind the crista vestibuh, in the roof and
medial wall of the vestibule, is an oval depression, the recessus ellipticus, which
lodges the utricle. The pyramis vestibuli and adjacent part of the recessu.s ellipticus

are perforated by twenty-five or thirty small apertures (macula cribrosa superior).

The foramina in the pyramis vestibuli transmit the nerves to the utricle ; those in

the recessus ellipticus, the nerves to the ampullae of the superior and lateral

semicircular ducts. Behind and below the recessus ellipticus is a furrow, gradually
deepening to form a canal, the aquaeductus vestibuli, which passes backwards through
the petrous part of the temporal bone, and opens, as a slit-like fissure, about
midway between the internal acoustic meatus and the groove for the transverse
sinus. This aqueduct measures 8-10 mm. in length, and gives passage to the
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ductus endolymphaticus and a small vein. The posterior part of the vestibule

receives the five rounded apertures of the semicircular canals ; its anterior part

leads, by an elliptical opening, into the scala vestibuli of the cochlea. This opening

is bounded interiorly by a thin osseous plate, the lamina spiralis ossea, which
springs from the floor of the vestibule immediately lateral to the recessus

sphcericus, and forms, in the cochlea, the bony part of the septum between the scala

tympani below and the scala vestibuli above. From the anterior part of the floor

of the vestibule a narrow cleft, the fissura vestibuli, extends forwards into the bony
canal of the cochlea. It is bounded internally by the lamina spiralis ossea, and
externally by a second, smaller lamina, the lamina spiralis secundaria, which
projects from the outer wall of the cochlea. These two lamina are continuous

with each other round the posterior extremity of the fissura vestibuli.

Ganales Semicirculares Ossei.—The osseous semicircular canals (Figs. 716, 717),

tliree in number, are situated above and behind the vestibule. They are dis-

tinguished from each other by their position, and are named superior, posterior,

and lateral. They open into the vestibule by five apertures, since the medial end
of the superior and the upper end of the posterior join to form a common canal

or crus commune. Differing slightly in length, each forms about two-thirds of

a circle, one extremity of which is dilated and termed the osseous ampulla.

They are somewhat compressed from side to side, and their diameter is from 1 to

1'5 mm., whilst that of the ampullae is about 2 mm.
The superior semicircular canal, 15 to 20 mm. in length, is vertical and placed

transversely to the long axis of the petrous part of the temporal bone. Its

convexity is directed upwards, and its position is indicated on the anterior surface

of the petrous part of the temporal bone by the arcuate eminence. Its ampulla is

anterior and lateral, and opens into the vestibule immediately above that of the

lateral canal. Its opposite extremity joins the non-ampuUated end of the posterior

canal to form the crus commune, which is about 4 mm. in length, and opens into

the upper and medial part of the vestibule. The posterior semicircular canal is

the longest and measures from 18 to 22 mm. Its ampulla is placed inferiorly, and
opens into the lower and back part of the vestibule, where may be seen about

six or eight small apertures (macula cribrosa inferior), for the transmission of the

nerves to this ampulla. Its upper extremity ends in the crus commune. The
lateral canal is the shortest; it measures from 12 to 15 mm., and arches nearly

horizontally. Of its two extremities the lateral is ampullated, and opens into the

vestibule immediately above the fenestra vestibuli and in close relationship to

the ampullary end of the superior canal.

Crum Brown (Joiorn. Anat. and Physiol., London, vol. viii.) pointed out that the lateral

canal of one ear is very nearly in the same plane as that of the other ; while the superior canal

of one ear is nearly parallel to the posterior canal of the other.

Cochlea.^—When freed from its surroundings the cochlea assumes the form of

a short cone (Fig. 720) ; the central part of its base corresponds with the bottom
of the internal acoustic meatus, whilst its apex or cupula is directed forwards

and laterally, and comes into close relation with the semicanal for the tensor

tympani muscle. It measures about 9 mm. across the base and about 5 mm.
from base to apex, and consists of a spirally arranged tube, which forms from

2 1 to 2 1 coils around a central pillar, termed the modiolus. The length of the tube

is from 28 to 30 mm., and its diameter, near the base of the cochlea, 2 'mm. Its

coils are distinguished by the terms basal, central, and apical ; the first, or basal

coil, gives rise to the promontory on the labyrinthic wall of the tympanic cavity.

The modiolus is about 3 mm. in height, and diminishes rapidly in diameter from
base to apex, while its tapered extremity fails to reach the cupula by a distance of

1 mm. Its base corresponds with the area cochleae on the fundus of the internal

acoustic meatus, and exhibits the tractus spiralis foraminosus, which transmits the

nerves for the basal and central coils of the cochlea and the foramen centrale, which
gives passage to the nerves for the apical coil. The foramina of the tractus spiralis

foraminosus traverse the modiolus, at first parallel to its long axis, but, after a

^ In the following description the cochlea is supposed to be placed on its base.
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varying distance, they bend outwards to reach the attached edge of the lamina

spiralis ossea, where they expand and form by their apposition a spiral canal, the

canalis spiralis cochlea, which lodges the ganglion spirale cochleae. From this spiral

canal numerous small foramina, for the transmission of vessels and nerves, pass

outwards to the free edge of the lamina spiralis ossea. The lamina spiralis ossea,

a thin, Hat shelf of bone, winds round the modiolus like the thread of a screw, and,

projecting about half-way into the cochlear tube, incompletely divides it into two
passages—an upper is named the scala vestibiili ; a lower, the scala tsnnpani. The
lamina spiralis ossea begins at the iloor of the vestibule, near the fenestra cochleie,

and ends close to the apex of the cochlea in a sickle-shaped process, the hamulus

laminae spiralis, which assists to bound an aperture named the helicotrema. In the
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basal coil the upper surface of the lamina spiralis ossea forms almost a right angle

with the modiolus, but the angle becomes more and more acute on ascending the

tube. In the lower half of the basal coil a second smaller bony plate, the lamina

spiralis secundaria, projects from the outer wall of the cochlea towards the lamina
spiralis ossea, without, however, reaching it. If viewed from the vestibule the

slit-like fissura vestibuli, already referred to (p. 844), is seen between the two
laminae. A membrane, the membrana basilaxis, stretches from the free edge of the

lamina spiralis ossea to the outer wall of the cochlea, and completes the septum
between the scala vestibuli and scala tympani, but the two scalae communicate
with each other through the opening of the helicotrema at the apex of the cochlea.

The scala tympani begins at the fenestra cochleae, which is closed by the secondary

tympanic membrane (vide p. 833). At the commencement of the scala tympani
a crest, termed the crista semilunaris, stretches

from the attached margin of the lamina
spiralis ossea towards the orifice of the fenestra

cochleje. Close to this crest is seen the inner

orifice of the aquseductus cochleae, a canal

measuring from 10 to 12 mm. in length, and
opening on the under surface of the petrous

part of the temporal bone medial to the

fossa jugularis. Through it a communica-
tion is established between the scala tympani
and the subarachnoid cavity, and through
it, also, a small vein passes to join the inferior

petrosal sinus. The scala vestibuli, the higher

of the two passages, begins in the vestibule
;

its diameter in the basal coil is less than that

of the scala tympani, but in the upper coils

it exceeds that of the scala tympani.

Meatus Acusticus Internus. — It is

convenient, at this stage, to study the fundus of the internal acoustic meatus,

which has been referred to as forming the medial wall of the vestibule and the

Foramen sinjiulare

Area vestibul.iris inferior

I Tractus spiralis
I foraminosus
Foramen centrale

Fig. 719.

—

Bottom ok Inteknal Acocstic
Meatus divided into Upper and Lower
Areas by the Crista Transversa.
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base of the modiolus. It is divided by a transverse ridge, the crista transversa,

into two parts—an upper or fossula superior and a lower or fossula inferior. The
anterior part of the fossula superior is termed the area n. facialis and exhibits a

single large opening, the commencement of the facial canal, for the transmission of

the facial nerve. Its posterior part is named the area vestibularis superior, and is

perforated by the nerves for the utricle and the ampullse of the superior and lateral

semicircular ducts. The anterior part of the fossula inferior is termed the area

cochleae, and consists of the canalis centralis and the surrounding tractus spiralis

foraminosus, for the passage of the nerves to the cochlea. Behind the area cochleae,

and separated from it by a ridge, is the area vestibularis inferior, which is pierced

by the nerves to the saccule ; at the posterior part of the fossula inferior is the
foramen singulare, which gives passage to the nerves for. the ampulla of the posterior

semicircular duct.

Saccule

Ductus
cochlearis

Ductus reuniens
Ductus

endolymphaticus

Ampulla of posterior duct

Saccus endolyrnphaticus

Ampulla of superior
semicircular duct

Ampulla of lateral

duct

Crus commune
Ductus
utriculosaccularis

Sinus inferior

Fig. 720.

—

Diagrammatic Representation of the Different
Parts of the Membranous Labyrinth.

LABYEINTHUS MEMBEANACEUS.

The membranous labyrinth (Fig. 720) is contained within the bony labyrinth,

but does not nearly fill it. It contains a fluid termed endolympb, while the interval

between it and the bony labyrinth is named the perilymphatic space, and is occupied

by a fluid termed perilymph. The perilymphatic space in the vestibule is continuous

behind with the perilymphatic space of the semicircular canals, and opens in front

into the scala vestibuH. At the apex of the cochlea it is continuous, through the

. ,. helicotrema, with the scala
Recessus utnculi

,
• i • i • i ^ «»

tympani, which is shut on
from the tympanic cavity

by the secondary tympanic
membrane. The perilym-

phatic space is prolonged

into the aquseductus coch-

leae, at the extremity of

which it communicates
with the subarachnoid

cavity. The ductus semi-

circulares and the ductus
cochlearis follow the course

and lie along the inner surface of the outer walls of the corresponding bony
tubes. The bony vestibule, on the other hand, contains two chief membranous
structures, the utricle and saccule. The former receives the extremities of the

ductus semicirculares, whilst the latter communicates with the ductus cochlearis.

Moreover, the cavities of the utricle and saccule are indirectly connected, and

thus all parts of the membranous labyrinth communicate with each other, and
the endolymph is free to move from one portion to another. The vestibule

contains also the ductus endolymphaticus and the commencement of the ductus

cochlearis.

Utriculus.—The utricle, the larger of the two sacs (Fig. 720), occupies the

postero-superior portion of the vestibule. Its highest part, or recessus utriculi, lies

in the recessus ellipticus and receives the ampullae of the superior and lateral

semicircular ducts. Its central part receives on its lateral aspect the non-

ampullated end of the lateral semicircular duct, and is prolonged upwards and

backwards as the sinus superior, into which the crus commune of the superior and

posterior semicircular ducts open. The ampulla of the posterior semicircular duct

opens into the lower and medial part, or sinus inferior. The floor and anterior wall

of the recessus utriculi are thickened to form the macula acustica utriculi, to which

the utricular fibres of the acoustic nerve are distributed. Whitish in colour, and

of an oval or nearly rhombic shape, this macula measures 3 mm. in length and

23 mm. in its greatest Vjreadth.

Sacculus.—The saccule occupies the recessus sphsericus, in the lower and anterior

part of the vestibule (Fig. 717). Smaller than the utricle, it is of an oval shape and
measures 3 mm. in its longest, and about 2 mm. in its shortest diameter. It presents
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Wall of
bony canal

Epitlieliuin

Tunica

anteriorly an oval, whitish thickening, the macula acustica sacciili. This has a

breadth of about 1'5 mm., and to it the saccular fibres of the acoustic nerve are

distributed. The superior extremity of the saccule is directed upwards and back-

wards, and forms the sinus utricularis sacculi, which abuts against, but does not fuse

with, the wall of the utricle. From the lower part of the saccule a short canal,

the ductus reuniens (Henseni), opens into the ductus cochlearis, a short distance

in front of its vestibular extremity. A second small channel, the ductus

endolymphaticus, is continued from the posterior part of the saccule, and, passing

between the uiricle and the medial wall of the vestibule, is joined by a small canal,

the ductus utriculosaccularis, which arises from the medial side of the utricle. It

then enters and traverses the aquaeductus vestibuH and ends, under the dura mater
on the posterior surface of the petrous part of the temporal bone, in a dilated

blind extremity, termed the saccus endolymphaticus ; this, according to Riidinger, is

perforated )jy minute foramina, through which the endolymph may pass into the

meningeal lymphatics.

Tbe vestiliule also contains the vestibular extremity of the ductus cochlearis,

which lies immediately below the saccule in the recessus cochlearis.

The walls of the utricle and saccule are composed of connective tissue which
blends with the periosteal lining of the vestibule. It is modified medially to form

a homogeneous membrana propria, which is covered with a layer of pavement
epithelium and is thickened at the maculae acusticic. Towards the periphery

of the maculte the epithelium is cubical, while on them it is columnar.

The structure of the maculae in the utricle and saccule is practically the

same ; two kinds of cells are found, viz., (a) supporting cells, and (6) hair cells. The
supporting cells are some-

what fusiform, each con-

taining, near its middle.a

nucleus. Their branched,

deep extremities are at-

tached to the membrana
propria ; their free ends

lie between the hair cells

and form a tliin inner

limiting cuticle. The
hair cells are flask-shaped

and do not reach the

membrana propria, but

end in rounded extremi-

ties which lie between
the supporting cells.

Each contains, at its

deepest part, a large

nucleus, the rest of the

cell being granular and
pigmented. From the

free end of each there

projects a stiff, hair-like

process, which, on the

appUcation of reagents,

splits into several finer filaments. The nerve-fibres pierce the membrana propria,

and ramify around the deep extremities of the hair cells (Fig. 722). A collection

of small, rhombic crystals of carbonate of lime, termed otoconia, adheres to each

of the macular.

Ductus Semicirculares.—The semicircular ducts are ' elliptical on transverse

section (Fig. 721), and are attached to the walls of the bony canals. The convex

wall of each duct is fixed to the periosteal lining of the canal, whilst the opposite

part is free, except that it is connected by irregular ligamentous bands, which pass

through the perilymphatic space to the bony wall. Like the bony canals, each

of the semicircular ducts is dilated at one extremity into a membranous ampulla.

Lumen of semi-
circular duct

Periosteum

Fig. 721.

—

Transverse Section of Human Semicircular

Canal and Semicircular Duct (Riidinger).
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which is especially developed towards the concavity of the tube. The membranous
ampullffi nearly fill the corresponding portions of the bony tubes, but the diameter
of the semicircular ducts is only about one-fourth of that of the osseous canals.

Each semicircular duct consists of three layers, viz. : (a) an outer vascular
and partly pigmented fibrous stratum which fixes the duct to the bony wall;

Perilymphatic space

Macula acustica

Cuticular wall

Fibres of the ramus recessus utriculi

Fig. 722.

—

Vertical Section of the Wall of the Kecessus Utriculi with the Macula Acustica
AND THE bundles OF NERVE FIBRES.

(b) an intermediate, transparent tunica propria, presenting a number of papilliform
elevations which project towards the lumen. The fibrous layer and tunica propria
are thinnest along the attached surface of the duct, and in this region also the
papilliform elevations are absent; (c) an internal epithelial layer, composed of

pavement cells. In the ampullse the tunica propria is much thickened, and projects
into the cavity as a transverse elevation, termed the septum transversum, which,
when seen from above, is somewhat fiddle-shaped; its most prominent part is

covered by acoustic epithelium forming the crista ampuUaris, at each end of which
is a half-moon-shaped border of small columnar cells, the planum semilunatum. The
cells covering the crista ampullaris consist of supporting cells and hair cells, and
are similar in their arrangement to those in the maculse of the utricle and saccule;
the hairs of the hair cells are, however, considerably longer, and project as far as
the middle of the ampullary lumen. In fresh specimens they appear to end free,

but in hardened preparations are seen to terminate in a soft, clear, dome -like

structure, the cupula terminalis, which is striated, the strise converging towards its

concavity. The nerves form arborisations around the bases of the hair cells.

SCALA VESTIBULI

Membrana vestibularis

Membrana tectoria

Sulcus spiralis

internus

Inner hair cell

Outer hair cells

Membrana basilaris

SCALA TYMPANI

Fio. 723.

—

Section across the Ductus Cochlearis (Retzius).

. Ductus Cochlearis.—The ductus cochlearis (O.T. membranous cochlea or scala
media) is closed at both of its extremities; the lower extremity occupies the
recessus cochlearis of the vestibule and communicates with the saccule through the
ductus reuniens. It forms a spirally arranged canal inside the cochlea, and at
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Outer attaclinient of
tlie meiiibraiia

vestibularis

the apex of the latter its upper extremity, the lagena, or caecum capulare, is

fixed to the cupula and partly bounds the helicotrema. Ah already stated, the

membrana basilaris extends from the free edge of the lamina spiralis ossea to the

outer wall of the cochlea. A second, more delicate membrane, the membrana
vestibularis (O.T. membrane of Reissner), stretches from the thickened periosteum

covi'ritig the upper surface of the lamina spiralis ossea to the outer cochlear wall,

some little distance al)Ove the external attachment of the membrana Ijasilaris. A
canal is thus enclosed between the underlying scala tympani and the overlying

scala vestibuli, and constitutes the ductus cochlearis. Triangular on transverse

section, the duct possesses a roof, an outer wall, and a floor, and is lined throughout
with epithelium and filled with endolymph. On its floor the epithelium is greatly

modified, and there tlie endings of the cochlear nerve are found.

The roof or vestibular wall of the ductus cochlearis is formed by the mem-
brana vestibularis, a delicate, nearly homogeneous membrane, covered on each

surface by a layer of epithelium. Its entire thickness is about 3 /x.

The outer wall of the ductus cochlearis (Fig. 724) consists of the periosteal

lining of the l»ony cochlea, which, however, is thickened and greatly modified to

form the ligamentum spirale cochleae. Occupying the whole outer wall, this liga-

ment projects inwards interiorly as a

triangular prominence, the crista basilaris,

to which the outer edge of the membrana
basilaris is attached. In the upper part

of the ligamentum spirale the periosteum

is of a reddish-yellow colour, and contains,

immediately under its epithelial lining,

numerous small blood-vessels and capil-

lary loops, forming the stria vascularis.

The lower limit of this stria is bounded
by a prominence, the prominentia spiralis,

in which is seen a vessel, the vas pro-

minens, and between this prominence
and the crista basilaris is a concavity,

the sulcus spiralis extemus. The height

of the outer wall diminishes towards the

apex of the cochlea.

The floor or tympanal wall of the

ductus cochlearis is formed by the peri-

osteum covering that portion of the

lamina spiralis ossea whicii is situated

to the outer side of the membrana ves-

tibularis, and by the membrana basilaris,

which stretches from the free edge of

the lamina spiralis ossea to the crista

basilaris. On the inner part of the

membrana basilaris the complicated
structure termed the organon spirale

(O.T. organ of Corti) is situated. The
lamina spiralis ossea consists of two
plates of bone, between which are placed

the canals for the branches of the cochlear

nerve. On the upper plate the perios-

teum is thickened and modified to form
the limbus laminae spiralis, the outer ex-

tremity of which forms a C-shaped con-

cavity, the sulcus spiralis intemus. The
portions of the limbus which project

above and below this conca\'ity are

termed respectively the labium vestibulare and labium tympanicum. The latter is

perforated by about 4000 small apertures, the foramina nervosa, for the transmission

55

Fig. 724.

—

Transverse Section through Outer
Wall of Ductus Cochlearis (Schwalbe).
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of the cochlear nerves, and is continuous with the membrana basilaris. The upper

surface of the labium vestibulare presents a number of furrows crossing each other

nearly at right angles, and intersecting a series of elevations which, at the free

margin of the labium, form a row of tooth-like structures, about 7000 in number,

the auditory teeth of Huschke. Covering the limbus is a layer of apparently

squamous epithelium ; the deeper protoplasmic portions of the cells, however, with

their contained nuclei, lie in the intervals between the elevations and auditory

teeth. This layer of epithelium is continuous above with that covering the under

surface of the membrana vestibularis and below with that which lines the sulcus

spiralis internus.

Membrana Basilaris.—The inner part of this membrane is thin, and supports

the organon spirale ; it is named the zona arcuata, and reaches as far as the foot-

plate of the outer rod of Corti. Its outer part, extending from the foot-plate of

the outer rod of Corti to the crista basilaris, is thicker and distinctly striated,

and is termed the zona pectinata. The substantia propria of the membrane is

almost homogeneous, but exhibits, in its deeper part, numerous fibres. These fibres

are most distinct in the zona pectinata, and number, according to Eetzius, about

24,000. Covering the under surface of the membrana basilaris is a layer of con-

nective tissue, containing, in its inner part, small blood-vessels ; one of these is

larger than the others and lies below the tunnel of Corti, and is named the vas

spirale. The width of the membrana basilaris increases from 210 /* in the basal

coil to 360 /i. in the apical coil.

Organon Spirale (O.T. Organ of Corti) (Fig. 725).—Placed upon the inner

portion of the membrana basilaris, the organon spirale consists of an epithelial eminence

which extends along the entire length of the ductus cochlearis, and comprises the

following structures, viz. : (1) Corti's rods or pillars, (2) hair cells (inner and outer),

(3) supporting cells of Deiters, (4) the cells of Hensen and Claudius, (5) the lamina

reticularis, and (6) the membrana tectoria.

The rods of Corti form two rows, inner and outer, of stiff, pillar-like structures, and
each rod presents a base or foot-plate, an intermediate elongated portion, and an upper

Outer rod of Corti

Litnbus

Inner rod of Corti

Inner hair cell

Hensen's stripe

Membrana tectoria
Sulcus spiralis

lamina internus

spiralis

Outer hair cells

Cells of Hensen

[\ Membrana basilaris

Cells of Claudius

Inner spiral

fasciculus
Vas spirale Space of Nuel

Tunnel of Corti

Fig. 72.5.

—

Transverse Section of the Organon Spirale from the Central Coil
OF THE Ductus Cochlearis (Retzius).

end or head. The bases of the two rows are planted on the membrana basilaris some
little distance apart. The intermediate portions of the rods incline towards each other
and the heads come into contact, so that, between the two rows above and the membrana
basilaris below, a triangular tunnel, the tunnel of Corti, is enclosed ; this tunnel increases
both in height and width on passing towards the apex of the cochlea. The inner rods
number nearly 6000, and the head of each resembles somewhat the proximal end of the
ulna, presenting externally a deep concavity for the reception of a corresponding con-
vexity on the head of the outer rod. The part of the head which overhangs this concavity
is prolonged outwards, under the name of the head-plate, and overlaps the head of the
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outer rod. The expanded bases of the inner rods are situated on the innermost portion

of the menibrana basilaris, immediately to the outer side of the foramina nervosa of the

labium tympunicum. The intermediate parts of the inner rods arc sinuously curved, and
form with the membrana basilaris, an angle of about 60°. The outer rods number about
4000, and are longer than the inner, especially in the upper part of the cochlea. They are

more inclined towards the membrana basilaris, and form with it an angle of about 40°. The
head of each is convex internally, to fit the concavity on the head of the inner rod, and is pro-

longed outwards as a plate, the phalangeal process, which becomes connected with the lamina
reticularis ; in the head is an oval body which has an affinity for certain reagents. The
main part of each rod consists of a nearly homogeneous material, which is finely striated.

At the bases of the rods, on the side next Corti's tunnel, is a nucleated mass of protoplasm

which reaches as far as the heads of the rods, and covers also the greater part of the

tunnel floor ; this protoplasm may be regarded as the undifferentiated part of the cell from
which the rod was developed. Slit-like intervals, for the transmission of nerves, exist

between the intermediate portions of adjacent rods.

Hair Cells.—These, like Corti's rods, form two sets, inner and outer. The former
consists of a single row lying immediately internal to the inner rods—the latter of throe,

or, it may be, four rows placed to the outer side of the external rods. The inner hair

cells are about 3500 in number; the diameter" of each is greater than that of an inner

rod, and so each inner hair cell is supported by more than one rod. Somewhat oval in

shape, their free extremities are surmounted by about twenty fine hair-like processes,

arranged in the form of a crescent, with its concavity directed inwards. The deep end
of the cell contains a large nucleus and is rounded ; it reaches only about half-way

down the rod, and is in contact with the arborisations of the nerve terminations. To
the inner side of this row of hair cells are two or three rows of elongated columnar cells,

which act as supporting cells, and are continuous with the low columnar cells lining the

sulcus spiralis internus. The outer hair cells number about 12,000, and form three

rows in the basal coil and four rows in the upper two coils, although in the higher

coils the rows are not so regularly arranged. The rounded free ends of the hair cells

support some twenty hairlets arranged in the form of a crescent, opening inwards. Their
deep extremities reach about half-way to the membrana basilaris, and are in contact with
the nerve arborisations.

Alternating with the rows of the outer hair cells are the rows of Deiters' supporting
cells, the lower extremities of which are expanded on the membrana basilaris, whilst their

upper ends are tapered ; the nucleus is placed near the middle of each cell, and, in addition,

each cell contains a bright, thread-like structure called the supporting fibre. This fibre

is attached by a club-shaped base to the membrana basilaris, and expands, at the free

end of the cell, to form a phalangeal process of the membrana reticularis.

The cells of Hensen, or outer supporting cells, consist of about half a dozen rows,

immediately outside Deiters' cells, and form a well-marked elevation on the floor of the

ductus cochlearis. Their deep extremities are narrow and attached to the membrana
basilaris, while their free ends are expanded ; each cell contains a distinct nucleus and
some pigment granules. The columnar cells, situated externally to the cells of Hensen,
cover the outer part of the zona pectinata, and are named the cells of Claudius. A space,

the space of Nuel, exists between the outer rods of Corti and the neighbouring row of

hair cells ; it communicates internally with Corti's tunnel, and extends outwards between
the outer hair cells as far as Hensen's cells.

The lamina reticularis is a thin cuticular structure which lies over the organon
spirale, and extends from the heads of the outer rods as far as Hensen's cells, where it

ends in a row of quadrilateral areas which form its outer border. It consists of two or

three rows of structures, named phalanges, which are elongated cuticular plates resembling
in shape the digital phalanges. The innermost row is formed by the phalangeal processes

of the heads of the outer row of Corti's rods ; the succeeding row, or rows, represent the

expanded upper ends of Deiters' supporting cells. The number of rows of phalanges,

therefore, varies with the number of rows of outer hair cells and the alternating cells of

Deiters. The free ends of the hair cells occupy the somewhat circular apertures between
the constricted middle portions of the phalanges.

The membrana tectoria (Fig. 725) is an elastic membrane overlying the sulcus spiralis

internus and the organon spirale. Attached, by its inner end, to the limbus laminte

spiralis, near the lower edge of the membrana vestibularis, it reaches outwards as far as

the outer row of hair cells. Its inner portion is thin and overlies the auditory teeth of

Huschke. Its outer part is thickened, but becomes attenuated near its external border,

which, according to Retzius, is attached to the outer row of Deiters' cells. Its lower edge
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presents a firm, homogeneous border, and opposite the inner row of hair cells contains a
clear, sj)ivally arranged band, named Hansen's stripe.

Nervus Acusticus (Fig. 726).—The acoustic nerve divides within the internal
acoustic meatus into an anterior or cochlear and a posterior or vestibular nerve.

Sinus superior

Ampulla of lateral duct

Ampulla of superior duct

Macula acustica utriculi

Macula acustica sacculi

Vestibular nerve
Nervus facialis

Cochlear nerve

-Superior semicircular duct

Lateral semicircular duct

Posterior semicircular duct

Ligamentum
spirale

Membrana basilaris

Brandies of cochlear
nerve to organon spirale

Branch of cochlear
nerve to ampulla of posterior duct

Ampulla of posterior duct

Sinus inferior

Ductus endolyniphaticus

Ductus reuniens

Fig. 726.

—

Membranous Labyrinth op a Five Months' Fcetus,
viewed from its postero-medial aspect (Retzius).

N. Cochleae.—The cochlear nerve is distributed to the hair cells of the organon
spirale, the branches for the basal and middle coils entering the foramina in the
tractus spiralis foraminosus, those for the apical coil running in the canalis centralis

of the modiolus. Extending through the bony canals of the modiolus, the nerve-
fibres radiate outwards between the lamellse of the lamina spiralis ossea. Contained

in the spiral canal of the modiolus, near

Spiral fibres

Ganglion spirale

Nerve-tibres which pass out
between the two layers of the
lamina spiralis ossea

the attached margin of the lamina, is a

ganglion of bipolar nerve-cells which
winds spirally round the modiolus, and
is named the ganglion spirale (O.T.

ganglion of Corti) (Fig. 727) ; the fibres

of the nerve arise from the cells of this

ganglion. Beyond the ganglion spirale

the nerve-fibres extend outwards, at first

in bundles, and then in a more or less

continuous sheet, from the outer edge
of which they are again collected into

bundles, which pass through the

foramina nervosa of the labium tym-
panicum. Beyond this they appear

as naked axis -cylinders, and, turning in a spiral manner (inner or first spiral

fasciculus), send fibrilke towards the inner row of hair cells. Other fibrils run
between the inner rods and form a second spiral fasciculus in Corti's tunnel,

from which fiVjrils extend outwards across the tunnel, and, passing between
the outer rods, enter Nuel's space. They form a spiral fasciculus on the inner

aspect of each row of Deiters' cells, and fibrillae pass from these fasciculi towards
the bases of the outer hair cells.

The cochlear nerve gives off a vestibular branch, the terminal filaments of

Fio. 727.

—

Part of Cochlear Nerve, highly

rnagnifieil (Heiile).
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which go through the foramiua iu the recessus cochlearis and are dibtributed to the

liair cells of the vestibular part of the ductus cochlearis. On this vestibular branch,

close to its origin from the cochlear nerve, is a minute ganglion (lUcttcher).

N. Vestibuli. Tin; vestibiilar nerve is distributed to the utricles, the saccule, and
the ampulhe of the semicircular ducts. It divides into three branches, superior,

inferior, and posterior, and each of these splits into filaments which pass through
foramina in the fundus of the internal acoustic meatus. The filaments from the

superior branch go through the foramina in the area vestibularis superior and
supply the macula of the utricle and the cristae ampullares of the superior and
lateral semicircular ducts ; those from the inferior branch run through the fora-

mina in the area vestibularis inferior to the macula of the saccule. The posterior

branch passes tlH'ough the foramen singulare, and its filaments, six to eight in

number, are distributed to the crista ampullaris of the posterior semicircular duct.

Ganglion Vestibulare.—On the trunk of the vestibular nerve, within the

internal acoustic meatus, is a ganglion, the vestibular ganglion, of bipolar nerve cells

;

the fibres of the nerve arise from the cells of this ganglion. Sometimes the

vestibular nerve divides on the proximal side of the ganglion and the latter is then

split into three parts, one on each of the three branches of the nerve.

Vessels of the Internal Ear.—The internal auditory artery, a branch of the basilar, entera the
iutenial acoustic meatus and divides into vestibular and cochlear branches. The vestibular branch
supplies the soft tissues in tlie vestibule and semicircular canals, each canal receiving two arteries,

which, starting from opposite extremities of the canal, anastomose on the summit of the arch.

The cochlear branch divides into numerous twigs, which enter the foramina in the tractus

spiralis foranunosus, and run outwards in the lamina spiralis ossea to reach the soft structures
;

the largest of these arteries runs in the canalis centralis. The stylo-mastoid artery also supplies

some minute branches to the cochlea. Siebenmann describes the internal auditory artery as

dividing into three branches, viz. : (1) anterior vestibular, (2) cochlear proper, and (3) vestibulo-

cochlear. The veins from the cochlea and vestibule unite, at the bottom of the meatus, with the
veins from the semicircular canals to form the internal auditory vein, which may open either into

the posterior part of the inferior petrosal sinus or into the transverse sinus. Small veins also pass

through the aquceductus cochleie and aquseductus vestibuli, the former opening into the inferior

petrosal sinus or into the internal jugular vein, the latter into the superior petrosal sinus.

Development of Labykinth.

The epithelial lining of the labyrinth is derived from an invagination of the cephalic

ectoderm, termed
the auditory pit,

which appears

opposite the hind

brain immedi-
ately above the

first visceral cleft.

The mouth of the

pit is closed by
the growing to-

gether of its mar-
gins, and it then

assumes the form

of a hollow
vesicle, the otic

vesicle, which

severs its con-

nexion with the

ectoderm and
sinks into the

subjacent meso-

derm. The vesicle

soon becomes
pear-shaped; and
its dorsal taper-

ing part rapidly

lengthens into a recess, the recessus labyrinth!, which later forms the ductus and saccus

otic vesicl

Rudiment of ductus coclilearis-

Fio. 728.

—

Sf,ctions throdgh the Recjion of the Hixd Brain of Fcetal Rabbits
(to ilhistrate the development of the labyriuthiue epithelium).

In A the ectoderm is invaginated to form the auditory pit ; in B the auditory pit is closed
and detached from the ectoderm, forming the otic vesicle ; while C shows a further
stage in the development of the vesicle.
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Recessus
labyrinthi

Cochlear
jiai-t

endolymphaticus (see note, p. 79). About the fifth week, the lower part of the vesicle is

prolonged forwards as a diverticulum, the future ductus cochlearis. This is at first straight,

but as it elongates it curves on itself,

so that at the twelfth week all

three coils are differentiated. From
the upper part of the vesicle the

semicircular ducts are developed,

and appear as three hollow, disc-like

evaginations ; the central parts of

the walls of each disc coalesce and
disappear, leaving only the peri-

pheral ring or canal. The three

ducts are free about the beginning

of the second month, and are de-

veloped in the following order, viz. :

superior, posterior, and lateral. The
intermediate part of the otic vesicle

represents the vestibule, and is

divided by a constriction into an
anterior part, the saccule, communi-
cating with the ductus cochlearis,

and a posterior portion, the utricle,

receiving the extremities of the

semicircular ducts. The constric-

tion extends for some distance into

the ductus endolymphaticus, and
thus the utricle and saccule are connected by a Y-shaped tube. Another constriction

makes its appearance between the saccule and the vestibular end of the ductus cochlearis

and forms the canalis reuniens. The epithelial lining is at first columnar, but becomes
cubical throughout the whole labyrinth, except opposite the terminations of the acoustic

nerve, where it forms the columnar epithelium of the maculae of the utricle and saccule, of

the cristee ampullae, and of the organon spirale. On the floor of the ductus cochlearis two
ridges appear, of which the inner forms the limbus laminse spiralis, whilst the cells of

the outer become modified to form the rods of Corti, the hair cells, and the supporting

cells of Deiters and Hensen.

The mesoderm surrounding the otic vesicle is differentiated into : (1) a fibrous layer,

the wall of the membranous labyrinth
; (2) a cartilaginous capsule, the future petrous

bone ; and (3) an intervening layer of gelatinous tissue, which is ultimately absorbed,

leaving the perilymphatic space between the bony and membranous labyrinths.

The development of the external and middle parts of the ear are described on

pp. 50-53.

A, Left labyrinth of a human embryo of about four weeks ; B,

Left labyriuth of a human embryo of about five weeks (from

W. His, jun.).

ORGANON GUSTUS.

The peripheral gustatory organ consists of groups of modified epithelial cells,

termed calyculi gustatorii or taste buds, found on the tongue and in its immediate
neighbourhood.

Taste buds are present in large numbers around the circumference of the

papillte vallataj, w^hile some are found also on their opposing walls (Fig. 730). They
are very numerous over the foliate papillae, which correspond with the papillae

foliatse of the tongue of the rabbit, and are found also over the posterior part and
sides of the tongue, either on the papillae fungiformes or throughout the stratified

epithelium. They exist, also, on the oral surface of the velum palatinum and on
the posterior surface of the epiglottis.

Structure of Taste Buds (Fig. 731).—The taste buds are oval or flask-shaped,

and occupy nests in tlie stratified epithelium of the regions mentioned. The deep

extremity of each is expanded and rests upon the corium ; the free end is perfor-

ated by a minute pore, termed the gustatory pore. They consist of two kinds of

epithelial cells— (a) supporting cells, and (b) gustatory cells (Fig. 732). The
supporting cells are elongated, nucleated spindles, and are mostly arranged like the

staves of a cask to form the outer envelope of the bud ; but some are found in the
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interior of the bud, amougst the gustatory cells. The gustatory cells occupy the centre

Fio. 730.

A, Section through a papilhv vallata of hiiniaii tongue. B, Section through a part of tlie papilla foliata

of a rabbit.

1. Papilla. 2. Valliiiii. 3. Taste buds. 4. PapilUv. 5. Taste buds. 0. Duct of serous gland.

of the bud, and each consists of a nucleated cell-body, prolonged into a peripheral

Gustatory hairs

V .
^.-Gustatory

Fig. 731.

A, Three-quarter surface view of taste bud from the B, Vertical section of taste bud from the papilla
foliata of a rabbit (highly magnified).papilla foliata of a r.abbit (highly magnified).

and a central process. The peripheral process is rod-like and almost hyaline, and
terminates at the gustatory pore in a slender

filament, the gustatory hair. The central

process passes towards the deep extremity of ^.
the bud, where it ends free, as a single or

branched varicose filament.

Nerves of Taste.—The nerve supplying

the taste buds over the anterior part of the

tongue is the chorda tympani, which is de-

rived from the sensory root of the facial

nerve ; that for the posterior part is the glosso-

pharyngeal. The nerve fibrils, having lost

their medullary sheaths, ramify partly be-

tween the gustatory cells and partly amongst
the supporting cells of the taste buds.

The ducts of Ebner's glands open into the

bottom of the valleys surrounding the papillaj

vallatae, and the serous-like secretion of these glands probably washes the free

Fio. 732.

—

Isolated Cells from Taste Bud
OF Rabbit (Engelmann).

n, Supporting cells. 6, Gustatory cells.
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hair-like extremities of the gustatory cells, and so renders them ready to be
stimulated by successive substances. It should be added that there is a close

association between the senses of smell and taste. This can be best appreciated by
considering the defective taste perceptions resulting from inflammatory conditions

of the nasal mucous membrane, or the common practice of holding the nose in

order to minimise the taste of nauseous drugs.

The development of the tongue is described on pp. 45-46.

INTEGUMENTUM COMMUNE.

-,V' --o^

Papillae of-
corium

Sebaceo
glan

The integument or skin covers the body, and is continuous, at the orifices on

its surface, with the mucous lining of its alimentary and other canals. It contains

the peripheral terminations of many of the sensory nerves, and serves as an organ

of protection to the deeper tissues. It is the chief factor in the regulation of the

body temperature, and by means of the sudoriferous and sebaceous glands, which
open on its free

surface, consti-

tutes an important
excretory struc-

ture. Its super-

ficial layers are

modified to form
appendages in the

shape of hairs and
nails.

The skin is

very elastic and
resistant, and its

colour, determined
partly by its own
pigment and
partly by that of

the blood, is deeper
on exposed parts

and in the regions

of the genitals,

axillae, and mam-
mary areolae, than
elsewhere. The
colour varies also

with race and age,

the different races

of the world being
roughly classified,

according to the

colour of their

skin, into the
Pinkish in colour in childhood, the skin

Fio, 733.-

Papilla of hair

-Vektical Section of the Skin (schematic).

Oblique section tlirougb

a Pacinian coi'xjuscle

three groups of white, yellow, and black

assumes a yellowish tinge in old age, while in certain diseases {e.g. icterus and
melasma Addisonii) the colour undergoes marked alteration.

The surface of the skin is j)erforated by the hair follicles and by the ducts of the

sudoriferous and sebaceous glands, and on the palms, soles, and flexor aspect of the

digits it presents numerous permanent ridges, the cristse cutis, which correspond

with rows of underlying papilke. Over the terminal phalanges these ridges form
distinctive patterns, which are retained from youth to old age, and are utilised for

purposes of identification. Eetinacula of the skin are seen in the neighbourhood
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of the joints, and it can be thrown into wrinkles by the contraction of the sub-

cutaneous uniscles, where those exist. Over the greater part of the Ijocly it is freely

movable ; but on the scalp and lateral surfaces of the auriculiu, as well as on the

palms and soles, it is bound down to the subjacent tissues.

The skin consists of two strata, viz. : a deep, termed the corium, and a superficial,

the epidermis (Fig. 734).

The corium or cutis vera is dt-rived Irom the eml)ryonic mesoderm, and consists

essentially of a ft'ltcd inlerlacement of connective tissue and elastic fibres. In its

deeper part, or stratum reticulare, the fibrous bundles are coarse and form an open

network, in the meshes of which are vessels, nerves, pellets of fat, hair follicles,

and glands. This reticular stratum passes, as a rule, without any line of demarca-
tion, into tlie pamiiculus adiposus or subcutaneous fatty tissue, but in some parts it

rests upon a layer of

striped or uustriped

muscular fibres— the

latter in the case of the

scrotum. In the super-

ficial layer, or stratum

papillare, of the corium,

the connective tissue-

bundles are finer and
form a close network.

Projecting from its

superficial surface are

numerous finger -like,

single, or branched ele-

vations, termed papillae

Fig. 734), which are

received into corre-

sponding depressions

on the under surface of

the epidermis. These
papillaj vary in size,

being small on the eye-

lids, but large on the

palms and soles, where
they may attain a

length of 225 /i, and
where they produce the

permanent curved
ridges already referred to

?-/•

^^s^^>

stratum luciduin

Stratum
grauulosuni

Stratum
mucosum

stratum
- rminativum

Hlood-vessels
and nerves

Fig. 734.

—

Vertical Section of Epidermis and Papilla: of Corium
(highly inaguified).

Each ridge usually contains two rows of papillie, between

which the ducts of the sudoriferous glands pass to reach the surface. The papillae

consist of fine connective tissue and elastic fibres, mostly arranged parallel to the

long axis of the papillae ; the majority contain capillary loops, but some contain the

terminations of nerves. The superficial surface of the corium is covered with a

thin, homogeneous basement membrane.
The epidermis or cuticle is derived from the embryonic ectoderm and covers

the corium. Its thickness varies in different parts of the body and ranges from
0"3 mm. to 1 mm. or more ; it is thickest on the palms of the hands and soles of

the feet, and thinnest on the eyelids and penis. It is non-vascular and consists of

stratified epithelium ; its superficial layers are modified to.form the stratum comeum,
whicli may l)e separated by maceration or blistering from the deeper, softer portion,

or stratum mucosum (Malpighi). The epidermis consists from within outwards of

the following five strata (Fig. 734) :

—

1. The stratum germinativum is a single stratum of nucleated columnar cells

planted by denticulated extremities on the Itasement membrane of the corium.

2. The stratum mucosum consists of six or eight layers of polygonal, nucleated
" prickle " or " finger " cells, the processes of which join those of adjacent cells.

Between the cells of this layer are minute channels, in which leucocytes or pigment
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granules may be seen. The cells of the stratum mucosum are characterised by the

presence of numerous epidermic fibrils, which are coloured violet by hsematoxylin

and red by carmine. These fibrils are unaffected by boiling, but swell up under

the action of acids and alkalies, and form the filaments of union between adjacent

'

cells. On account of their presence, L. Eanvier has named this layer the stratum

filamentosum. The dark colour of the negro's skin is caused by the presence of

numerous pigment granules in the deeper layers of the stratum mucosum ; the

pigment—of which melanin forms an important constituent—is absent from the

more superficial layers of the epidermis.

3. The stratum granulosum comprises two or three layers of horizontally

arranged, flattened cells, scattered around the nuclei of which are elliptical or

spherical granules of eleidin, a substance staining deeply with carmine and hsema-

toxylin, and probably representing an intermediate stage between the protoplasm

of the deeper cells and the keratin of the superficial layers.

4. The stratum lucidum, an apparently homogeneous layer, is in reality made up
of several strata of flattened or irregular squames, which contain granules or

droplets of keratohyalin, a hyaline substance, staining less deeply than eleidin.

5. The stratum comeum comprises several layers of flattened non-nucleated

squames, the more superficial of which assume the form of horny scales and are

from time to time removed by friction. The deeper cells contain granules of a fatty

material having the consistency and plasticity of beeswax, and staining with osmic

acid. The peripheral parts of the cells consist of keratin, a highly resistant

substance which is unaffected by mineral acids, and is indigestible in pepsin-

hydrochloric acid.

L. Ranvier has pointed out that the stratum lucidum is really double, and has named the

deeper of its two layers the stratum intermedium ; this he describes as consisting of two or three

layers of clear cells with atrophied nuclei, while in the cell-walls the epidermic fibrils " are rolled

up like the threads of a cocoon."

Eegeneration of the epidermis is generally regarded as taking place by cell proliferation in

the stratum germinativum, the young cells gradually passing through the polyhedral and
granular stages, and ultimately
becoming the flattened squames
of the stratum corneum, while
the eleidin granules of the

stratum granulosum are con-

verted into the keratin of the

stratum corneum.

Vessels and Nerves ofthe
Skin. — In the subcutaneous
tissue the arteriesform a plexus

from which branches extend
into the corium, where they
supply the hair follicles and
glands, and form a second

plexus under the papillaj, to

which small loops are given.

The veins and the lymphatic
vessels commence in the

papillae, and, after forming
subpapiUary plexuses, open
into their respective subcut-

aneous vessels.

The nerves of the skin vary
in number in different parts

of the body ; they are extremely numerous where the sense of touch is acute, e.g. on the palmar
surfaces of the terminal phalanges, while in the skin of the back, where the sensibility is less,

they are fewer in number. Their different modes of ending are described on pp. 863-866.

Fig. 735.

—

Tactile Corpuscles.

A, End bulb (lirause).

B, Corpuscle of Pacini 1 , ,, r> \

/^ /^ 1 f m • c (after Ranvier).
C, Corpuscle of Meissner J

^
'

Appendages of the Skin.

The appendages of the skin are the nails, the hairs, the sebaceous glands, and
the sudoriferous or sweat glands. •

Ungues.—The nails (Figs. 736, 737) are epidermal structures, and represent

the hoofs and claws of the lower animals. The root of the nail is hidden
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from view and embedded in a fold of skin ; the body, or uncovered part, rests

on tlie coriiim and ends in a free margin. The greater part of the lateral margin
is overlapped hy a duplicature of skin, ternuKl the vallum unguis or nail-wall.

The nails are pink in colour, with the exception of a small semilunar area

near the root, which is more opaque than the rest, and is named the lunula. The
lunulie diminish in size froni the thumb towards the little linger, while the

thickness of the nail diminishes towards its root and lateral margins. The corium
under the nail is highly vascular and sensitive, and presents, especially under

lloriiy part of nail

.Stratum mucoHuni

Nail bed

— Valliiiii

Tiii'iiiiiiul

plialanx

Fio. 736.

—

Transveuse Section of a Nail.

the anterior part of the body, numerous longitudinally arranged ridges. The part

of the corium under the body is termed the nail bed ; that under the root, the nail

matrix. The deep part of the nail consists of the stratum germinativum and
stratum mucosum, while its superficial horny portion is constituted by a greatly

thickened stratum lucidum, and consists of nucleated, keratinised squames. The
stratum corneum is represented by the tliin cuticular fold overlapping the lunula,

and termed the eponycMum, while the stratum granulosum can be traced only as

far forwards as the nail root.

Epoiiycliiui

Uoriiy part of
nail

Stratum
mucosum

Root of nail

— Nail matrix

Fig. 737.

—

Longitudinal Section thuough Root of Nail.

Pill.—Hairs are well developed on the external genitals, scalp, and margins of the

eyelids, in the axilla, the vestibule of the nose, and at the entrance to the concha,

and also on the face of the male. Those on the genitals and face appear about

puberty. Rudimentary over the greater part of the body, they are entirely absent

from the flexor surfaces of the hands and feet, the dorsal surfaces of the terminal

phalanges, the glans penis, the inner surface of the prepuce, and medial surfaces

of the labia. Marked variations, individual and racial, exist as to the colour of

the hair, and also as to the manner of its growth ; hence the terms straight,

curly, woolly, etc. are used to designate it. Straight hairs are coarser than curly

ones, and have, moreover, a circular or oval outline on transverse section, curly

hairs being flat and riband-like.

The root of tbe hair is embedded in a depression of the skin, termed the hair

follicle (Fig. 738) ; the free portion is named the scapus or shaft, and consists
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from without inwards of three parts, viz., cuticle, cortex, and medulla. The
cuticle is formed by a layer of imbricated scales which overlap one another from

below upwards. The cortex consists of longitudinally arranged fibres made up of

elongated, closely applied, fusiform cells, which contain pigment and sometimes air

spaces, the latter especially in white hairs. The medulla, absent from the fine

hairs of the body generally and from the hairs of young children, forms a central core,

which appears black by transmitted, and white by reflected light, and is composed

of polyhedral nucleated cells containing pigment, fat granules, and air spaces.

The hair follicle consists of an oblique or curved—the latter in curly hairs—invag-

ination of the epidermis and corium, and in the case of large hairs extends into the

subcutaneous tissue (Fig. 733) ; some little distance below its orifice the ducts of

the sebaceous glands open into it. The dermic coat or portion of the follicle derived

from the corium consists of a fibrous sheath of external longitudinal and internal

circular connective tissue fibres, the latter being lined by a hyaline layer directly

Fibrous sheath ^ Derived from
/ Basement membrane ) the corium

stratum germinativum -i Outer root

stratum mucosum /sheath

Henle's layer
„ , , , I Inner root
Huxley s layer

l^^j^g^^jj

Cuticle

y ,n.
Section of hair

rr

Fig. 738.

—

Transverse Section of Hair Follicle with contained Hair (highly magnitieil).

continuous with the basement membrane of the corium. The parts of the follicle

derived from the epidermis are named the inner and outer root sheaths. Below the

orifices of the sebaceous gland ducts the outer root sheath is formed by the stratum

germinativum and stratum mucosum, while above them all the epidermal strata

contribute to it. The inner root sheath surrounds the cuticle of the hair, and

comprises from without inwards—(a) Henle's layer, a single stratum^ of nucleated

cubical cells
; (6) Huxley's layer, a single or double layer of polyhedral nucleated

cells ; and (c) a delicate cuticle, composed of a single layer of flattened imbricated

cells, with atrophied nuclei. The bottom of the hair follicle is moulded on a

vascular papilla, derived, from the corium and capped by the bulb of the hair or

expanded part of the hair root. The cells of the bulb are continuous with those

of the outer root sheath, and form the different parts of the hair, as well as its

inner root sheath. The vessels form capillary loops in the papilla of the hair, and

send twigs into the outer layer of its fibrous sheath ; the inner and outer root

sheaths and the different parts of the hair are non-vascular. The nerves end in

longitudinal and annular fibrils below the level of the sebaceous glands and outside

the hyaline layer of the follicle.

Glandulse Sebaceae.—Sebaceous glands exist wherever there are hairs, and their
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ducts open into the superficial parts of the hair follicles (Fig, 733) ; the number of

glands associated with each follicle varies from one to four. On the labia minora
and mammary areohi; they open on the surface of the skin independently of hair

follicles, and in the latter situations undergo great enlargement during pregnancy.

The deep extremity of each gland expands into a cluster of oval or tlask-shaped

alveoli, which are surrounded by a Itasement membrane, and filled with polyhedral

cells containing oil droplets. ]iy the breaking down of the superticial cells, their

oily contents are liberated as the sehum cutaneum and discharged into the hair

follicle, whilst the deeper cells undergo proliferation. The size of the gland Ijears

no proportion to that of the hairs, since they are very large in the minute hair

follicles of the fcetus and newly born child, and also in the follicles of the rudimen-
tary hairs of the nose and certain parts of the face.

Bundles of non-striped muscular fibre are associated with the hair follicles, and
are named the mm. arrectores pilonun. Attached to the deep part of the hair follicle,

and forming with it an acute angle, they pass outwards close to the sebaceous

glands, and end in the papillary layer of the corium. They are situated on the

side towards which the hair slopes, so that, on contraction, they diminish the

obliquity of the hair follicle and render the hair more erect, and, at the same
time, compress the sebaceous glands and expel their contents. The condition of
" goose-skin " is caused by the contraction of these slender muscles.

Arthur Thomson suggests that the condition of curly hair is produced by the contraction of
the mm. arrectores pilorum. Straight hair is thick and cylindrical ; curly hair is flat and ribbon-
like. When the arrector muscle contracts, the thick rounded hair resists the tendency of the
muscle to bend it, while the flat hair, not suflBciently strong to resist the strain of the muscle,
becomes bent, and this is probaljly the explanation why the follicle assumes the curved form
characteristic of the scalp of a bushman. Tne sebaceous gland lies in the concavity of the bend
between the follicle and the muscle, and forms a mass of greater resistance, around which the
follicle may be curved by the contraction of the muscle. The cells at the root of the hair
accommodate themselves to the curved follicle, and, becoming more horny as they advance to

the surface, retain the form of the follicle in which they are moulded.

Glandulae Sudoriferae.—Sudoriferous or sweat glands are found in the skin

of nearly every part of the body ; they are relatively few in number on the back
of the trunk, but are very plentiful on the palms and soles, where they open on the
summits of the curved ridges. Each consists of an elongated tube, the deeper portion

of which forms its secretory part, and is coiled in the subcutaneous tissue or deep
part of the corium in the form of an ovoid or spherical ball, termed the corpus

glandulae sudoriferae (O.T. glomerulus) (Fig. 733). The superficial part of the tube, or

ductus sudoriferus, extends through the corium and epidermis, and opens on the

surface by a funnel-shaped orifice, the poms sudoriferus
; where the epidermis is thick

the duct is spirally coiled. The bodies of the glands, as a rule, vary in diameter
from O'l to 05 mm., but in the axillae they are much larger, and may measure
from 1 to 4 mm. Each is surrounded by a capillary network and by a capsule of

connective tissue, inside which is a homogeneous basement membrane. The lumen
of the tube is lined with a layer of nucleated, granular, and striated, columnar,
or prismatic epithelial cells, between the deep extremities of which and the

basement membrane is a layer of non-striped muscular fibres, the long axis of which
is more or less parallel with that of the tube. The excretory ducts are devoid of

muscular fibres, and consist of a basement membrane lined by two or three layers of

polyhedral cells, which are covered, next the lumen of the duct, with a thin cuticle.

The glandulae ciliares, at the margins of the eyelids, and the glandulae ceruminosae

of the external acoustic meatus, are modified sudoriferous glands ; the former are,

however, not coiled, while the cell protoplasm of the latter contains yellowish

pigment, and their gland ducts, in the foetus, open into hair follicles.

Development of the Skin and its Appendages.

Skin.—The vascular and sensitive corium is developed from the mesoderm, the cells

of which, immediately underlying the ectoderm, have, by the second month of fa?tal life,

become aggregated together and flattened parallel to the surface of the embryo. By the
third month they are seen to form two layers, the superficial of which becomes the
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corium, and the deeper the subcutaneous tissue ; the papillae of the corium make their

appearance in the fourth month. The epidermis, nails, hairs, sudoriferous and sebaceous

glands are of ectodermal origin.

The epidermis at first consists of a single layer of cells, but by the end of the second

month it is duplicated, and then exhibits a superficial layer of irregular cells and a deeper

layer of more or less cubical cells. By the third month three strata are seen : (a) a deep

layer, consisting of a single layer of cubical cells— the future stratum germinativum

;

(6) a middle layer, comprising two or three strata of irregular cells—the future stratum

mucosum ; and (c) an outer layer, a double stratum of large cells. This outer layer

appears to be homologous with a thin membrane, termed the epitrichium, first described

as covering the embryo of the sloth and overlying its hairs, but since shown to be present

also in birds and mammals. Over the hairy parts of the body it disappears about the

sixth month ; but over the free edge and root of the nails, and on the palms and soles, it

develops into several layers of cells, which, in these parts, probably persist to form the

thick stratum corneum. The part which persists over the root of the nail is termed

the eponychium, and covers the proximal part of the lunula {vide p. 859, Fig. 737).

Nails.—The first rudiment of the nails is seen about the beginning of the third month
of embryonic life, and consists of a thickening of the epitrichium over the ends of the

digits. Owing to the greater growth of the volar surfaces of the digits, the nail rudiment

comes to be placed dorsally, and, at its proximal edge, an ingrowth of the stratum

mucosum occurs to form its root, while the future nail is limited behind and at the sides

by a groove. The superficial cells of the stratum mucosum become keratinised to form

a thick stratum lucidum, the future nail proper, over the greater part of which the

epitrichium disappears. The latter persists in the adult as the eponychium across the

root of the nail, and, until fifth month, also forms a thick mass over the extremity of the

nail, and is continued into the stratum corneum over the end of the digit. The future

distal edge of the nail, at this stage, is continuous with the stratum lucidum in front of

it ; but this continuity is lost, and by the seventh month the nail presents a free border.

The nails grow in length, and are renewed, in case of removal, by a proliferation of the

cells of the stratum mucosum at the root of the nail, while an increase in their thickness

takes place from the part of the same stratum which underlies the lunula.

Hairs.—The hair rudiments appear about the third month of embryonic life as solid

downgrowths of the stratum mucosum, which pass obliquely into the subjacent corium.

The deep end of this column of cells expands to form the hair bulb, and is moulded on

a papilla derived from the corium ; the epidermis immediately overlying the papilla

becomes differentiated into the hair and its inner root sheath, while the peripheral cells

form its outer root sheath. The surrounding corium is condensed to form the fibrous

sheath of the hair follicle, the hyaline layer of which is continuous with the basement

membrane covering the corium. The hair gradually elongates, and, reaching the neck of

the follicle, its extremity lies at first under the epitrichium, but becomes free on the dis-

appearance of the latter. This takes place about the fifth month of foetal life, and the

first crop of hairs constitutes the lanugo, and is well developed by the seventh month.

The lanugo consists of very delicate hairs, some of which are shed before, the remainder

shortly after birth—the last to drop out being those of the eyelashes and scalp—and are

replaced by stronger hairs. Shedding and renewal of the hairs take place during life
;

prior to the shedding of a hair active growth and proliferation of the cells of the hair bulb

cease, and the papilla becomes atrophied, while the hair root, gradually approaching the

surface, at last drops out. New haii-s arise from epidermic buds, which extend downwards

from the follicle, and their development is identical with that of the original hairs.

Sebaceous Glands.—These appear about the fifth month as solid outgrowths from

the sides of the hair follicles, and consist of epidermal offshoots continued from the cells

of the outer root sheath. Their deep ends become enlarged and lobulated, to form the

secreting part of the gland, while the narrow neck connecting this with the follicle forms

its duct. The sebaceous secretion, together with the cast-ofF epidermal cells, is collected

on the surface of the body during the last months of intra-uterine life, and forms a layer

of varying thickness, termed the vernix caseosa or smegma emhryonum.

Sudoriferous Glands.—These, like the hairs, arise as solid downgrowths of the

stratum mucosum. They descend, however, perpendicularly, instead of obliquely, and

are of a yellowish colour ; they appear on the palms and soles early in the fifth month,

but much later over the hairy parts of the body. The downgrowths extend through the

corium, and, on reaching the subcutaneous tissue, become coiled up to form the body or

secreting part of the gland. The ducts of the glands do not open on the surface until

the seventh month.
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ENDINGS OF NRRVES OF GENRRAI. SENSATIONS.

The peripheral endings of the nerves associated with the special senses have

been described in the preceding pages. Under this heading will be considered the

terminations of those sensory nerves which are widely distributed throughout the

body and are associated with the muscular sense and the senses of pressure, heat,

cold, and pain. These nerves may end as line ramifications of the axis cylinders

lying free amongst the tissues, or in special end or(/ans where the terminations of

the axis cylinder&.are surrounded by connective tissue capsules.

'-j_^-^'L^^ ^f-^
€-6

FREE NERVE-ENDINGS.

Free nerve-endings are found chiefly in the epithelium covering the skin or

the mucous membranes. The nerve-fibres, after subdividing in the sub-epithelial

connective tissue, lose success-

ively their medullary and primi-
^_̂ ^^^^ ? ____J_

tive sheaths and are continued '^""^ • - ..-r-^cr^"-..-- .

as naked axis cylinders, which,

if stained with gold chloride, are

seen to consist of fine varicose

filaments. The axis cylinders

subdivide and form primary and
secondary plexuses, and from
the latter numerous fibrillse

pierce the sub-epithelial base-

ment membrane and ramify be-

tween the overlying epithelial

cells where they end in minute
knobs of flattened discs. In the

epidermis the nerve fibrillse are

limited to the stratum mucosum,
but in the cornea they reach the

surface layers of epithelium

(Fig. 739). Free nerve-endings

also occur around the sudoriferous glands, in the papillae and root sheaths of the

hair follicles, in the sub-epithelial and intermuscular connective tissues, and in

serous membranes.
Modifications of free nerve-endings

are seen in the tactile discs or cells of
Merkel ; here the neuro-fibrill.e end in

the deeper layers of the epidermis in

crescentic or cup-shaped expansions, in

contact with large, modified epithelial

cells. These tactile discs are well marked
in the pig's snout (Fig. 740).

SPECIAL END ORGANS.

Fig. 739. -Vertical Section of Cornea stained
Chloride of Gold (Ranvier).

6, primary plexus in connective tissue of cornea ; c, )>rani'l

passing to sub-epithelial plexus e ; /, intra-epithelial plexus

d, terminations of fibrils.

The special end organs vary greatly

in size and form, but in all of them the ter-

mination of the axis cylinder is enclosed

within aconnective tissue capsule or sheath

of varying thickness. The following are

the more important special end organs.

(1) End Bulbs of Krause (Fig. 742).—These are minute cylindrical or oval bodies

which are found in the conjunctiva, in the mucous membrane of the Hps, and in

Fig. 740. —Ending of Neuve in Tactile Discs of the
Pig's Snout (Ranvier). (From Quain's Anatomy.)

n, medullated fibre ; m, terminal discs in muscle ; e,

cells from the stratum mucosum of the epidermis
;

a, somewhat moditied cell to which a tactile disc

is applieil.
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the skiu of the glans penis and glans clitoridis. Each consists of a thin connective

tissue capsule enclosing a core of homogeneous or nucleated semifluid substance.

As the nerve-fibre pierces the capsule, it loses its

medullary sheath, and the axis cylinder is con-

tinued into the core of the bulb where it may
pursue a somewhat tortuous course, but more fre-

quently divides into minute varicose fibrils which
form an intricate plexus. The end bulbs of the

glans penis and glans clitoridis are named genital

corpuscles and differ from those just described in

Z^^^'?^iL?r^.^J^1'?^^^- ^^^^ ^^^^ ^^®y ^^® larger and possess thicker capsules.

Similar endings, termed articular bulbs, are found

composed of three cells with two inter-
^^ ^^^ Synovial membranes of certain joints, e.g.

posed discs, iuto which the axis those of the fingers.

(2) Corpuscles of Grandry (Fig. 741).—These
are seen in the skin covering the beaks of aquatic

animals, and in the mucous membrane of the duck's

palate. Each consists of two or more flattened

epithelial cells enclosed within a capsule, and the axis cylinder ends in flattened
" tactile discs " which lie between the cells.

(3) Corpuscles of Pacini (Fig. 742).—These are widely distributed and consist of

small oval bodies which measure from 2 to 3 mm. in length and about 1 mm. in

width. They are found on the cutaneous nerves of the hand and foot, on the infra-

orbital and intercostal nerves, on the cutaneous nerves of the neck, nipple, and
mamma, and on the nerves of the solar plexus. They are present in the parietal

peritoneum and on the nerves of the joints, and are very plentiful in the mesentery

Fig. 741.-

THE Duck's Tongue (Izquiardo)

(From Quain's Anatomy.)

cylinder of the nerve-cell is observed
to pass. In B there is but one
tactile disc enclosed between two
tactile cells.

Fio. 742.

A, End bulb (Krause).

B, Coi-puscle of Pacini x 12 1 / f* t> • \

C, Corpuscle of Wagner and Meissner
j^'^"*'*'' "^"^le'V-

743.

—

Herbst Coupdscle
OK Duck (Sobotta).

n, medullated nerve- fibre ; a, its axis

cylinder ending in an enlarge-

ment ; c, nuclei of cells of core
;

t, nuclei of cells of outer tunics
;

t', inner tunics.

of the cat. The capsule of the corpuscle consists of a number of connective tissue

tunics arranged concentrically around a central core of more or less clear proto-
plasm; the deeper tunics are closely applied to each other, but those towards the
circumference of the corpuscle are here and there separated by narrow lymphatic
spaces. Each corpuscle is attached to a nerve trunk by a narrow pedicle composed
of a single medullated nerve-fibre which pierces the capsule and, on reaching the
core, loses its medullary sheath. The axis cylinder is continued into the core as
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far as its distal end and there terminates in one or more enlargements in which

the neuro-filtrilhe form a dense ploxua. The corpuscles of Herbst (Kig. 74.S), which
are found in the skin of birds, dilfor from the Pacinian corimscles in that their

cores consist of nucleated cells, between which the axis cylinder extends as a single

or branclietl process.

(4) Corpuscles of Golgi and Mazzoni.—These are present in the subcutaneitus tissue

of the pulp of the lingers and also in other parts of the skin. Their caps-ules are

thinner anil their cores thicker than those of the Pacinian corpuscles, while their

axis cylinders undergo a greater degree of ramification and tl oir terminal filaments

end in somewhat flattened expansions.

(5) Tactile Corpuscles of Wagner and Meissner (Fig. *N:2).—These are plenlifully

distributed in tlie papiUa of the curium of the hand, foot, aud front of the forearm.

They are found also in the skin of the lips, in the mucous membrane of the tip of

the tongue, in the palpebral conjunctiva and the skin of the nipple. They are

oval in shape, and their length varies from 04 nmi. to 'IS mm., and their

tliickness from 03 mm. to -OG mm. One or more nervc-fil)res pierce the capsule

of the corpuscle, losing, at tiie same time, their medullary sheaths. The axis

.cylinders, which are frequently varicose, assume a spiral or convoluted course and
end in terminal enlargements. From the deep surface of the capsule imperfect

membranous septa are continued inwards between the nerve ramifications.

Fio. 744.

—

An OuciAN ok Hukfini i'kom the Subcutaneous Tissue (Ruffiui). (From Quain's ^/iw/o./jy.)

(/, Entering nerve-libres ; b, d, endings of their axons ; e, c, capsule of organ ; c', core.

(6) Organs of Ruffini (Fig. 744).—These were found by Euffini in the sub-

cutaneous connective tissue of the fingers. They are of considerable size, and their

shape is oval or fusiform. One or more nerve-fibres penetrate the side of the capsule,

witliin which they pursue a curved course and then lose their medullary sheaths.

Fui. 74.*).—Organ of Gor.ca from the Human Tendo-calcaneus, Chloride of Gold
ruEi'ARATioN (Clacceo). (From Quain's Aiiatomi/.)

711, Muscular fibres ; t, tendon bundles ; G, Golgi's organ ; )i, two nerve-fibres passing into it.

The axis cylinders break up into a close-meshed network which lies between, vr

partly encircles, the smaller fasciculi of connective tissue.

(7) Neuro-tendinous Spindles (Fig. 745).—These were first described by Golgi in

56



866 ENDINGS OF NEEVES OF GENEKAL SENSATIONS.

\

1878. Thej consist of long spindle-shaped bodies, and are usually found near the

junctions of the tendons with their muscles. Each is surrounded bj a capsule

which encloses a number of intrafusal tendon
fasciculi. The nerve-fibres pierce the side

of the capsule and then lose their medullary
sheaths; the axis cylinders subdivide, and
their terminal branches ramify between, or

partly encircle, the smaller tendon bundles
and end in plate-like expansions.

(8) Neuro-muscular Spindles (Fig. 746).

—

These are widely distributed throughout the

voluntary muscles but are more numerous in

the muscles of the hmbs than in those of the

trunk, and are plentifully found in the

muscles of the hand and foot. They have
not yet been seen in the intrinsic muscles
of the tongue, and only a few are present

in the ocular muscles. They lie in the con-

nective tissue between the muscular bundles,

and each consists of a lamellated capsule en-

closing a fasciculus of striped muscular fibres

(intrafusal fibres), together with minute
blood-vessels and three or four medullated
nerve -fibres. These intrafusal muscular
fibres display many of the characteristics of

embryonic muscle ; they are smaller both in

length and diameter than ordinary muscular
fibres ; they contain numerous nuclei near

the centre of the spindle where their cross

striation is less distinct ; they also possess

more protoplasm than ordinary muscular

fibres. The nerve-fibres pierce the side of

the capsule, inside which they lose their

medullary sheaths and undergo subdivision ; they are then prolonged in a spiral

or annular manner around the individual muscular fibres and end in flattened or

ovoid enlargements.

d

Fig. 746.—En'ding of Nerve-fibres in Muscle
Spindle (Ruffini). (From Quain's Anatoviy.)

Three intrafusal muscle fibres are shown : x,

nerve-fibres entering spindle ; a, axis cj'linders

terminating around and between the intrafusal

fibres in h, ring-like ; c, spiral ; and d, ir-

regularly ramified endings.



THE VASCULAR SYSTEM.
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The vascular system consists of a series of tubes, called vessels, which run
through all parts of the bodj. Some of the vessels contain a coloured fluid

called blood, others are filled with a colourless fluid, called lymph ; hence the

distinction between the blood-vascular system and the lymph-vascular system. The
two systems differ, not only as regards their contents, but also in their relations

to the tissues amongst which they lie ; for whilst the vessels of the blood-vascular

system, with the possible exception of the splenic vessels, are closed, those of the
lymph-vascular system communicate with the serous sacs.

The tubes or vessels of the blood-vascular system vary in size and in the
structure of their walls, but all contain blood, which is conveyed, through them,
to and from the tissue elements of the body. The blood is propelled along the
vessels chiefly by a central propulsive organ—the heart. The outgoing vessels

from the heart, along which blood is transmitted to the tissues, are termed arteries

;

the vessels which return blood from the tissues to the heart are known as veins ;

whilst the smallest tubes—those which connect the arteries and veins together,

constituting at once the terminations of the arteries and the commencements of
the veins—are called capillaries.

Blood capillaries are very small (hair-like) vessels, with exceedingly thin walls
which permit of the easy passage of the nutritive materials outwards from the
blood to the tissues, and, of the passage in the opposite direction, of some of the
products of tissue changes and of food material absorbed from the alimentary canal.

Arteries and veins are simply conducting passages; structurally they differ

from capillaries in the greater complexity of their walls. They vary greatly in size,

but are always larger than capillaries. The calibres of the arteries and veins
increase progressively from the periphery up to the heart, where both sets of vessels

reach their greatest size. With the increase in calibre there is a corresponding
increase in the thickness and complexity of the walls of the vessels.

Structure of Blood Capillaries.—Blood capillaries measure from 8 fi to

l'2o fjL in diameter, and about •~5 mm. in length. Their walls are simple, and, in

the smallest capillaries, consist of elongated elastic endothelial cells, with sinuous
edges, pointed extremities, and oval nuclei. The cells are cemented to one another,

along their margins, by intercellular cement, which readily stains with nitrate of

silver. Here and there the cement substance appears to accumulate, forming minute
spots indicative of the less perfect apposition of the edges of the cells. Such spots

when small, form the so-called stigmata ; when larger they are known as stomata.

The larger capillaries are invested by a connective tissue sheath consisting of

branched cells which are united together and to tlie endothelial cells of the capillary

wall. This sheath is termed the tunica externa capillaris.

Capillaries are arranged in networks, the nature and character of which dififer

867 56 a
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T. intiiiia

Fig. 747.-

C B ^^
A2 Ai

-Structure of Blood-vessels (diagrammatic).

Ai, Capillary—with simple endothelial walls. A2, Larger capillary
—with connective tissue sheath, "adventitia capillaris." B,
Capillary arteriole—showing muscle cells of middle coat, few
and scattered. C, Artery—muscular elements of the tunica
media forming a continuous layer.

in different tissues. The small arteries which end in them are known as capillary

arterioles, and the venous radicles which commence from them are appropriately

termed capillary veins.

Structure of Arteries and Veins.—The delicate elastic endothelial membrane
which forms the wall of the simplest capillaries extends also, as a continuous lining,

throughout the whole of the blood-vascular system. In the arteries the con-

stituent cells are fusiform, narrow, and pointed, whilst in the veins they are some-
what shorter and broader.

The most essential structural difference between capillaries on the one hand and
the arteries and veins which they unite together on the other, is the presence, in

both the arteries and the veins, of
r. pxtenia/A -^ -—-—-—-—-

—

^^=:^-,r^<:2:^,^C:^\\ involuutary muscular fibres which
are interposed between the endo-

thelial lining and the outer con-

nective tissue sheath. In small

vessels, e.g. capillary arterioles, the

muscle cells are few in number and
more or less scattered. In larger

vessels the walls are stronger and
thicker, muscular fibres are more
numerous and form a continuous

layer, whilst yellow elastic and ordinary white connective tissue are present in

varying proportions. The walls of the larger vessels are, therefore, complex, and
numerous strata may be distinguished ; which, for convenience, are regarded as

forming three layers, known as the tunica intima and the middle and outer tunics.

Superadded to the tunics is the investing fibrous sheath or vagina vasis.

Structure of Arteries.—The walls of arteries are stronger and thicker than
those of veins of corresponding size, the tunica intima and middle tunic being
particularly rich in elastic and muscular elements.

Tunica Intima.—In the tunica intima the endothelial lining is strengthened

by the addition of yellow elastic tissue, the fibres

of which are arranged in such a manner as to

simulate a fenestrated membrane. In arteries of

medium size the elastic lamina is separated from
the endothelium by a layer of connective tissue

consisting of branched cells and numerous fibrils.

In the larger arteries the subendothelial connective

tissue is considerably increased, and delicate elastic

fibres appear which connect it with the more ex-

ternally situated and fenestrated elastic layer.

Tunica Media.—In the capillary arterioles the

tunica media consists solely of scattered unstriped

muscle fibres ; the individual fibres are circularly dis-

posed, but do not entirely surround the vessel. In

small arteries the muscle cells are so much increased

in number that they form a continuous thougli

thin layer. The larger arteries have two or more
layers of muscle cells, and the greater thickness of

their walls is mainly due to the increase of the

muscular elements of the middle coat. In the

larger vessels delicate laminae of elastic tissue

alternate with the layers of muscular fibres, and
in the aorta and the carotid arteries, as well as

in some of the branches of the latter, the elastic

elements largely preponderate. In the first part

of the aorta, in the pulmonary artery, and in the

arteries of the retina, the muscular fibres are entirely replaced by elastic tissue.

Tunica Externa.—The outer tunic of an artery consists almost entirely of

fibrillated connective tissue, in which lie many connective tissue corpuscles.

y]A

' " ^^- >B

Fig. 748.

—

Transverse Section
THROUGH THE WALL OF A LaRGE
Artery.

A, Tunica intima. B, Tunica media.
C, Tunica externa.
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Fig. 749.

—

Tuansveksk '

THE Wall of a Vein.

A, Tunica iiitima. B, Tunica media.
C, Tunica externa.

I

lu all l»uL the smallest arterie.s nuinerou.s lilastic fibres are also present. The
elastic elcniunt is specially strong near the middle coat in small and medium
sized vessels, and is sometimes described as an external elastic membrane, lu
some arteries longitudinally arranged unstriped muscular fibres are also found in

the external coat.

Vagina Vasis.— In addition to the three tunics above described, arteries

are enclosed in a sheath ot" the surrounding connective tissue, and are more
or less connected witli it l)y tine strands ol" tibrillated connective tissue.

Structure of Veins.—^The walls of veins are similar in structure to those

of arteries ; they arc, however, thinner, so much so, that, although veins are

cylindrical t.ubes when full of blood, they collapse

when empty and their lumina almost disappear.

The structural details of the three tunics vary

somewhat in different veins ; in most tiie innermost

tunic is marked by folds which constitute valves.

Like the arteries, the veins are enclosed in connec-

tive tissue sheaths.

Tunica Intima.—In the majority of the veins

the tunica intima includes an internal endothelial

layer, a middle layer of subendothelial connective

tissue, and an outer layer of elastic tissue. The
innermost tunic of a vein is less brittle than the

inner coat of an artery, and is more easily peeled off

from the middle coat. The subendothelial tissue

is a fine tibrillated connective tissue, less abundant
than in the arteries, and in many cases it is absent.

The elastic layer consists of lamellae of elastic

fibres which are arranged longitudinally ; it rarely

has the appearance of a fenestrated membrane.
One of the chief peculiarities of the tunica

intima is the presence of folds of its substance which constitute valves. The cusps

of the valves are of semilunar shape, and they are usually arranged in pairs.

Their convex borders are continuous with the vessel wall, and their free borders

are turned towards the heart ; whilst, therefore, they do not interfere with the free

flow of blood from the periphery, they prevent any backward flow towards it, and

they help to sustain the column of blood in all vessels in which there is an upward
flow. Each valve cusp consists of a fold of the endothelial layer, strengthened

by a little connective tissue. As a general rule, the wall of the vein is dilated on

the central side of each valve into a shallow pouch or sinus ; consequently, when
the veins are distended they assume a nodulated appearance. The valves are more

numerous in the deep than in the superficial veins, and in the veins of children

than in the veins of adults.

Tunica Media.—The middle tunic is nmch thinner than the corresponding

tunic of an artery, and it contains a smaller amount of muscular and a larger

amount of ordinary connective tissue ; indeed, so much does the latter preponderate

that it separates the muscular fibres into a number of bands, which are isolated from

one another by strands of connective tissue ; therefore the muscle fibres do not form

a continuous layer. In some of the veins the more internal muscular fibres do not

retain the transverse direction which is usually met with both in arteries and

veins ; on the contrary, they run longitudinally. This condition is met with in

the" branphes of the mesenteric veins, in the femoral and iliac veins, and in the

umbilical veins. The middle tunic is absent in the thoracic part of the inferior

vena cava; it is but slightly developed in many of the larger veins, whilst in

the jugular veins its muscular tissue is very small in amount.

Tunica Externa.—This tunic consists of white fibrous and elastic tissue.

In many of the larger veins a considerable amount of muscular tissue is also

present ; this is the case in the iliac and axillary veins, the abdominal part of the

inferior vena cava, the azygos and hemiazygos veins, and in the renal, spermatic,

splenic, superior mesenteric, portal, and hepatic veins. The striped muscle fibres of
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the heart are prolonged into it at the terminations of the venae cavse. The external

tunic is frequently thicker than the middle tunic, and the two are not easily

separable from one another.

Vascular and Nervous Supply of Arteries and Veins.—Blood-vessels.—The
walls of the blood-vessels are supplied by numerous small arteries, called vasa

vasorum, which are distributed to the outer and middle tunics. They arise either

from the vessels they supply or from adjacent arteries, and after a short course

enter the walls of the vessels in which they end. The blood is returned by small

venae vasorum.

Lymphatics.—Although the cell spaces in the middle and inner tunics may be

regarded as the commencement of lymphatics, definite lymphatic vessels are limited

to the outer tunic.

Nerves.—Arteries and veins are well supplied with nerves, which form a

coarse network in the outer tunic. Branches from this network enter the tunica

media, where they form a finer network which supplies twigs to the muscle fibres

and sends fine filaments into the inner coat.

Divisions of the Blood-Vascular System.—Blood-vessels convey blood to or

from the tissues of the body generally, or to and from the lungs. The former

constitute the systemic vessels or general system ; the latter form the pulmonary

system. The two systems are connected together by the heart.

The venous trunks passing to the liver, and their tributaries, form a subsidiary

part of the general systemic group of vessels, which is known as the portal system.

COR.

The heart is a hollow muscular organ, which is enclosed in a fibro-serous

sac known as the pericardium. It receives blood from the veins, and propels it

into and along the arteries. The cavity of the fully developed heart is completely

separated into right and left halves by an obliquely placed longitudinal septum, and
each half is divided into a posterior receiving chamber, the atrium, and an anterior

ejecting chamber, the ventricle. The separation of the atria from the ventricles,

however, is not complete. Externally a comparatively shallow constriction,

running transversely to the long axis of the organ, indicates the distinction

between the atria and ventricles ; internally a wide aperture is left between
the atrium and ventricle of each side. Each atrio - ventricular aperture is pro-

vided with a valve which allows the free passage of blood from the atrium to the

ventricle, but effectually prevents its return.

The delicate walls of the blood capillaries allow the fluid part of the blood—blood plasma

—

to pass outwards to the tissues. In the tissues the plasma enters spaces, or intercellular channels,

in which the tissue elements lie ; thus the latter are directly bathed in blood plasma which
contains nutritive materials and oxygen. The intercellular spaces may be looked upon as the

commencement of the lymph -vascular system. They communicate together, and lymph i:)lasma

passes from them into lymph vessels which carry it to the blood-vascular system. It must
be remembered, in addition, that materials also pass from the tissues into the blood capillaries.

Lymph vessels, in other words, convey material from the tissues. Blood-vessels convey
material both to and from the tissues.

The removal of waste products which have passed from the tissues to the blood is jjrovided

for by special organs, some of which are simply interposed in the course of the general circulation
—e.g. the liver, the kidneys, and the skin. The lungs, however, where the impure or venous
l)lood receives its main sujjply of oxygen and gives up most of its carbon dioxide, etc., do not
lie in the course of the general or systemic circulation ; for them a secondary or pulmonary
circulation is established, by which venous blood is conveyed from the heart to the lungs by the
pulmonary artery and its branches, and, after passing through the pulmonary caj)'illaries, is

returned again to the heart, as oxygenated or arterial blood, by tlie ijulraonary veins.

The heart, anatomically a single organ, is correspondingly modified, and, as described above,

it is divided by a septum into a right and a left part. The right side receives the blood from
the systemic veins, and ejects it into the pulmonary artery ; whilst the left side receives blood

from the pulmonary veins, and ejects it into the main systemic artery—the aorta.

The sliape of the heart is that of an irregular and somewhat flattened cone ; and
a base, an apex, two surfaces (inferior or diaphragmatic and antero-superior or

sterno-costal), and three borders (right, left, and inferior) are distinguishable.
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An oblique groove, the sulcus coronaxius, runs transversely to the long axis
of the organ ; it separates the postero-superior or atrial portion from the antero-
inferior or ventricular part. The separation of the atrial portion into right and left

chambers is marked, externally, at the base of the heart only, where an indistinct
interatrial groove exists. The division of the ventricular part into right and left

ventricles is more definitely marked on the surlace by anterior and an inferior
longitudinal sulcus which meet at the inferior border to the right of the apex.

The heart lies in the middle mediastinum. It rests below on the diaphragm,
and is enclosed in the pericardium, which intervenes between it and the neit'hbour-
ing structures. Its long axis, from base to apex, runs obliquely from behind
forwards, downwards, and to the left.

Basis Cordis.—The base, which is formed by the atria, and almost entirely by

Lipaiiientiim arteriosum

Left pulmonary artery

Vestigial fold

(Marshall)

Right pulmonary artery

Superior vena cava

Left pulmonary vein

^^Right pulmonary veins

Circumflex
branch of left

coronary artery

Left marginal artery

Sulcus terminalis

Right atrium

Inferior vena cava

Left ventricle
Right ventricle

Coronary sinus

Fig. 750.

—

The Base and Diaphragmatic Surface of the Hkart, showing the openings of the great

vessels and the line of reflection of the serous pericardium in a formalin hardened preparation.

the left atrium, is directed upwards, posteriorly, and to the right. It lies anterior

to the descending thoracic aorta, the cesophagus, and the lower right pulmonary
vein, which separate it from the bodies of the sixth, seventh, and eighth thoracic

vertebme.

On the whole the base is somewhat flattened. It is irregularly quadrilateral

in outline, and the terminations of the superior and inferior vense cavas and the
four pulmonary veins pass through it. The opening of the superior vena cava is

situated at the upper right angle, that of the inferior cava occupies the lower
angle on the right side ; between and a little to the left of those openings are the
orifices of the two right pulmonary veins, and immediately to the right of the
latter is the indistinct posterior interatrial sulcus, which descends to the left

of the orifice of the inferior vena cava. The openings of the two left pulmonary
veins are situated near the left border of the base. The portion of the surface
which lies between the right and left pulmonary ^'eins forms the anterior boundary
of a section of the pericardial cavity caUed the great oblique sinus.
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The base is limited below by the inferior part of the coronary sulcus, in which
the coronary sinus lies ; its upper border is iu relation witii the pulmonary
arteries. A fold of pericardium, the vestigial fold, descends, near the left border
of the base, from the left branch of the pulmonary artery, above, to the left superior
pulmonary vein below. It contains the ligamentum v. cavse sinistrge, and from
its lower end a small vein, the ohliqioe vein of the left atrium, passes below the
orifice of the lower left pulmonary vein, and descends to the coronary sinus.
Further, it is from the base that the visceral layer of the pericardium, which
elsewhere completely invests the heart, is reflected to the fibrous layer, the lines of
reflection corresponding with the orifices of the great vessels.^
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Fk;. 751.

—

The Stehno-costal Surface of Formalin-fixed Heart.

The a^pex, bluntly rounded, is formed entirely by the left ventricle. It is

directed downwards, anteriorly, and to the left, and is situated, under cover of
the anterior borders of the left lung and pleura, behind the fifth left intercostal
space, three and a half inches from the anterior median line.

The dia/phragmatic surface is formed by the ventricular part of the heart. It
rests upon the diaphragm, chiefly on the central tendon, but, upon the left side, on
a small portion of the muscular substance also, and it is divided into two areas—a smaller to the right side and a larger to the left side—by an oblique antero-
posterior groove, the inferior interventricular sulcus. It is separated from the base
by the posterior or inferior portiou of the coronary sulcus.

The sterno-costal surface is directed upwards, anteriorly, and to the left. It
lies posterior to the body of the sternum and the medial extremities of the
cartilages of the third, fourth, fifth, and sixth ribs of the right side, and a
greater extent of the corresponding cartilages of the left side. This surface
is separated into upper and lower sections by the anterior portion of the

In the fcetus and young child the atrial portion of the heart forms not only the base, but also the
posterior part of tlie inferior or diaphragmatic surface.
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coronary sulcus, which runs obliquely from above downwards, and from left to

right, from the level of the third left to that of the sixth right costal cartilage.

The upper section of the surface, which is concave anteriorly, is formed by the

atria ; it is separated from the sternum by the ascending aorta and the pulmonary

artery, and is continuous laterally with the auricles of the atria which, projecting

forwards, embrace the great vessels.

The lower section of the sterno-costal

surface is convex ; it is formed by the

ventricular part of the heart, and is

divided, by an anterior interventricu-

lar sulcus, into a smaller left and a

larger right part. At the junction of

the atrial and ventricular parts of

this surface are the orifices of the

pulmonary artery and the aorta, the

former lying anterior to the latter.

The right margin of the heart is

formed by the right atrium. It lies

posterior to the cartilages of the third,

fourth, fifth, and sixth ribs on the

right side, about half an inch from the

margin of the sternum ; it is in re-

lation with the right pleura and lung,

the phrenic nerve with its accompany-
ing vessels intervening, and it is

marked by a shallow groove— the

sulcus terminalis—which passes from

the front of the superior vena cava to

the front of the inferior vena cava.

The inferior margin of the sterno-costal surface is sharp, thin, and usually concave

corresponding with the curvature of the anterior part of the diaphragm; it is

formed mainly by the right ventricle and only near the apex by the left ventricle

It lies, almost horizontally, in the angle between the diaphragm and the anterior

wall of the thorax, passing from the sixth right costal cartilage, posterior to the

lower part of the body of the sternum, or the xiphoid process, and the cartilages

of the sixth and seventh ribs on the left side, to the apex of the heart.

The left margin is formed mainly by the left ventricle, and only to a small

extent by the left atrium; it is thick and rounded. It lies in relation with

the left pleura and lung, the phrenic nerve and its accompanying vessels inter-

vening, and it passes from just above the -third left costal cartilage, about an inch

from the sternum, to the apex of the heart, descending obliquely and with a con-

vexity to the left.

Fig. 752.

—

The Relation ok the Heart to the
Anterior Wall of the Thorax.

i; II, III, IV, V, VI, the upper six costal cartilages.

THE CHAMBERS OF THE HEART.

Atria.—The atrial or basal portion of the heart is cuboidal in form. Its long

axis, which lies transversely, is curved, with the concavity of the curve forwards.

Its cavity is divided into two chambers—the right and left atria—by a septum

which runs from the anterior wall backwards and to the right, so obliquely that

the right atrium lies anterior and to the right, and the left atrium posterior and

to the left.

Each atrium is also somewhat cuboidal in form, the long axes of both being

vertical, and each possesses a well-marked ear-shaped, forward prolongation, known
as the auricle, which ])rojects from its anterior and upper angle.

Atrium Dextrum.—The right atrium receives, posteriorly, the superior vena

cava above and the inferior vena cava below. Between them, and a little above

its middle, it is crossed posteriorly by the lower right pulmonary vein. It is con-

tinuous below and anteriorly with the right ventricle, at the atrio-ventricular
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aperture. Above and anteriorly it is in relation with the ascending aorta, and

from the junction of this aspect with the right lateral boundary the right

auricle is prolonged anteriorly and to the left. Its right side forms the right

margin of the heart, and is in relation with the right phrenic nerve and its accom-

panying vessels, and with the right pleura and lung, the pericardium intervening.

On the left the right atrium is limited by the oblique septum which separates it

from the left atrium. The sulcus terminalis is a shallow groove on the surface of

the right atrium, which passes from the front of the superior vena cava to the

front of the inferior vena cava. It indicates the junction of the primitive sinus

venosus with the atrium proper.

The interior of the right atrium is lined with a glistening membrane, the endo-
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Fig. 753.

—

The Cavities of the Right Atrium and Right Ventricle of the Heart.

From .1 foriDalin fixed heart.

cardium; its walls are smooth, except anteriorly and in the auricle where

muscular bundles, the musculi pectinati, form a series of small vertical columns.

The musculi pectinati terminate, above, in a crest, the crista terminalis, which corre-

sponds in position with the sulcus terminalis on the external surface.

At the upper and posterior part of the cavity is the opening of the superior

vena cava, devoid of a valve. At the lower and posterior part is the orifice of

the inferior vena cava, bounded, anteriorly, by the rudimentary valve of the vena

cava (O.T. Eustachian) ; and immediately anterior and to the left of this valve,

between it and the atrio-ventricular orifice, is tlie opening of the coronary sinus,

guarded by the unicuspid coronary valve. The atrio-ventricular aperture, guarded

by a tricuspid valve, is known as the tricuspid orifice. It is situated in the inferior

part of the anterior boundary, and admits three fingers. A number of small fossae,

foramina venarum minimarum, are scattered over the walls, and into some of

them the venae cordis minimae open. In the septal wall is an oval depression, the

fossa ovalis, bounded, above and anteriorly, by a raised margin, the limbus fossae

ovalis, which is continuous, inferiorly, with the valve of the vena cava; the fossa
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is the remains of an aperture, the foramen ovale, through which the two atria

communicated witli one another before birth. Even in the adult a portion of the

aperture persists at tlie upper part of the fossa in about one in live cases. Between

the apertures of the superior and inferior vense cavse, and posterior to the upper

part of the fossa ovalis, a small eminence may be distinguished, which is called

the tuberculmn intervenosum ; it ]>robably directs the blood from the superior vena

cava to the tricuspid orifice, during tu'tal life.

The valvula vense cavae inferioris is a thin and sometimes fenestrated fold of

endocardium and subendocardial tissue, which extends from the anterior and

lower margin of the orifice of the inferior vena cava to the anterior part of

the limbus ovalis. -It varies very much in size, and is usually of falciform shape

;

its apex is attached to the limbus fossae ovalis and its base to the margin of the

inferior caval orifice. It is an important structure in the foetus, directing the

blood from the inferior vena cava through the foramen ovale into the left atrium.

The valvula sinus coronarii is usually a single fold of endocardium which is
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Fig. 754.

—

The Bases of the Ventricles of the Heart, showing the auriculo-ventricular, aortic,

ami pulmonary orifices and their valves.

placed at the right margin of the orifice of the coronary sinus. It is almost

invariably incompetent.

Atrium Sinistrum.— The left atrium is in relation posteriorly with the

descending thoracic aorta and the oesophagus, but is separated from them by the

pericardium and the oblique sinus of the pericardium. Below and anteriorly it is

continuous w ith the left ventricle. Its sterno-costal surface is concave, and lies in

close relation to the ascending aorta, the pulmonary artery, and the left coronary

artery. Its right side, formed by the interatrial septum, is directed anteriorly and
to the right. Its left side forms a very small portion of the left margin of the

heart, and from it, at its junction with the antero-superior surface, the long and
narrow left auricle is prolonged, forwards, round the left side of the ascending

portion of the aorta and Jibe trunk of the pulmonary artery.

The four pulmonary veins enter the upper part of the posterior surface, two on

each side.

The interior of the left atrium is lined witli endocardium, and its walls are

smooth, except in the auricle, where musculi pectinati are present, and on the

septum, in a position corresponding with the upper part of the fossa ovalis on
the right side, where there are several musculo-fibrous bundles radiating anteriorly

and upwards. These septal bundles are separated at their bases by small semi-

lunar depressions, in the largest of which remains of the foramen ovale may
be found. Foramina venarum minimarum, and the apertures of vente cordis

minimse, are scattered irregularly over the inner aspect, whilst in the inferior
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part of the anterior boundary is the atrio-ventricular aperture or mitral orifice.

The orifice is oval in form ; its long axis is 'placed obliquely antero-posteriorly, and
from left to right, and is capable of admitting two lingers. It is guarded by a

valve formed of two large cusps, known as the mitral valve.

Ventriculi.—The ventricular portion of the heart is conical and somewhat
flattened. The base, directed upwards and posteriorly, is partly continuous with

the atrial portion and partly free. It is perforated by four orifices, the two
atrio-ventricular, the aortic, and the pulmonary. The atrio-ventricular orifices

are placed, one on each side, inferiorly and posteriorly ; anteriorly and between
them is the aortic orifice, whilst the

orifice of the pulmonary artery is still

more anterior, and slightly to the

left of the aortic orifice.

In the triangle between the atrio-

ventricular and the aortic orifices is

embedded a mass of dense fibrous

tissue which is the representative of

the OS cordis of the ox. It is con-

tinuous with the upper part of the

interventricular septum, and with
fibrous rings which surround the

apertures at the bases of the ven-
tricles.

The diaphragmatic surfaces and
the sterno-costal surfaces of the two
ventricles constitute respectively the

greater portions of the corresponding

surfaces of the heart ; the former

rest upon the diaphragm, whilst the

latter are directed upwards and
anteriorly towards the sternum and
the costal cartilages of the left side.

The apex of the left ventricle forms

the apex of the heart.

The inferior margin of the ven-

tricular region, which is thin, forms

the inferior margin of the heart

;

and the left margin, which is thick

and rounded, forms the greater part of

the left margin of the heart.

The ventricular portion of the heart is divided into right and left chambers

by the ventricular septum, which is placed obliquely, with one surface directed

anteriorly and to the right, and the other posteriorly and to the left ; it bulges

into the right ventricle, and its lower margin lies to the right of the apex of the

heart, which is, therefore, formed entirely by the left ventricle. The margins of

the septum are indicated on the two surfaces of the ventricular part of the heart

by anterior and inferior interventricular sulci.

Ventriculus Dexter.—The right ventricle is triangular in form. Its base is

directed upwards and to the right, and, in the greater part of its extent, it is

continuous with the right atrium, with which it communicates by the atrio-

ventricular orifice ; but its left and anterior angle is free from the atrium, and
gives origin to the pulmonary artery. Its inferior wall rests upon the diaphragm.

The sterno-costal wall lies posterior to the lower part of the left half of the

sternum and the cartilages of the fourth, fifth, and sixth ribs of the left side.

The left or septal wall, which is directed posteriorly and to the left, bulges into

its interior, and on this account the transverse section of the cavity has a semi-

lunar outline. The cavity itself is a bent tube consisting of an inferior portion or

body into which the atrio-ventricular orifice opens, and of an antero-superior part,

the infundibulum or conus arteriosus, which terminates in the pulmonary artery.

Fig. 755.

—

The Relations of the Heart and the
Atrio - Ventricular, Aortic, and Pulmonary
Orifices to the Anterior Thoracic Wall.

I to VII, Costal cartilages.

A, Aortic orifice.

Ao, Aorta.
C, Clavicle.
LA, Left atrium.
LV, Left ventricle.

M, Mitral orifice.

P, Pulmonary orifice.

RA, Ri^lit atrium.
RV, Riglit ventricle.

SVc, Sujjenor vena cava.
T, Tricusiji'l orifice.
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111 the angle Ix'tween the two limbs is a thick ledge of muscle, the supra-

ventricular crest.

Tlie right atrio-ventricular orifice is guarded by a tricuspid valve. Tlie three

cusps are an anterior, which intervenes between the atrio-ventricular orifice

and the infiindibulum, a medial or septal, and an inferior. Each cusp consists

of a fold ol endocardium, strengthened by a little intermediate filjrous tissue.

The buses of the cusps are generally continuous witli one another at the atrio-

ventricular orifice, wliere they are attached to a fibrous ring, but they may be

separated l>y small intermediate cusps which fill the angles between the main
segments. The apices of the cusps project into the ventricle. The margins,

which are thinner than the central portions, are notched and irregular. The
atrial surfaces are smooth. The ventricular surfaces are roughened, and, like the

margins and apices, they give attachment to fine tendinous cords, the chordae

tendineae. The opposite extremities of the chordie tendinete are attached to

muscular bundles, the musculi papillares, which project from the wall into the

cavity of the ventricle.

The pulmonary orifice, which lies anterior and to the left of the tricuspid orifice,

is guarded by a pulmonary valve composed of three semilunar segments, two of

which are placed anteriorly and one posteriorly. The convexity or outer border

of each semilunar segment is attached to the w^alL of the pulmonary artery. The
inner border is free, and it presents at its centre a small nodule, the nodulus valvulae

semilunaris. On each side of the nodule there is a small, thin marginal segment,

of semilunar form, the lunule. Each segment of the valve is formed by a layer of

endocardium on its ventricular surface, an endothelial layer of the inner coat of

the artery on its arterial surface, and an intermediate stratum of fibrous tissue.

Both the attached and the free margins of the cusps are strengthened by
fibrous bands, and strands of condensed fibrous tissue radiate from the outer

border of each cusp to the nodule, but they do not enter the lunulae. When the

valve closes the noduli are closely apposed, the lunulee of the adjacent segments
of the valve are pressed together, and both noduli and lunulae project vertically

upwards into the interior of the artery.

The cavity of the right ventricle is lined with endocardium ; the walls are

smooth in the conus arteriosus, but are rendered rugose and sponge-like in the

body by the inward projection of numerous muscular bundles, the trabeculae carnese.

The tieshy trabeculae are of two kinds : the simpler are merely columns raised

in relief on the wall of the ventricle ; the other class are rounded bundles, free

in the middle, but attached at each end to the wall of the ventricle. One special

bundle of the second group, called the moderator band, is attached by one extremity

to the septum, and by the other to the steruo-costal wall, at the base of the

anterior papillary muscle ; it tends to prevent over-distension of the cavity. In
addition to the trabeculae carneae conical muscular eminences, the musculi papillares,

project into the cavity of the ventricle. The bases of the papillary muscles are

continuous with the wall of the ventricle, and their apices terminate in numerous
chordae tendineae which are attached to the apices, the borders, and ventricular

surfaces of the cusps of the tricuspid valve.

The musculi papillares of the right ventricle are—(1) a large anterior muscle,

from which the chords pass to the anterior and inferior segments of the

valve ; (2) a smaller and more irregular inferior muscle, sometimes represented

by two or more segments, from which chordae pass to the inferior and medial

cusps ; and (3) a group of muscular bundles, varying in size and number,
which spring from the septum and are united by chordi^ to the anterior and
medial cusps.

The walls of the right ventricle, the septal excepted, are much thinner than
those of the left, but the trabeculae carneae are coarser and less numerous in the

right than in the left ventricle.

Ventriculus Sinister.—The left ventricle is a conical chamber, and its cavity

is oval in transverse section. The base is directed upwards and posteriorly, and in

the greater part of its extent it is continuous with the corresponding atrium,

with which it communicates through the mitral orifice; but anteriorly and to .the
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right of its communication with the atrium it is continued into the ascending
aorta.

The mitral orifice is oval ; its long axis runs obliquely from above down-
wards and to the right, and 'it is guarded by a valve consisting of two cusps,

which is known as the bicuspid or mitral valve. The two cusps of the valve

are triangular and of unequal size. The smaller of the two is placed to the left

and inferiorly ; and the larger, placed to the right and anteriorly, between the

mitral and aortic orifices, is known as the aortic cusp. The bases of the cusps

are either continuous with one another, at their attachments to the fibrous ring

around the mitral orifice, or they are separated by small intermediate cusps of

irregular form and size. The apices of the cusps project into the cavity of the

ventricle. The atrial surfaces are smooth ; the ventricular surfaces are roughened
by the attachments of the chordse tendinese, which are connected also with the

irregular and notched margins and with the apices. The structure is the same
as that of the cusps of the tricuspid valve, but the ventricular surface of the

anterior cusp is relatively smooth ; therefore the blood flow into the aorta is

not impeded.

The aortic orifice is circular ; it lies immediately anterior and to the right of

the mitral orifice, from which it is separated by the anterior cusp of the mitral

valve, and it is guarded by the aortic valve, formed of three semilunar segments,

one of which is placed anteriorly and the other two posteriorly. The structure

and attachments of the cusps of the aortic valve are similar to those of the

cusps of the pulmonary valve (see p. 877).

The cavity of the left ventricle is separable, like that of the right, into two
portions, the body and the aortic vestibule ; the latter is a small section placed

immediately below the aortic orifice ; its walls are non-contractile, consisting of

fibrous and fibro - cartilaginous tissue. The wall of the cavity is lined by
endocardium. . The inferior wall and the apex are rendered sponge-like by numerous
fine trabecules carnese, whilst the upper part of the sterno-costal wall and the

septum are relatively smooth.

There are two papillary muscles of much larger size than those met with in the

right ventricle—an anterior and an inferior ; each is connected by chordse tendineae

with both cusps of the mitral valve.

The walls of the left ventricle are three times as thick as those of the right

ventricle, and they are thickest in the region of the widest portion of the cavity,

which is situated about a fourth of its length from the base. The muscular portion

of the wall is thinnest at the apex, but the thinnest portion of the boundary lies at

the upper part of the septum, and it consists entirely of fibrous tissue ; this part

is occasionally deficient, and an aperture is left through which the cavities of the

two ventricles communicate.
The ventricular septum is a musculo-membranous partition. It is placed

obliquely, so that one surface looks anteriorly and to the right, and bulges into the

right ventricle, whilst the other looks posteriorly 'and to the left and is concave

towards the left ventricle. Its sterno - costal and inferior margins correspond

respectively with the anterior and the inferior portions of the interventricular

sulcus, and it extends from the right of the apex to the interval between the

pulmonary, the aortic, and the atrio-ventricular orifices. The main part of its

extent is muscular, and is developed from the wall of the ventricular part of the

heart ; but its upper and posterior portion, the pars membranacea, which is developed

from the septum of the truncus arteriosus, is entirely fibrous, and constitutes the

thinnest portion of the ventricular walls. The pars membranacea lies between the

aortic vestibule of the left ventricle, on the left, and the upper part of the right

ventricle and the lower and left part of the right atrium, on the right.

Structure of the Heart.

The -walls of tlie heart consist mainly of peculiar striped muscle, the myocardium, which is

enclosed between the visceral layer of the pericardium, or epicardium, externally, and the
endocardium internally. The muscular fibres differ from those of ordinary voluntary striped
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muscle in several ways : tliey are shorter, many of them being oblong cells, with forked ex-

tremities wliich arti closely cenunited to similar i)rocesses of adjacent cells ; they form a reticulum,

and tlio nuclei lie in the centres of the cells. Moreover, still more peculiar fibres, tht; fibres of

Purkinje, are found immediately beneath the subendocardial tissue. Tlie fibn-s of Purkinje
arc large cells which unite with one another at their extremities; their central portions consist

of givinular protoplasm, in whidi sometimes one but more fre([uently two nuclei are embedded,
anil the peripheral jKirtion of each cell is transversely striated. These cells, in short, present, in

a permanent form, a condition which is transitory in all other striped muscle cells.

The reticulating canliac muscle cells are grouped in sheets and strands which have a more or
less characteristic and definite arrangement in different parts of the heart ; by careful dis-

section, and after special methods of preparation, it is possible to recognise many layers and
bundles, some of wliich are, however, probably artificially produced.

In the atria tlie muscular fasciculi fall naturally into two groups: (o) superficial fibres

common to botli atria
;

(b) deep fibres special to each atrium.

The superficial fibres are most numerous on the stemo-costal aspect and in the neighbourhood
of the coronary sulcus. They run transversely across the atria and a few of them dip into the
interatrial septum.

The deep fibres are—(1) looped fibres. The extremities of the looped fibres are attached to

the fibrous rings around the atrio-ventricular orifices and the fibres pass antero-posteriorly over
the atria. (2) Annular fibres which surround (a) the extremities of the large vessels which open
into the atria

; (6) the auricles
;

(c) the fossa ovalis.

In the ventricles the muscular fasciculi form more or less definite V-sbaped loops which
commence from and end at the fibrous rings which surround the large orifices at the bases of the
ventricles. In their courses the loops embrace the cavities of either one or both ventricles, one
stem of each loop lying on the outer surface of the heart and the other in the interior, and some
of the loops possessing very acute whilst others have very open bends.

The superficial fibres on the sterno-costal surface pass towards the left, those on the inferior

surface towards the right. At the apex all are coiled into a whorl or vortex through which they
pass into the interior of the ventricular walls and run towards the base, some in the septum
and others in the papillary muscles. The various bundles which have been described can,

according to Mall, be resolved into two main systems. One system arises from the conus
arteriosus and the root of the aorta, that is from the remains of the primitive aortic trunk :

it is called the " bulbo-spiral " system. The other springs from the region of the primitive
venous sinus and is termed the "sino-spiral." Both systems are separable into superficial and
deep portions, and the general plan of more or less spirally curved V-shaped loops is retained
in each, but the details of the arrangement are too complicated for consideration within the
limits of an ordinary text-book (see Arner. Joum. of Anat. vol. ii. 1910-1911).

The Atrio-Ventricular Bundle.—It would appear from the preceding description that the
muscle-fibres of the atria and the ventricles are entirely separated from one another by the fibrous

rings which surround the atrio-ventricular orifices ; that, however, is not the case, for the two
groups are connected together by a bundle of muscle fibres of pale colour and rudimentary
structure, which lies immediately adjacent to the endocardium and constitutes the atrio-ventricular

bundle.

The Inindle commences in a nodular enlargement which lies in the lower part of the wall
of the right atrium, close to the base of the medial cusp of the tricuspid valve. From that point
the bundle runs along the posterior and lower borders of the membranous part of the ventricular
septum to the upper and posterior part of the muscular portion of the septum, where it divides

into right and left branches. The right branch runs along the right side of tlie ventricular

septum to the moderator band, along which it passes into the anterior papillary muscle of the
right ventricle. The left branch nms along the left side of the septum ana both branches give
off numerous ramifications, by means of which the main bundle is associated with all parts of

the walls of the two ventricles.

Both the function and the origin of the atrio-ventricular bundle are uncertain. After the
discovery of the bundle it was asserted that impidses were conveyed from the atria to the
ventricles by the muscle fibres of the atrio-ventricular bundle and by them alone ; more recently

it has been shown that minute nerve fibrils are intimately intermingled with the muscle fibres of
the bundle, and it has yet to be decided whether the impulses which pass from the atria to

the ventricles, for the purpose of maintaining the proper sequence of the movements of the
chambers, travel by the nerve fibrils or the muscle fibres or by both.

The atrio-ventricular bundle is probably a remnant of the muscular continuity which
existed in the early stages of development between the atrial and ventricular chambers of the
heart, but it may be, wholly or in part, a new formation.

The epicardium, or visceral ]X)rtion of the pericardium, consists of white connective and
of elastic tissue, the latter forming a distinct reticulum in the deeper part. The surface which
looks towards the pericardial cavity is covered with flat polygonal endothelial plates, which are

partially separated, here and there, by stomata. It has been asserted that the pericardial cavity
communicatis witli the lymphatics of the epicardium through the stomata.

The endocardium lines the cardiac cavities and is continuous with the inner coats of the
vessels which enter and leave the heart. It consists, like the epicardium, of white connective
tissue and elastic fibres, but it is much thinner than the epicardium, and its elastic fibres are in
some places blended into a fenestrated membrane. Its inner surface is covered with endothelial
cells, and it rests externally upon the subendocardial tissue, in which there are blood-vessels and
nerves ; the endocardium itself is entirely devoid of vessels.
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Size of the Heaxt.—^The heart is about 125 mm. (five inches) long, 87 mm. (three and a half

inches) broad ; its greatest depth from its sterno-costal to its diaphragmatic surface is 62 mm. (two

and a half inches), and it is roughly estimated as being about the same size as the closed fist. The
size, however, is variable, the volume increasing at first rapidly, and then gradually, with increasing

age, from 22 cc. at birth to 155 cc. at the fifteenth year, and to 250 cc. by the twentieth year.

From that period to the fiftieth year, when the maximum volume (280 cc.) is attained, the in-

crease is much more gradual, and after fifty a slight decrease sets in. The volume is the same
in both sexes up to the period of puberty, but thereafter it preponderates in the male.

Weight.—The average weight of the heart in the male adult is 310 grms. (11 ounces), and in

the female adult 255 grms. (9 ounces) ; but the weight varies greatly, always, however, in definite

relation to the weight of the body, the relative proportions changing at different periods of life.

Thus at birth the heart weighs 24 grms. (13^ drachms), and its relation to the body weight
is as 1 to 130, whilst in the adult the relative proportion is as 1 to 205. The heart is said to

increase rapidly in weight up to the seventh year, then more slowly up to the age of puberty,

when a second acceleration sets in ; but after the attainment of adult life the increase, which
continues till the seventieth year, is very gradual.

The above changes affect the whole heart, but the several parts also vary in their relation to

one another at different periods of life. During foetal life the right atrium is heavier than the left

;

in the first month after birth the two become equal ; at the second year the right again begins

to preponderate, and it is heavier than the left during the remainder of life. In the latter part

of fcetal life the two ventricles are equal ; after birth the left grows more rapidly than the right,

until, at the end of the second year, a position of stability is gained, when the right is to the left

as 1 to 2, and this proportion is maintained until death.

Capacity.—During life the capacity of the ventricles is probably the same, and each is capable

of containing about four ounces of blood, whilst the atria are a little less capacious. After

death the cavity of the right ventricle appears larger than that of the left.

Vascular Supply of the Heart.—The walls of the heart are supplied by the coronary arteries

(p. 887), the branches of which pass through the interstitial tissue to all parts of the muscular

substance and to the subendocardial and subepicardial tissues ; the endocardium and the valves

are devoid of vessels. The capillaries, which are numerous, form a close-meshed network around

the muscular fibres. Sometimes the valves contain a few muscular fibres, and in those cases they

also receive some minute vessels. The majority of the veins of the heart end in the coronary

sinus, which opens into the lower part of the right atrium ; some few very small veins, how-
ever, open directly into the right atrium, and others are said to end in the left atrium, and
in the cavities of the ventricles.

Lymphatics of the Heart.—Lymphatic vessels are freely distributed throughout the whole
substance of the heart. They all communicate with the superficial network which lies beneath

the epicardium. The efferent vessels from the subepicardial network accompany the coronary

arteries to the coronary sulcus and pass thence to the anterior mediastinal glands (p. 1011).

Nerves of the Heart.—The heart receives its nerves from the superficial and deep cardiac

plexuses. The former lies beneath the aortic arch and the latter between the arch and the bifurca-

tion of the trachea. Through the plexuses it is connected with the vagus, the accessory

(through the vagus), and the sympathetic nerves. After leaving the cardiac plexuses many of

the nerve -fibres enter the walls of the atria and anastomose together in the subepicardial

tissue, forming a plexus in which many ganglion cells are embedded, especially near the

terminations of the inferior vena cava and the pulmonary veins. From the subepicardial

atrial plexus, nerve filaments, on which nerve ganglion cells have been found, pass into the

substance of the atrial walls.

Other fibres from the cardiac plexuses accompany the coronary arteries to the ventricles, and
upon those also ganglion cells are found in the region immediately below the coronary sulcus.

The nerve-fibres which issue from the ganglionated plexuses of the heart are non-medullated.

They form fine plexuses round the muscle fibres, and they terminate either in fine fibrils on the

surfaces of the muscle fibres, or in nodulated ends which lie in contact with the muscle cells.

PERICARDIUM.

The pericardium is a fibro-serous sac which surrounds the heart. It lies in

the middle mediastinum, and is attached below to the diaphragm, and above and

posteriorly to the roots of the great vessels. Anteriorly and posteriorly it is in

relation with the structures in the corresponding mediastina and laterally it is in

close apposition with the pleural sacs.

The fibrous pericardium is a strong fibrous sac of conical form ; its base is

attached to the central tendon and to the adjacent part of the muscular sub-

stance of the diaphragm, and it is pierced by the inferior vena cava. At its apex

and posteriorly it is gradually lost upon the great vessels which enter and emerge

from the heart, giving sheaths to the aorta, the two branches of the pulmonary
artery, the superior vena cava, the four pulmonary veins, and the ligamentum

arteriosum. Its anterior surface forms the posterior boundary of the anterior
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mediastinum, and it is attached, above and below, by the superior and inferior

sterno-pericarilial ligaments, to the sttTnum. In the greater part of its extent
it is separated from the anterior wall of the thorax by the anterior margins of the
lungs and pleural sacs, but it is in direct relation with the left half of the lower
portion of the body of the sternum and, in many cases, with the medial ends of the
cartilages of the fourth, fifth, and sixth ribs of the left side and the left transversus

thoracis muscle. Its posterior surface forms the anterior boundary of the posterior
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—

Posterior Wall of the Pericardium after the Kemoval ok the Heart.
Showing the relation of the serous pericardium to the great vessels.

mediastinum ; it is in relation with the cesophagus and the descending aorta,

both of which it separates from the back of the left atrium. Each lateral aspect

is in close contact with the mediastinal portion of the parietal pleura, the phrenic

nerve and its accompanying vessels intervening. The inner surface of the fibrous

sac is lined by the serous pericardium, which is closely attached to it.

The serous pericardi\ira is a closed sac containing a little fluid (liquor peri-

cardii). It is surrounded by the fibrous pericardium and invaginated by the heart.

It is, therefore, separable into two portions—the parietal, which lines the inner sur-

face of the fibrous sac, and the visceral, which ensheaths, or partially ensheaths, the

heart and the great vessels ; but the two portions are, of course, continuous with

line another where the serous layer is reflected on to the great vessels as they pierce

the fibrous layer.. The majority of the great vessels receive only partial coverings

from the visceral layer : thus, the superior vena cava is covered anteriorly and on
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each side ;
the pulmonary veins anteriorly, above, and below ; and the inferior vena

cava anteriorly and on each side. The aorta and the pulmonary artery are enclosed
together in a complete sheath of the visceral layer. Therefore, when the pericardial

sac is opened from the front, it is possible to pass the fingers behind them and
in front of the atria, from the right to the left side, through a passage called the
great transverse sinus of the pericardium (Fig. 756). The spaces or pouches which
intervene between the vessels which receive partial coverings from the serous

pericardium are also called sinuses ; and the largest of them, which is bounded
below and on the right by the inferior vena cava, and above and on the left by
the left inferior pulmonary vein, is known as the great oblique sinus. It passes

upwards and to the right behind the left atrium, and lies anterior to the oesophagus
and the descending thoracic aorta.

A small fold of the serous pericardium, the vestigial fold, passes from the left

pulmonary artery to the left superior pulmonary vein, posterior to the left extremity
of the transverse sinus. It merits special attention because it encloses a fibrous

strand, the ligamentum vence cavce sinistrce. This is a remnant of the left superior

vena cava or duct of Cuvier, which atrophied at an early period of foetal life.

Structure.—The fibrous pericardium consists of ordinary connective tissue fibres felted

together into a dense, unyielding membrane. The serous pericardium is covered on its inner
aspect by a layer of flat endothelial cells. The endothelium rest upon a basis of mixed white
and elastic fibres in which run numerous blood-vessels, lymphatics, and nerves.

ARTERI^.

AETEEIA PULMONALIS.

The pulmonary artery springs from the anterior and left angle of the base

of the right ventricle, at the termination of the conus arteriosus. It is slightly

larger at its commencement than the aorta, and is dilated, immediately above the

cusps of the valve, into three pouches, the sinuses of the pulmonary artery. It runs
upwards and posteriorly, towards the concavity of the aortic arch, curving from the

front round the left side of the ascending aorta to reach a plane posterior to the

latter ; and it terminates, by dividing into right and left branches, opposite the

fifth thoracic vertebrte. Its length is a little more than two inches.

Relations.—The pulmonary artery is enclosed within the fibrous pericardium,

and is enveloped, along with the ascending aorta, in a common sheath of the

visceral layer of the serous pericardium. It lies behind the anterior extremity
of the second left intercostal space, from which it is separated by the anterior

margins of the left lung and pleural sac.

Its posterior relations are the bulb of the aorta, the anterior wall of the left

atrium, and the first part of the left coronary artery. To the right it is in relation

with the right coronary artery, the auricle of the right atrium, and the ascending

aorta, and to the left with the left coronary artery and the auricle of the left

atrium. Immediately above its bifurcation, between it and the aortic arch, is the

superficial cardiac plexus.

The right branch of the pulmonary artery is longer and larger than the

left. It passes to the hiluiu of the right lung, forming one of the constituents of

the root of the lung, and, after entering the lung, it descends, with the main
bronchus, to the lower extremity of the organ.

Relations.—Before it euters the lung the right pulmonary artery passes posterior to

the ascending aorta, the superior vena cava, and the upper right pulmonary vein. At first,

it lies below the arch of the aorta and the right bronchus, anterior to the oesophagus, and
above the Ipft atrium and the lower right pulmonary vein ; then it crosses anterior to the

right bronchus, immediately below the eparterial branch of that bronchus, and reaches the

hilum of the lung. After it has passed through the hilum the artery descends, in the lung,

posterior and lateral to the main bronchus and between its ventral and dorsal branches.

Branches.—Before entering the hilum it gives off a large branch to the upper lobe

of the right lung which accompanies the eparterial bronchus, and in the substance of

1
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the lung it gives oft' numerous branches which correspond with and accompany thii

dorsal, ventral, and accessory branches of the right bronchus (see p. 1097).

The left branch of the pulmonary artery, sliorter, Hinaller, and somewhat

higher in position tlian the ri<^f lit, passes laterally and posteriorly from the bifurca-

FiG. 757.

—

The Pulmonary Akteries and Veins and their Relations in a Formalin-

hardened Preparation.

The ascending aorta and part of the superior vena cava have been removed.
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tion of the pnlmonary stem, and runs, in the root, to the hilum of the left lung ; it

then descends, in company with the main bronchus, to the lower end of the lung.

Relations.—Before it enters the lung it is crossed, anterioi-ly, by the upper left

pulmonarv vein
;
posterior to it, are the left bronchus and the descending aorta ; above, are
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the aortic arch, to which it is connected by the ligamentum arteriosum, and the left re-

current nerve ; below, it is in relation with the lower left pulmonary vein. After entering

the lung it descends, like the right pulmonary arteiy, posterior and lateral to the stem

bronchus, and between its ventral and dorsal branches.

Branches.—Just before it passes through the hilum it gives off a branch to the

upper lobe of the left lung, and in the substance of the lung its branches correspond

with the ventral, dorsal, and accessory branches of the bronchial tube.

THE SYSTEMIC AETEEIES.

AOETA.

The aorta is the main trunk of the general arterial system. It commences at the

base of the left ventricle and ascends, with an inclination to the right, to the level

of the feecond right costal cartilage ; then it curves backwards and to the left, until

it reaches the left side of the lower border of the fourth thoracic vertebra ; there

it turns downwards and descends, through the thorax into the abdomen, where it

terminates, on the left of the median plane, at the level of the fourth lumbar
vertebra, by bifurcating into the two common iliac arteries. The portion of the

aorta which is situated in the thorax is, for convenience, termed the thoracic aorta,

and the rest of the vessel is known as the abdominal aorta.

AOETA THOEACALIS.

The thoracic aorta is subdivided into aorta ascendens, arcus aortae, and aorta

descendens.

Aorta Ascendens.—The ascending aorta lies in the middle mediastinum. It

springs from the base of the left veiitricle, posterior to the left margin of the sternum,

opposite the lower border of the third left costal cartilage and at the level of the

body of the sixth thoracic vertebra. From its origin it passes upwards, anteriorly,

and to the right, and it terminates in the arch of the aorta, posterior to the right

margin of the sternum, at the level of the second costal cartilage. Its length

is from 50 to 56 mm. (2 to 2\ inches), and its diameter is 28 mm. (1|- inches).

In the adult it is a little narrower at its commencement than the pulmonary
artery is, but in old age it enlarges and exceeds the latter vessel in size. The
diameter, however, is not uniform throughout the whole length of the ascending

aorta. Its dilated commencement, the bulbus aortae, has three secondary dilatations,

the sinus aortae (Valsalva) in its wall, immediately above the semilunar cusps of

the aortic valve ; one is anterior in position, and two are situated posteriorly. At
a higher level there is a diffuse bulging of the right wall, which is known as the

great sinus of the aorta.

Relations.—The ascending aorta is completely enclosed within the fibrous peri-

cardium which blends above with the sheath of the vessel, and it is enveloped, together

with the stem of the pulmonary artery, in a tubular prolongation of the serous pericar-

dium. At its origin it has the pulmonary artery in front, the transverse sinus of the

pericardium and the anterior wall of the left atrium behind, and the right atrium on its

right side. In the upper part of its course the ascending aorta is overlapped by the

anterior margins of the right lung and right pleural sac, whilst posterior to it are the

right atrium, the right branch of the pulmonary artery, the right bronchus, and the left

margin of the superior vena cava. The superior vena cava lies on the right side, and

partly posterior to the upper part of the ascending aorta, whilst the pulmonary artery is

at first anterior to it and then, at a higher level, on its left side.

Branches.—Two branches arise from the ascending aorta, viz., the right and the left

coronary arteries. The right coronary artery springs from the anterior, and the left

from the left posterior sinus of the aorta (Valsalva) (Fig. 751).

Arcus Aortae.—The arch of the aorta lies in the superior mediastinum, posterior

to the lower part of the manubrium stemi, and connects the ascending with the

descending aorta. It commences posterior to the right margin of the sternum, on

a level with the second costal cartilage, and extends to the left side of the lower-j
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border of the I'ourth thoracic vertebra. As its naiiit! implies, it forms an arch

;

and the arch makes two curves, one with the convexity ui)war(ls, and the other
with the convexity forwards and to the left. From its origin it runs for a short
distance upwards, posteriorly, and to the left, anterior to the trachea; then it

passes posteriorly, round the left side of the trachea to the left side of the body
of the fourth thoracic vertebra. Finally it turns downwards to become continuous
with the descending aorta.

At its commencement it has the same diameter as the ascending aorta, 28 mm.
(IJl inches), but after giving olf three large branches, the diameter is reduced to

2o mm. ('a little less than one inch).

Relations.—It is overlapped anteriorly and on tlie left side by the right and left

lung.s and pleural sacs, but much more by the left than the right, and in the interval

between and pcsterior to the anterior border-s of the pleural sacs it is covered by the
remains of the thymus. As it turns backwards it is crossed vertically, on the left side,

by four nerves in the following order from before backwards :—the left phrenic, the
inferior cervical cardiac branch of the left vagus, the superior cardiac branch of the left

sympathetic, and the trunk of the left vagus. The left superior intercostal vein passes
obliquely upwards and to the right, across it, between the left vagus and left

phrenic nerves.

Posterior to, and to the right side of the arch, are the trachea, the deep cardiac plexus,
the left recurrent nerve, the left border of the oesophagus, and the thoracic duct. Above
are its three large branches—the innominate, the left common carotid, and the left

subclavian arteries ; and crossing anterior to their roots is the left innominate vein.

Below is the bifurcation of tlie pulmonary artery and the root of the left lung ; the
ligamentum arteriosum, which is also below, attaches it to the commencement of the left

pulmonary artery, whilst to the right of the ligament lies the superficial cardiac plexus,
and to its left the left recurrent nerve.

Branches.—The three great vessels which supply the head and neck, part of the
thoracic wall, and the upper extremities—viz. the innominate, the left common carotid,
and the left subclavian arteries—arise from the aortic arch.

Aorta descendens.—The thoracic portion of the descending aorta lies in the
posterior mediastinum ; it extends from the termination of the arch, at the lower
border of the left side of the fourth thoracic vertebra, to the aortic opening in the
diaphragm, where, opposite the twelfth thoracic vertebra, it becomes continuous
with the abdominal portion. Its length is from 17"5 to 20 cm. (seven to eight
inches), and its diameter diminishes from 23 mm. at its commencement to 21
mm. at its termination.

Relations.—Immediately posterior to it are the vertebral column and the anterior
longitudinal ligament. It rests also on the accessory hemiazygos and the hemiazygos
veins, whilst from its posterior aspect the aortic intercostal branches are given ofi".

Anteriorly it is in relation, from above downwards, with the root of the left lung, the
pericardium, which sejiarates it from the back of the left atrium, the oesophagus with the
o-sophageal plexus of nerves, and the crura of the diaphragm which separate it from the
caudate lobe of the liver. On the left side are the left lung and pleura. On the right side

the thoracic duct and the vena azygos form immediate relations along its whole length.
The oesophagus also lies to the right of the upper part of the descending aorta, whilst the
right lung and pleura are in relation below.

Branches.—Nine pairs of aortic intercostal arteries, two left bronchial arteries, four
or five oesophageal, some small pericardial, and a few posterior mediastinal and superior
phrenic branches, usually arise from the thoracic part of the descending aorta.

AORTA ABDOMINALIS.

The abdominal portion of the descending aorta lies in the epigastric and
umbilical regions of the abdomen. It extends from the middle of the lower border
of the last thoracic vertebra to the body of the fourth lumbar vertebra, where, to the
left of the median plane, it bifurcates into the right and left common iliac arteries.

The point of division is a little below and to the left of the umbilicus, opposite
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a line drawn transversely across the abdomen on a level with the highest points of

the iliac crests.

At its commencement it is 21 mm. in diameter, but after the origin of two large

branches, the coeUac and the superior mesenteric arteries, it diminishes considerably,

and then retains a fairly uniform diameter to its termination.

Relations.—Posteriorly, it is in contact with the upper four lumbar vertebrie and
intervening fibro-cartilages, the anterior longitudinal ligament, and the left lumbar veins

;
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Fig. 758.—The Abdominal Aorta and its Branches in a For.mai.in-haudened Preparation.

the lumbar and the middle sacral arteries spring from the posterior surface of the vessel.

Anteriorly, and in close relation with it, there are from above downwards the following

structures : the coeliac axis and coeliac plexus, the pancreas and splenic vein, the superior

mesenteric artery, the left renal vein, the third part of the duodenum, the root of the

mesentery, the aortic plexus, the inferior mesenteric artery, the peritoneum and coils of

small intestine. More superficially the stomach, the transverse colon, and the greater and

lesser omenta are in front. On the right side, in the upper part of its extent, are the

thoracic duct and cisterna chyli, the vena azygos, and the right crus of the diaphragm,

the latter separating it from the right coeliac ganglion and from the upper part of the
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inferior veua cava. Its lower part is in direct relation, on the right side, with the inferior

vena cava. On the le/t'sule, the left cms of the diaphragm with the left ca-liac ganglion,

and the terminal portion of the duodennm, are in close relation with its npper part, whilst

in the lower portion of its extent the peritoneum and some coils of the small intestine

are in contact with it. Lumbar lymph glands lie around it, on all sides.

Branches.—The branches form two groups, visceral and parietal, and each group

consists of paired and unpaired vessels, as follows :-

—

Visceral.
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They are three in number, viz., the innominate, the left common carotid, and
the left subclavian arteries. The innominate is a short trunk, from the termination
of which the right common carotid and the right subclavian arteries spring (Figs.

756 and 757) ; thus there is, at first, a difference between the stem vessels of opposite
sides, but the subsequent course and the ultimate distribution of those vessels

closely correspond.

ARTERIA ANONYMA.

The innominate artery (Fig. 757) arises, posterior to the middle of the

manubrium sterni, from the convexity of the arch of the aorta near its right

or anterior extremity, and it ends opposite the right sterno-clavicular articulation,

where it divides into the right subclavian and right common carotid arteries.

Course.—The trunk measures from 37 to 50 mm. in length ; it runs upwards,
posteriorly, and laterally, in the superior mediastinum, to the root of the neck.

Relations.

—

Posterior.—It is in contact behind, with the trachea below and with
the right pleural sac above.

Anterior:—The left innominate vein crosses in front of the lower part of the artery,

and above that the sterno-thyreoid muscle separates it from the sterno-hyoid and the

right sterno-clavicular joint. The remains of the thymus, which separate it from the
manubrium sterni, are also in front.

Eight Lateral.—The right innominate vein and the upper part of the superior vena
cava are on the right side of the artery.

Left Lateral.—On its left side is the origin of the left common carotid artery, whilst

at a higher level the trachea is in contact with it.

Branches.—As a rule the innominate artery does not give off any branches except

its two terminals, but occasionally it furnishes an additional branch, the thyreoidea ima.

The thyreoidea ima is an inconstant and slender vessel. When present it

may arise from the arch of the aorta, but it springs usually from the lower part of

the innominate. It passes upwards, anterior to the trachea, through the anterior

part of the superior mediastinum and the lower part of the neck, and gives off

branches to the lateral lobes and isthmus of the thyreoid body and to the trachea.

THE ARTEKIES OF THE HEAD AND NECK.

The vessels distributed to the head and neck are chiefly derived from the

carotid trunks ; there are, however, in addition, other vessels which arise from the

main arterial stems of the upper extremities, and it will be advantageous to

de.scribe the most important of those, viz., the vertebral arteries, with the carotid

system. The smaller additional branches will be considered along with the

remaining branches of the subclavian arteries.

The carotid system of arteries consists, on each side, of a common carotid trunk,

which divides into internal and external carotid arteries, from which numerous
branches are given off (Figs. 759, 760, 761, 764).

The internal carotid arteries are distributed, almost entirely, to the contents of

the cranial cavity, internal to the dura mater, and to the structures in the cavity

of the orbit. The external carotid arteries, on the other hand, supply structures of

the head and neck more externally situated.

It is to be noted, however, that the vascular supply of the brain is not wholly

derived from the internal carotid vessels, but that it is contributed to, largely, by

the vertebral arteries also.

ARTERL'E CAROTIDES COMMUNES.

The right and the left common carotid arteries are of unequal length. The
right common carotid commences at the bifurcation of the innominate artery

posterior to the right sterno-clavicular articulation ; the left arises in the superior

mediastinum, from the arch of the aorta ; but each terminates at the level of

the upper border of the thyreoid cartilage ; the left artery has thus a short intra-
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thoracic course, and, so iar, its relations call lor sejjarate consideration ; whilst in

the rest of its course it passes upwards in the neck, like the right common carotid,

and has aliuost similar relations.

Thoracic Portion of the Left Common Carotid.—The thoracic or mediastinal

portion of tiie left common carotid artery extends from the upper aspect of the

aortic arch, immediately jiosterior and to the left of the origin of the innominate

artery, to the left sterno-clavicular articulation, where the cervical portion com-

mences. It is from 25 to :^7 mm. (1 or Ih inches) in length, and it runs

upwards and slightly laterally through the upper part of the superior mediastinum.

It lies on a more posterior plane than the innominate artery.

Relations.—^-^os^em'or.—The vessel is in contact posteriorly, and from below upwards,

with tlic trachea, the left recnrrent nerve, the oesophagus, and the thoracic duct ; and the

thoracic part of the left subclavian artery is a postero-lateral relation.

Anterior.—The left innominate vein runs obliquely across the anterior aspect of the

artery, upon which cardiac branches from the left vagus and sympathetic descend

vertically. These structures, together with the remains of the thynuis and the anterior

margins of the left lung and pleura, separate the artery from the manul)rium sterni,

and from the origins of the sterno-hyoid and sterno-thyreoid nuiscles.

^fedial.—The innominate artery below, and the trachea above, are on the right side.

Lateral.—The left pleura, and, on a posterior plane, the left phrenic and vagus nerves

and the left subclavian artery are on its left side.

Cervical Portion of the Left Common Carotid Artery.—The cervical part of

the left common carotid artery is about 85 uim. (three and a half inches) long ; it

extends from the left sterno-clavicular articulation to the level of the upper border

of the thyreoid cartilage and the lower border of the third cervical vertebra, where

it ends by dividing into the external and internal carotid arteries.

Course.—It runs upwards, laterally, and backwards, through the muscular and

in the lower portion of the carotid divisions of the anterior triangle of the neck.

Below it is separated from its fellow of the opposite side by the trachea and the

oesophagus, and above by the relatively wide pharynx.

Relations.—It is enclosed, together with the internal jugular vein and the vagus

nerve, in a sheath of deep cervical fascia—the carotid sheath.

Posterior.—The longus colli and scalenus anterior, below, and the longus capitis, above,

are separated from the posterior surface of the artery and its sheath by the prevertebral

fascia and the sympathetic trunk. The vertebral arterj' and the thoracic duct are posterior

to it at the level of the seventh cervical vertebra ; the inferior thyreoid artery crosses

behind it, either between it and the vertebral or between it and the transverse process of

the sixth cervical verteV^ra, and the vagus nerve lies postero-lateral to it.

Superjicial.—The descendens branch of the hypoglossal nerve lies sxipci'ficial to the

artery, usually outside the sheath, but sometimes enclosed in it (Fig. 7")9). Opposite the

sixth cervical vertebra the omo-hyoid muscle and the sterno-mastoid branch of the superior

thyreoid artery cross superficial to the carotid artery, which is overlapj)ed, above the omo-

hyoid muscle, by the anterior border of the sterno-mastoid and by cervical lymph glands.

It is frequently crossed, in that part of its extent, by the superior thyreoid vein (Figs. 7o9,

766). Below the omo-hyoid the artery is covered by the sterno-thyreoid, the sternohyoid,

and the sterno-mastoid muscles, and it may be overlapped by the lateral lobe of the

thyreoid gland ; it is also crossed, deep to the muscles, by the middle thyreoid vein, whilst

occasionally a conununication between the common facial and anterior jugidar veins

descends anterior to the artery along the anterior border of the sterno-mastoid. Just

above the sternum the anterior jugular vein is in front of the artery, but separated from

it by the sterno-hyoid and sterno-thyreoid muscles.

Medial.—The trachea and a^sophagus, with the recurrent nerve in tlic angle between

them, are medial to the lower part of the artery ; the larynx and pharynx are medial

to its upper part. The carotid gland or glomus caroticum lies on the medial side of the

termination of the artery.

Lateral.—The internal jugular vein occupies the lateral part of the carotid sheath.

The vein lies not only to the lateral side of the artery, but also slightly in front of it,

especially in the lower part of the neck.

Branches.—As a rule no branches are given off from either of the common carotid
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arteries, except the terminal branches and some minute twigs from each to the correspond-
ing carotid sheath and glomus caroticum.

The right common carotid artery, as already stated, differs as regards origin
from the left common carotid. In length and general position it corresponds with
the cervical portion of the left common carotid, and its relations also are very
similar. Such differences as exist may be briefly summarised as follows:—The

A. et X., supraorbitalii

.\. et v.. frontalis

A. et v., teinpuralis superficialis .

A. et V auricnlares posteriores .

End of A. carotis extenia --

A. et v., ouL'ipitalis

N. occipitalis tertius

Mm. digastricus et stylohyoideua -

N. occipitalis minor

A. transversa colli

A. snbclav

"

M. serratus anterior
A. et v., transversa scapul"

A. thoracoacromialis.
ramus acromial

Ml. deltoideua

A. thorae.j-
acTomialifl, ramus

deltoidcvu

- A. labialis superior

A. labialis inferior

A. maxillaris extenia

A. et v., maxillaris exteiua
__ Gl. submaxiilaris

ideep part)
A. liugualis

A. submentalis

. niyJohyoideus
bypoglossus, ramus thyreohyoideus

•N. laiyngeus superior, i-anius internns

V. facialis commi
A. et v., thyreoidea superior

-- A. carotis commmiis
- M. steniohyoideus

M. omohyoideus

M sternohyoidens
r-^—- - GI. thyreoidea

-.V. thyreoidai inferior

,^.M. sternothyreoldeus

-^ M. sternohyoideus

M. subclavius

V. cephalica
N. thoracalis anterior
lateralis

V. axillaris

A. thoracoacromial is,

ramus pectoralis

M pectoralis major

Fig. 759.

—

Dissection of the Carotid, Subclavian, and Axili-ahy Arteries and their Branches.

Compare with Fig, 766, which is a drawing of th*^ same body from a different point of view. The middle
third of the clavicle lias been removed and the subclavius muscle is turned downwards and medially.

internal jugular vein on both sides lies lateral to the artery ; on the left side in the
lower part of the neck it is also anterior to the artery, whilst on the right side the
vein is separated from the lateral surface of the artery, at its lower end, by a well-

marked interval in which the vagus nerve appears. The thoracic duct does not
come into relation with the right common carotid, and there is also a difference

in the relations of the recurrent nerves to the arteries on the two sides. On the
left side the nerve crosses posterior to the mediastinal part of the left artery, and
lies medial to its cervical part, whilst the corresponding nerve on the right side
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passes posterior to the lower part of the carotid artery in the neck to reach its

medial side, and the cesophagus lias a less intimate relation with the right than
with the left common carotid artery.

AIITKRIA CAROTIS EXTERNA.

The external carotid artery (Figs. 759, 760) is the smaller of the two terminal
branche.s of tlie commnn carotid; its length is about 62 mm. (2| inches). It

extends from the upper border of the thyreoid cartilage to the back of the neck
of the mandible, where it terminates by dividing into the superficial temporal
and the internal maxillary arteries.

Course.—It commences in the carotid triangle, passes upwards, medial to the

posterior belly of the digastric and the stylo-hyoid muscles and the lower part of

the postero-medial surface of the parotid gland, then it enters a groove in the
medial border of the gland, through which it passes to the upper part of the
autero-medial surface posterior to the neck of the mandible, where it terminates.

At its commencement it lies somewhat anterior and medial to the internal

carotid artery, but it inclines posteriorly as it ascends, and thus becomes superficial

to the internal carotid. Its course is indicated by a line drawn from the lobule of

the ear to the posterior extremity of the greater cornu of the hyoid bone.

Relations.—Posterior.—In the lower part of its extent it is in close relation with the
internal carotid, and in the upper part of its course with the antero-medial surface of the
parotid gland.

Medial.—At its commencement the fibres of the inferior constrictor muscle are in con-
tact with its medial side, but at a higher level the structures which intervene between it

and the internal carotid—viz., the stylo-pharyngeus muscle, the tip of the styloid process,

the stylo-glossus muscle, the glosso-pharyngeal nerve, and the pharyngeal branch of the
vagus—separate it from the wall of the pharynx ; whilst medial both to it and to the
internal carotid artery are the external and internal laryngeal branches of the superior
laryngeal nerve.

Superficial.—In the carotid triangle it is overlapped by the anterior border of the
sterno-mastoid, and it is crossed, immediately below the level of its occipital branch, by
the hypoglossal nerve. It is also crossed by the lingual and common facial veins, and some-
times by the superior thyreoid vein also. At the level of the angle of the mandible it

passes under cover of the posterior belly of the digastric and the stylo-hyoid muscles, which
separate it from the medial surface of the internal pterygoid muscle. As it emerges from
under cover of the stylo-hyoid it enters a groove in the parotid gland, and as it lies in

the gland the posterior facial vein (temporo-maxillary) descends superficial to the artery
and both the artery and the vein are crossed, superficially, by the branches of the facial

nerve.

Branches.—Eight branches arise from the external carotid artery ; of these, three—the
superior thyreoid, the lingual, and the external maxillary— spring from its anterior aspect
in the carotid triangle ; two arise from its posterior aspect, viz., the occipital and the
posterior auricular, the former commencing below the posterior belly of the digastric and
the latter above it ; one from its medial side, viz., the ascending pharyngeal, which arises

in the carotid triangle ; and two from its termination, viz., the superficial temporal and
the internal maxillary.

Branches of the External Carotid Artery.

(1) Axtevia. Thyreoidea Superior.— The superior thyreoid artery (Figs. 759
and 761) springs from the anterior aspect of the lower part of the external carotid

artery, just below the tip of the greater cornu of the hyoid bone, and it terminates at

the upper extremity of the corresponding lobe of the thyreoid gland by dividing
into terminal branches.

Co\irse.—From its commencement, in the carotid triangle, the artery runs
downwards and forwards to its termination.

Relations.—Medially it is in relation with the inferior constrictor muscle and the
external laryngeal branch of the superior laryngeal nerve.

Superficially it is covered, at its origin, by the anterior border of the sterno-mastoid
;
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afterwards, for a short distance, by fascia, platysma, and skin, and in the lower part of its

extent by the omo-hyoid, the sterno-hyoid, and the sterno-th^^reoid muscles, and it is over-

lapped by an accompanying vein.

Branches.—(1) In the carotid triangle—(a) A hyoid branch runs along the lower

border of the greater cornu of the hyoid bone, under cover of the thyreo-hyoid muscle, to

anastomose with its fellow of the opposite side and with the hyoid branch of the lingual

arteiy. It supplies the thyreo-hyoid muscle and membrane.
{b) The superior laryngeal branch runs forwards, deep to the thyreo-hyoid muscle.

It pierces the thyreoid hyo-membrane, in company with the internal laryngeal nerve,

supplies the muscles, ligaments, and mucous membrane of the larynx, and anastomoses
with its fellow of the opposite side, with branches of the crico-thyreoid arterj^, and with

the terminal branches of the inferior thyreoid artery.

(c) The sterno-cleido-mastoid branch passes downwards and posteriorly, along the

upper border of the anterior belly of the omo-hyoid muscle and across the common carotid

artery, to the deep surface of the sterno-mastoid muscle. It anastomoses, in the sterno-

mastoid, with branches of the occipital and transverse scapular arteries.

(2) In the muscular triangle—(d) A crico-thyreoid branch passes anteriorly, either

superficial or deep to the sterno- thyreoid. It crosses the crico-thyreoid muscle to

anastomose, in front of the crico-thyreoid ligament, with its fellow of the opposite side, and,

by branches which perforate the crico-thyreoid ligament, with laryngeal branches of the

superior and inferior thyreoid arteries. It supplies the adjacent muscles and membrane.
(e) The terminal branches are anterior, medial, and lateral.

The anterior terminal branch descends along the anterior border of the corresponding

lobe of the thyreoid gland, and the upper border of the thyreoid isthmus, to anastomose

with its fellow of the opposite side. The medial branch is the largest ; it is distributed

to the medial surface of the lobe. The lateral branch, which ramifies in the lateral

surface of the corresponding lobe, is the smallest. All three terminal branches supply

glandular branches to the thyreoid gland. They anastomose with each other and with

branches from the inferior thyreoid artery.

(2) Arteria Lingualis.—The lingual artery (Figs. 759 and 761) springs from
the anterior aspect of the external carotid, opposite the tip of the greater cornu of

the hyoid bone, and terminates, as the arteria profunda linguae (O.T. ranine

artery), which ends beneath the tip of the tongue, where it anastomoses with its

fellow of the opposite side.

Course.—Whilst in the carotid triangle, the first 'part of the artery forms a loop

with the convexity upwards. The second part passes forwards, medial to the hvo-

glossus muscle, immediately :above the greater cornu of the hyoid bone, to the anterior

border of the hyo-glossus, where it gives off a sublingual branch and becomes the

arteria profunda linguae. The profunda linguse artery passes obliquely forwards

and upwards, under cover of the anterior border of the hyo-glossus, and then turns

directly forwards on the under surface of the tongue to the tip, lying between the

inferior linguahs laterally and the genio-glossus medially.

Relations.—The first part of the lingual artery is crossed superficially by the hypo-

glossal nerve, and is covered by skin, fascia, and the platysma ; it rests medially against

the middle constrictor of the pharynx. The second part is deeper. It lies between the

middle constrictor medially and the hyo-glossus laterally, and is separated by the latter

from the hypoglossal nerve, the vena comitans hypoglossi, and the lower part of the sub-

maxillary gland. The profunda artery of the tongue ascends almost vertically, parallel with

and medial to the anterior fibres of the hyo-glossus, which are covered by the mylo-

hyoid, and between the hyogjossus and the genio-glossus ; then it runs forwards between
the inferior lingualis and the genio-glossus muscles, and is covered, on its lower surface,

by the mucous membrane of the tongue. Thus, at its termination, near the frenulum
lingutc, it is comparatively superficial.

Branches.—(«) The ramus hyoideus, a small branch which arises in the carotid

triangle and runs along the upper border of the greater cornu of the hyoid bone. It

anastomoses with its fellow of the opposite side and with the hyoid branch of the superior

thyreoid artery.

(6) The dorsalis linguae is a branch of moderate size which arises from the second part

of the artery and is not uncommonly double. It ascends, between the hyo-glossus and the

genio-glossus, to the dorsum of the tongue, where it branches and anastomoses with its

fellow of the opposite side around the foramen csecum. It supplies the posterior part of
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the tongue as far liack as the epiglottis, and sends branches, posteriorly, to the palatine

tonsil which anastomose with the tonsillar twigs of the ascending palatine branch of the

external maxillary and with the ascending pharyngeal artery.

(c) A sublingual branch arises at the lower part of the anterior border of the hyo-
glossus muscle and runs anteriorly and upwards, between the mylo-hyoid and the genio-

glossus, to the sublingual gland, which it supplies; it also supplies the mylo-hyoid, the

genio-glossus, and the genio-hyoid mu.scles. It anastomoses with its fellow of the opposite

side, with the arteria jjrofunda by a branch which it sends along the frenulum linguie, and,

through the mylohyoid muscle, with the submental branch of the external inuxillary.

(3) Arteria Maxillaris Externa (O.T. Facial).—The external maxillary artery

(Fig. 759) arises from the front of the external carotid, immediately above the

lingual. It ends at the angle of the mouth, where it becomes the angular artery.

Course.— It commences in the carotid triangle, immediately above the lingual,

and passes upwards to the angle of the mandible, on the lateral surface of the

middle constrictor muscle. Still ascending, it lies between the posterior belly

of the digastric and the stylo.-liyoid muscles laterally, and the superior constrictor

medially, and it is separated from the palatine tonsil by the superior constrictor.

When it reaches the upper border of the stylo-hyoid it enters a groove in the

posterior part of the submaxillary gland and runs downwards and anteriorly,

between the lateral surface of the gland and the internal pterygoid muscle, to the
posterior end of the lower border of the body of the mandible. There it pierces

the deep cervical fascia, turns round the inferior border of the mandible, at the
anterior border of the masseter, enters the face and continues upwards and forwards
to its termination.

Relations.—In the carotid triangle the artery is comparatively superficial, except
just at its origin, which is overlapped by the anterior fibres of the sterno-mastoid muscle.

As it ascends it is in relation, on the medial side, with the middle and superior constrictor

muscles, and, as already stated, the superior constrictor separates it from the palatine

tonsil. Its relations between the point where it passes medial to the posterior belly of the
digastric and the point whex'e it turns round the lower border of the mandible have been
given in the description of its course.

After turning round the lower border of the body of the mandible, which it grooves
slightly, the artery becomes more superficial than in any other part of its course, being
covered only by platysma, fascia, and skin. At that point the anterior facial vein is

immediately posterior to the artery, lying on the surface of the masseter. In the face

the artery lies between the platysma, the risorius, the zygomaticus major, and the infra-

orbital section of the quadratus labii superioris (O.T. levator labii superioris), which, with
skin and fascia, are superficial to it, and the buccinator and the musculus caninus (O.T.

levator anguli oris), which are deeper. The termination of the artery is in the substance
of the quadratus labii superioris.

The anterior facial vein, though still posterior to the artery in the face, runs a some-
what straighter course, and is situated at some little distance from it.

Branches.—Four named branches are given off in the neck, and several in the face.

In the Neck.—(a) The ascending palatine branch (Fig. 761) is a small artery which
arises from the external maxillary under cover of the posterior belly of the digastric. It

ascends, and, after passing between the stylo-glossus and the stylo-pharyngeus nuiscles,

reaches the apex of the petrous portion of the temporal bone, where it turns downwards,
accompanying the levator veli palatini muscle, pierces the pharyngeal aponeurosis, and
enters the soft palate.

It supplies the lateral wall of the upper part of the pharynx, the soft palate, the

palatine tonsil, and the auditory (O.T. Eustachian) tube, and it anastomoses with the

tonsillar branch of the external maxillary, the dorsalis lingujc, the descending jjalatine

branch of the internal maxillary, and with the ascending pharyngeal artery, which

sometimes replaces it.

(6) The tonsillar branch, a small artery which arises close to the ascending palatine. It

passes upwards between the internal pterygoid and the stylo-glossus, pierces the superior

constrictor, and terminates in the palatine tonsil. It supplies the middle and superior

constrictor muscles, and it anastomoses with the dorsalis linguae, with the ascending

palatine branch, and with the ascending pharyngeal artery.

(c) The submaxillary or glandular branch is frequently represented by two or three

small twigs which pass directly into the submaxillary gland.



894 THE VASCULAR SYSTEM.

{d) The submental branch arises from the external maxillary just as the latter vessel

turns round the inferior border of the mandible. It is the largest branch given off in the

neck, and it runs forwards, on the lateral surface of the mylo-hyoid muscle, and medial to

the upper part of the submaxillary gland, to the symphysis menti ; there it turns upwards,

round the margin of the mandible, and it terminates by anastomosing with branches of the

mental and inferior labial arteries. In the neck the submental artery supplies the mylo-

hyoid muscle, and the submaxillary and sublingual glands, the latter by a branch which
perforates the mylo-hyoid muscle. It anastomoses with the mylo-hyoid branch of the

inferior alveolar and with the sublingual artery. In the face it supplies the structures of

the lower lip, and anastomoses Avith the mental branch of the inferior alveolar, and with

the inferior labial branches of the external maxillary artery.

In the Face.—{e) The inferior labial branch (O.T. inferior coronary) arises from the

front of the external maxillai-y artery below the level of the angle of the mouth. It runs

medially, deep to the triangularis, the quadratus labii inferioris, and the orbicularis oris.

In the substance of the lower lip it lies close to the mucous membrane and anastomoses, in

the median plane, with its fellow of the opposite side. It supplies the structures in its

immediate neighbourhood.

(/') The superior labial (O.T. superior coronary) springs fi'om the front of the external

maxillary about the level of the angle of the mouth. It runs medially, between the orbi-

cularis oris and the mucous membrane of the upper lip, to the median plane, supplying the

skin, muscles, and mucous membrane of the upper lip, and, by a septal branch, the lower

and anterior part of the septum of the nose. It anastomoses with its fellow of the

opposite side, with the lateral nasal, and, on the septum nasi, with the septal branch of

the splieno-palatine artery.

{g) The masseteric branch, sometimes represented by several twigs, arises from the

posterior aspect of the facial trunk, a short distance above the lower margin of the mandible.

It passes upwards and posteriorly, across the masseter, and anastomoses with the trans-

verse facial artery.

(A) The buccal is an inconstant branch which, when present, arises from the posterior

aspect of the external maxillary artery above the masseteric branch. It runs upwards and

posteriorly, across the buccinator muscle, to anastomose with the buccinator bi'anch of the

internal maxillary artery.

{i) The lateral nasal springs from the external maxillary at the point where it

becomes the angular. It ramifies on the ala of the nose, supplying the skin, muscles, and

alar cartilages, and anastomosing with the angular branch, with the dorsal nasal branch

of the ophthalmic, and with branches of the spheno-palatine artery.

{j) The angular artery is the continuation of the external maxillary beyond the origin

of the lateral nasal branch. It runs upwards, in the angular head of the quadratus labii

superioris, to the medial commissure of the eye, where it anastomoses with the lateral nasal,

and with the nasal and palpebral branches of the ophthalmic artery.

In addition to the above-named branches another branch, formerly called the inferior

labial, springs from the anterior aspect of the external maxillary below the level of the

alveolar border of the mandible. Tliis vessel runs medially, under cover of the muscles of

the lower lip, and it anastomoses with the mental branch of the inferior alveolar artery,

with the inferior labial (O.T. inferior coronary), and with its fellow of the opposite side.

(4) Arteria Occipitalis.—The occipital artery (Figs. 759, 760, 787) arises from

the posterior aspect of the external carotid artery, below the posterior belly of

the digastric muscle, and terminates, near the medial end of the superior nuchal

line of the occipital bone, by dividing into medial and lateral terminal branches.

Course.—It commences in the carotid triangle and runs upwards and posteriorly,

parallel with and under cover of the posterior belly of the digastric, to the interval

between the transverse process of the atlas and the base of tlie skull ; there it turns

posteriorly, in a groove on the lower surface of the mastoid portion of the temporal

bone ; as it leaves the groove it alters its direction and runs upwards and medially,

on the superior oblique muscle, to the junction of the medial and intermediate

thirds of the superior nuchal line of the occipital bone, where it pierces the deep

fascia of the neck and enters the superficial fascia of the scalp.

Relations.—In the first or ascending part of its course the occipital artery crosses

successively the internal carotid artery, the hypoglossal nerve, the vagus nerve, the internal

jugular vein, and the accessory nerve; it is covered by the lower fibres of the posterior
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belly of the digastric, uiul the anterior part of the sterno-mastoid muscle, and, close to its

origin, it is crossed by the hypoglossal nerve. Jn the second and more horizontal part of

its course, it is still under cover of the sterno-mastoid and digastric, and lies, medially,

against the rectus capitis lateralis, which separates it from the vertebral artery. In the

third part of its course it rests upon the superior oblicjue and semispinalis capitis (O.T.

comple.xus), under cover of the sterno-mastoid, the splenius capitis, and the longis-

simus capitis muscles. Near its termination it is crossed by the great occipital nerve, and
it passes either through the trapezius or between the trapezius and the sterno-mastoid,

and pierces the deep fascia of the neck before it enters the superficial fascia of the scalp.

Branches.—(a) Muscular branches go to the surrounding muscles. The sterno-

mastoid branch is the most important of this group; it springs from the commencement
of the occipital, is looped downwards across the hypoglossal nerve, and is continued down-
wards and posteriorly, below and anterior to the accessory nerve, into the sterno-mastoid

muscle, where it anastomoses with the sterno-mastoid branch of the superior thyreoid artery.

It is sometimes represented by two or more small branches.

(6) The meningeal are irregular branches given oft" from the occipital, anterior to the

mastoid process. They enter the posterior fossa of the skull through the hypoglossal

canal, or through the jugular foramen ; they supply the upper part of the internal

jugular vein, the sigmoid part of the transverse sinus, and the dura mater in the posterior

fossa of the skull, and they anastomose with the middle meningeal and with meningeal
branches of the ascending pharyngeal artery.

(c) The mastoid, a small and inconstant branch which arises posterior to the mastoid

process. It enters the posterior fossa of the skull through the mastoid foramen, supplies

the dura mater, and anastomoses with branches of the middle meningeal artery.

(d) The descending branch (0.'I\ princeps cervicis) is given off from the occipital

upon the surface of the superior oblique. It passes medially, and at the lateral

border of the semispinalis capitis it divides into superficial and deep branches. The
superficial branch runs over the semispinalis capitis, between it and the trapezius,

and anastomoses with the superficial cervical artery. The deep branch passes between the

semispinalis capitis and the underlying semispinalis cervicis, and anastomoses with branches
of the vertebral and profunda cervicis arteries.

(e) The auricular is an inconstant branch which, as a rule, is only given oft" from
the occipital when the posterior auricular artery is absent. It ramifies over the mastoid
part of the temporal bone, and supplies the medial surface of the auricle.

(/) The terminal branches (rami occipitales) are medial and lateral. They ramify
in the superficial fascia of the posterior part of the scalp, where they anastomose with the

posterior auricular and superficial temporal arteries. lioth branches are accompanied by
branches of the great occipital nerve. The medial branch gives off a meningeal twig,

which passes into the skull through the parietal foramen, to supply the walls of the

superior sagittal sinus and to anastomose with the middle meningeal artery.

(5) Arteria Auricularis Posterior.—The posterior auricular artery (Figs. 759,

760, 787) springs from the posterior aspect of the external carotid immediately
above the posterior belly of the digastric muscle, and it terminates between the

mastoid process and the back of the auricle by dividing into mastoid and auricular

branches.

Course and Relations.— Commencing at the upper border of the posterior

belly of the digastric, it runs upwards and posteriorly, under cover of the postero-

medial surface of the parotid gland, to the interval between the mastoid process

and the external acoustic meatus. It is accompanied in the terminal part of its

course by the posterior auricular branch of the facial nerve.

Branches, (a) Muscular branches are given to the sterno-mastoid, the digastric,

and the styloid group of muscles.

(/>) Parotid branches pass to the lower and posterior part of the parotid gland.

(c) A stylo-mastoid branch is given oft" at the lower border of the external acoustic

meatus. It runs upwards, by the side of the facial nerve, enters the stylo-mastoid foramen,
and ascends, in the canalis facialis (Fallopius), to the upper part of the medial wall of the
tympanum, where it terminates by anastomosing with the petrosal branch of the middle
meningeal artery. It supplies branches to the external acoustic meatus, the mastoid cells,

the vestibule, and semicircular canals, the stapedius muscle, and a posterior tympanic
hranch which anastomoses with the anterior tympanic branch of the internal maxillary,

forming, in young subjects, a vascular circle around the membrana tympani ; other branches
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anastomose with tympanic branches from the internal carotid and the ascending pharyngeal
arteries, and with the internal auditory branch of the basilar.

((/) The auricular branch ascends medial to the posterior auricular muscle. It gives

branches to the auricle and to the scalp in the posterior part of the temporal region, which
anastomose with the superficial temporal and occipital arteries. The auricular branches
supply both surfaces of the auricle, piercing or turning round the margins of the cartilage

to gain the lateral surface, and they anastomose with the anterior auricular branches of

the superficial temporal artery.

{e) The occipital branch runs upwards and posteriorly along the insertion of the

sterno-mastoid muscle. It supplies the sterno-mastoid and occipitalis muscles, and the

skin, and it anastomoses with the occipital artery.

(6) Arteria Pharyngea Ascendens

—

The Ascending Pharyngeal Artery (Kg.
761).—This artery arises from the medial surface of the lower part of the external

carotid, and its terminal branches are distributed to the wall of the pharynx and in

the soft palate.

Course.—It commences in the carotid triangle, usually as the first or second

branch of the external carotid, and it ascends on the wall of the pharynx to the

apex of the petrous portion of the temporal bone.

Relations.—Medially it is in relation with the constrictor muscles of the pharynx.

Posterior to it are the transverse processes of the cervical vertebrae, the sympathetic trunk,

and the longus capitis. Laterally it is in relation with the ii:iternal carotid artery,

and it is crossed by the stylo-pharyngeus muscle, the glossopharyngeal nerve, and the

pharyngeal branch of the vagus.

Branches.—The branches of this artery are very irregular and inconstant, but the

following have received names :

—

(a) Pharyngeal Branches.—Small twigs which ramify on the walls of the pharynx
and supply the middle and superior constrictor muscles, the palatine tonsil, and the lower

part of the auditory tube (O.T. Eustachian). They anastomose with branches of the

superior thyreoid, lingual, and external maxillary arteries.

(b) Prevertebral.—Small branches distributed to the prevertebral muscles and fascia,

the deep cervical glands, and the large nerve trunks. They anastomose with the ascending

cervical and vertebral arteries.

(c) Posterior Meningeal.—One or more small branches which enter the cranium by
the hypoglossal canal, the jugular, or the lacerate foramen, and supply the dura mater.

They anastomose with branches of the middle meningeal and vertebral arteries.

(d) Inferior Tympanic.—A small artery which accompanies the tympanic branch of the

glossopharyngeal nerve to the tympanic cavity, where it anastomoses with the other

tympanic arteries.

(e) Palatine.—Avery variable artery which sometimes replaces the ascending palatine

branch of the external maxillary artery. When present it springs from the upper part of

the ascending pharyngeal artery, pierces the pharyngeal aponeurosis above the upper border

of the superior constrictor muscle, and descends into the soft palate with the levator veli

palatini muscle. It supplies the mucous membrane of the superolateral part of the

pharyngeal wall and the tissues of the soft palate, and it anastomoses with the palatine

branches of the internal maxillary, the external maxillary and the lingual arteries.

(7) Arteria Temporalis Superficialis (Fig. 759).—The superficial temporal

artery, one of the terminal branches of the external carotid, commences between

the upper part of the antero-medial surface of the parotid gland, and the neck of

the mandible, and terminates in the scalp, from 25 to 50 mm. (1 or 2 inches)

above the zygomatic arch, by dividing into a parietal and a frontal branch.

Course.—The artery ascends over the posterior root of the zygoma, and passes

into the superficial fascia of the temporal region. It is accompanied by the

auriculo-temx)oral nerve and by the superficial temporal vein, which usually lies

posterior to it. As it crosses the zygoma it is covered by the skin alone, and it

may be easily compressed against the subjacent bone.

Branches.

—

(a) Parotid.—Small branches to the upper part of the parotid gland.

(fj) Articular—to the mandibular articulation.

(c) Anterior Auricular.—Small branches to the lateral surface of the auricle and to

the external acoustic meatus. They anastomose on the surface of the auricle with branches
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of the posterioi' auricular artery, and in the external acoustic meatus with branches of the

internal maxillary artery.

{(I) Transverse Facial.—A branch of moderate size which emerges from under cover

of the upper part of the anterior border of the parotid gland. It runs forwards across the

masseter, below the zygoma and above the parotid duct, accomjianied by zygomatic

branches of the facial nerve, which may lie either above or Vjelow it. It supplies the

parotid gland, the mas.seter, parotid duct, and the skin, and it terminates in branches

which anastomose with the infra-orbital and buccinator branches of the internal maxillary

artery and with the buccal and masseteric branches of the external maxillary artery.

((j) Middle Temporal.—A branch which usually springs from the commencement of the

superficial temporal. It crosses the zygoma, pierces the temporal fascia and the temporal
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The Exteknal Carotid, Internal Maxillary, AND Meningeal Arteries.

muscle, and terminates in the temporal fossa by anastomosing with the deep temporal

branches of the internal maxillary artery.

(/') Zygomatico-orbital.—This branch may spring directly from the superficial temporal,

but it is frequently a branch of the middle temporal. It runs anteriorly, above the

zygoma, between the two layers of the temporal fascia. It supplies branches to the orbi-

cularis oculi, and anastomoses, through the zygomatic bone and round the outer margin

of the orbit, with the lacrimal and palpebral branches of the ophthalmic artery.

(g) The frontal branch runs forwards and upwards, in a tortuous course, through the

superficial fascia of the scalp towards the frontal tuberosity, lying at first upon the temporal

fascia, and then upon the galea aponeurotica. It supplies the frontalis and the orbicularis

oculi, and anastomoses with the lacrimal and supra-orbital branches of the oph-

thalmic artery, with the parietal terminal branch of the superficial temporal, and with its

fellow of the opposite side.

(h) The parietal branch, less tortuous than the frontal, runs upwards and posteriorly

in the superficial fascia of the scalp. It anastomoses, anteriorly, with the frontal terminal

branch, posteriorly with the posterior auricular and occipital arteries, and, across the
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median Hue, with its fellow of the opposite side. It supplies the skin and fascia, and the

anterior and superior muscles of the auricle.

(8) Arteria Maxillaris Interna.—The internal maxillary artery commences
between the antero-medial surface of the parotid gland and the neck of the

mandible, and terminates in the pterygo-palatine fossa.

Course and Relations.—Although the internal maxillary artery is only a

short trunk it has many important relations, in the consideration of which it is

convenient to divide the vessel into three parts. The first p.art extends from the

back of the neck of the mandible into the infratemporal fossa, as far as the lower

border of the external pterygoid muscle. It lies between the spheno-mandibular

ligament and the neck of the mandible, along with the auriculo-temporal nerve

and the internal maxillary vein. The second part is in the infratemporal fossa,

and runs upwards and anteriorly. It may lie on the lateral or the medial side of

the lower head of the external pterygoid muscle. In the former case it is situated

between the temporal and external pterygoid muscles, and in the latter between
the external pterygoid muscle and the branches of the mandibular division of

the trigeminal nerve. The third part passes between the upper and the lower

heads of the external pterygoid, and through the pterygo-maxillary fissure into

the pterygo-palatine fossa.

Branches.—From the first part.—(a) Deep auricular. A small branch which arises

from the commencement of the artery and passes upwards to the external acoustic

meatus. It supplies the mandibular joint, the parotid gland, the external acoustic

meatus, and the superficial surface of the tympanic membrane. It anastomoses with

branches of the superficial temporal and posterior auricular arteries.

(b) The anterior tympanic, a variable and small branch. It runs upwards and
posteriorly, traverses the petro-tympanic fissure (Glaserian), and enters the tympanum
through its lateral wall. In the tympanic cavity it anastomoses with tympanic branches

from the internal carotid and ascending pharyngeal arteries, and with the stylo-mastoid

branch of the posterior auricular, forming with the latter, in young subjects, a circular

anastomosis around the tympanic membrane.
(c) Middle Meningeal.—The largest branch of the internal maxillary. It ascends

between the external pterygoid muscle laterally and the spheno-mandibular ligament and

the tensor veli palatini medially
;
passes between the two roots of the auriculo-temporal

nerve and through the foramen spinosum, and enters the middle fossa of the cranial

cavity. Before it enters the skull it lies posterior to the third division of the trigeminal

nerve, and is accompanied by a vein which also passes through the foramen spinosum. In

the middle cranial fossa it passes for a short distance anteriorly, in a groove on the great

wing of the sphenoid, between the dura mater and the bone, and divides into anterior and
postei'ior terminal branches.

Branches.—(i.) Superficial Petrosal.—A small branch which arises from the middle meningeal
soon after it enters the cranium. It passes through the hiatus canalis facialis and anastomoses
with the stylo-mastoid branch of the posterior auricular artery ; it also sends some small branches
into the tympanic cavity.

(ii.) Ganglionic.—Minute branches which supply the semilunar ganglion and the roots of the

fifth cerebral nerve.

(iii.) Superior Tympanic.—A small twig which reaches tlie tympanic cavity through the

canal for the tensor tympani muscle, or through the petro-squamous suture.

(iv.) Orbital.—An anastomosing branch which arises, occasionally, from the anterior terminal
branch. It paases through the superior orbital fissure into the orbit, and anastomoses with the

lacrimal artery.

(v.) Anterior terminal, the larger of the two terminal branches, jjasses upwards along the

great wing of the sphenoid to the sphenoidal angle of the parietal bone, where it is sometimes
enclosed in a distinct bony canal ; it is continued upwards, a short distance behind the anterior

border of the parietal bone, almost to the vertex of the skull, sending branches forwards into the

anterior, and backwards towards the posterior cranial fossa.

(vi.) The posterior terminal branch passes posteriorly from tlie great wing of the sphenoid to

the squamous part of the temporal bone, beyond which it ascends to the middle of the inner

surface of the parietal bone. It sends branches upwards to the vertex, and backwards towards

the posterior cranial fossa.

By means of its various branches the middle meningeal ai'tery anastomoses with its fellow of

the opposite side, with meningeal branches from the occipital, ascending pharyngeal, ophthalmic,

and lacrimal arteries ; also with the stylo-mastoid branch of the posterior auricular, through the

substance of the temporal bone, with the accessory meningeal artery, and the deep temi:>oral
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arteries. The anterior and posterior l)ran(;lie8 of llu; middle meningeal arteries and their

ramifications are separated from the bone by corresponding veins.

(d) An accessory meningeal branch may arise eitlier directly from the first part of

the iiitcriiiil maxillary or from its middle meningeal branch. It pusses u[)\vards, on the

medial side of the external pterygoid nuiscle, enters the middle fossa of the skull through

the foramen ovale, supplies the semilunar ganglion and the dura mater, and terminates

by anastomosing with branches of the middle meningeal and internal carotid arteries.

(e) The inferior alveolar is a branch of moderate size which passes downwards, between
the s[)licn()-mandibular ligament and the mandible, to the mandibular foramen. It ie

accompanied by the inferior alveolar nerve, which lies in front of it. After entering the

foramen it descends in the mandibular canal, and terminates at the mental foramen by
dividing into mentiil and incisive branches.

Branches.—Before it enters the mandibular foramen it gives off two branches.

(i.) Thi^ lingual, a small twig, to the buccal nnicous mendjranc, wliich accompanies the lingual

nerve, (ii.) The mylo-hyoid, a small l)ranch which is given off innu(!diately aljove the niaiidiljular

foramen. It pierces the spheno-mandibular ligament, and descends in the mylo-hyoid groove, in

company with the mylo-hyoid nerve, to the floor of the mouth, where it aTiastomoses, on the

superficial surface of the mylo-hyoid muscle, with the submental branch of the external maxillary

artery.

In the mandibular canal the following branches are given off:

—

(i.) Molar branches to the molar teeth, (ii.) Premolar branches to the premolar teeth, (iii.) The
incisive terminal branch, which supplies the incisor and canine teeth and anastomoses with it«

fellow of the opposite side, (iv.) The mental terminal branch, which passes through the
mental foramen, emerges beneath the quadratus labii inferioris, and anastomoses with its fellow

of the opposite side, with the inferior labial, and with the submental arteries.

From the second part.—(a) The masseteric, a small branch which passes laterally,

through the mandibnlar notch, to the deep surface of the masseter muscle. It

anastomoses in the substance of the muscle with branches of the transverse facial and
with the masseteric branches of the external maxillary artery.

(6) Deep Temporal.—Two in number, anterior and posterior. They ascend, in the

temporal fossa, between the temporal muscle and the squamous portion of the temporal
bone, supplying the muscle and anastomosing with the temporal and lacrimal arteries,

and, through the sxibstance of the temporal bone, with the middle meningeal artery.

(c) Small pterygoid branches supply the internal and external pterygoid muscles.

(d) The buccinator branch, a long, slender branch which passes obliquely forwards and
downwards with the buccinator nerve. It supplies the buccinator muscle, the skin and
mucous membrane of the cheek, and anastomoses with the buccal branches of the

external maxillary artery.

From the third part.—(a) A posterior superior alveolar branch descends in the

infratemporal fossa, on the posterior surface of the maxilla, and ends in branches which
supply the molar and premolar teeth and the mucous membrane of the maxillary sinus;

they also give twigs to the gimis and to the buccinator muscle.

(b) An infra-orbital branch commences in the pterygo-palatine fossa. It enters the

orbit through the inferior orbital fissure, and runs forwards in the infra-orbital groove
and canal to the infra-orbital foramen, through wdiich it emerges on the face, deep to the

quadratus labii superioris. Whilst in the infra-orbital groove it gives branches to the

inferior rectus and the inferior oblique muscles and the lacrimal gland. In the infra-orbital

canal it gives small twigs to the incisor and canine teeth (aa. alveolares superiores

anteriores) and to the maxillary sinus. In the face it sends branches upwards to the

lower eyelid, to the lacrimal sac, and to the frontal process of the maxilla ; these anasto-

mose with bi'anches of the ophthalmic and external maxillary arteries ; other bmnches
run downwards to the upper lip, wdiere they anastomose with the superior labial artery

;

lastly, some branches run laterally into the cheek to unite with the transveree facial and
the buccinator arteries.

(c) The descending palatine runs downwards, through the pterygo-palatine fossa, enters

the pterygo-palatine canal, and becomes the great palatine artery, which supplies the

mucous meml)rane of the roof of the mouth. As it descends it gives oft' the artery of the

pterygoid canal, and several small twigs which pass through the accessory palatine canals

to supply the soft palate, and to anastomose with the ascending palatine and tonsillar

branches of the external maxillary and with the ascending pharyngeal artery. The great

palatine artery, which is the continuation of the descending palatine, runs forwards in the

roof of the mouth, medial to the alveolar process, to terminate in a small branch, which
ascends through the incisive foramen and anastomoses with the posterior artery of the
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septum nasi, which is a branch of the spheno-palatine artery. In its course forwards in

the roof of the mouth the great palatine artery supplies the gums and the mucous
membrane of the hard palate, and also the palatine and maxillary bones.

(d) The artery of the pterygoid canal is a long, slender branch, usually given off

from the descending palatine ; it runs backwards through the pterygoid canal with the

corresponding nerve (Vidian), and supplies branches to the upper part of the pharynx,

to the levator and tensor veli palatini muscles, and to the auditory tube. One of the

latter branches passes along the wall of the auditory tube to the tympanic cavity, where
it anastomoses with the other tympanic arteries.

(e) The pharyngeal branch, is a small artery which runs backwards, with the pharyngeal
branch of spheno-palatine ganglion, through the pharyngeal canal to the roof of the

pharynx. It supplies the upper and posterior part of the roof of the nose, the roof of the

pharynx, the sphenoidal sinus, and the lower part of the auditory (Eustachian) tube, and
anastomoses with the pterygoid branch of the internal carotid.

(/) The spheno-palatine branch springs from the termination of the internal maxillary

artery. It passes medially, through the spheno-palatine foramen, into the nasal cavity,

where it gives off (a) a branch to the sphenoidal sinus, and (b) a branch which may replace

the pharyngeal artery and which has a similar course and distribution. Then it divides into

lateral and septal posterior nasal branches. The lateral posterior nasal branches supply

the lateral wall of the nasal cavity and the sinuses which open through it, and they

anastomose with the posterior and anterior ethmoidal arteries and' the lateral nasal

branch of the external maxillary. The septal posterior nasal branch accompanies the

posterior septal nerve across the roof of the nasal cavity and then anteriorly and down-
wards in the groove on the vomer. It anastomoses with the great palatine artery and
the septal branch of the superior labial.

ARTERIA CAROTIS INTERNA.

The internal carotid artery (Eigs. 759, 761, 764, and 788) commences at the

termination of the common carotid, opposite the upper; border of the thyreoid

cartilage, and terminates in the middle fossa of the skull, close to the commence-
ment of the stem of the lateral fissure (Sylvius), vs^here it divides into the middle

and anterior cerebral arteries.

Course.—From its origin in the carotid triangle it ascends to the base of the

skull, lying first in the carotid triangle, medial to the anterior border of the

sterno-mastoid, and then between the areolar tissue behind the lateral border of

the pharynx, medially, and the posterior belly of the digastric and the styloid

process and its muscles laterally. At its commencement it lies postero-lateral to

the external carotid, but as it ascends it gradually passes to the medial side of the

external carotid, from which it is separated by the styloid process, the stylo-

pharyngeus muscle, the glosso-pharyngeal nerve, and the pharyngeal branch of the

vagus.

At the base of the skull it enters the carotid canal, in which it ascends, anterior

to the tympanum and the cochlea ; then it turns antero-medially to the apex of

the bone where it enters the foramen lacerum, through which it ascends, along the

side of the body of the sphenoid, to the middle ibssa of the cranium.

In the middle fossa it runs forwards, in the lateral wall of the cavernous sinus,

to the small wing of the sphenoid ; there it turns backwards along the medial

border of the anterior clinoid process, which it grooves. At the posterior

extremity of the process it turns upwards to its termination at the medial end of

the stem of the lateral fissure (Sylvius), below the medial part of the anterior

perforated substance.

Relations.—The relations of the various parts of the artery require separate

consideration

In the Neck.—Posterior.—The longus capitis (O.T. rectus capitis anticus major), the

prevertebral fascia, and the sympathetic trunk separate it from the transverse processes of

the cervical vertebrae, and postero-lateral to it are the internal jugular vein and the vagus

nerve. The accessory and the glossopharyngeal nerves are also postero-lateral to the

artery for a short distance, in the upper part of the neck, where they intervene between

it and the internal jugular vein. Medial or deep to the internal carotid is the external
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carotid artery for a short distance below, and afterwards the wall of the pharynx, the

areolar tissue posterior to the wall of the pharynx, the ascending pharyngeal artery, the

pharyngeal plexus of veins, and the external and internal laryngeal nerves. Just before

it enters the temporal bone the levator palati muscle is to its medial side. Lateral or

superficial to it are the sterno-mastoid, skin, and fascia;, and it is crossed under cover

of the sterno-mastoid, from below upwards, by the hypoglossal nerve, the occipital artery,

and the posterior auricular artery. It is also crossed superficially, between the last-

mentioned arteries, by the digastric and stylo-hyoid muscles, which separate it from the

parotid gland, and below the digastric it is covered by the lower part of the postero-medial

surface of the gland. Passing obliquely across its anterior lateral surface, and separating
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Frc. 761.—The Cakotid, Subclavian, and Vertebral Arteries and their Main Branches.

it from the external carotid artery, are the following structures, viz., the stylo-pharyngeus,

the styloid process, or the styloglossus muscle, and the glossopharyngeal nerve, the

pharyngeal branch of the vagus, and some sympathetic twigs.

In the Carotid CaTial.—Thc artery, as it passes upwards, is anteroinferior to the cochlea

and the tympanum; postero-mediafto the auditory (Eustachian) tube and the canal for

the tensor tympani ; and below the semilunar ganglion. The thin lamina of bone which

separates it from the tympanum is frequently perforated, and that between it and the

semilunar ganglion is frequentlv absent. In" its course through the canal it is accom-

panied by small veins and sympathetic nerves. The veins receive tributaries from

the tympanum, and communicate above with the cavernous sinus and below with the

internal jugular vein. The nerves are branches of the nervus caroticus internus, which

is the upward continuation of the sympathetic trunk ; they form a plexus around the

artery, called the internal carotid plexus.

As it enters the cavity of the cranium the internal carotid artery pierces the external

layer of the dura mater and passes between the lingula and the sixth cerebral nerve

laterally, and the posterior petrosal process of the body of the sphenoid medially.

In the Cranial Caviti/.—The artery runs forwards, in the lateral wall of the cavernous
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sinus, ill relation with the oculo-motor, trochlear, the ophthalmic division of the trigeminal,

and the abducens nerves laterally, and with the endothelial wall of the sinus medially.

When it reaches the lower root of the small wing of the sphenoid it turns upwards to the

medial side of the anterior clinoid process, pierces the inner layer of the dura mater, and
comes into close relation with the inferior surface of the optic nerve immediately

posterior to the optic foramen. It then turns abruptly backwards below the optic

nerve, and on the medial side of the anterior clinoid process which it frequently grooves
;

inclining laterally, it runs between the optic and oculo-motor nerves, and below the

anterior perforated substance, to the medial end of the stem of the lateral fissure (Sylvius),

where it turns upwards, at some distance from the corresponding lateral border of the

optic chiasma, and, after piercing the arachnoid, divides into its two terminal branches,

the anterior and middle cerebral arteries.

Branches of the Internal Carotid Artery.

Branches are given off from the internal carotid in the temporal bone and in

the cranium, but, as a rule, no regular branches are given off in the neck.

In the Temporal Bone.—(1) A carotico-tympanic branch, very small, perforates the

posterior wall of the carotid canal, and anastomoses in the tympanum Avith the stylo-mastoid

artery and with the tympanic branches of the internal maxillary and ascending pharyngeal
arteries.

(2) A small and inconstant branch which accompanies the nerve of the pterygoid

canal (Vidian) ; it anastomoses with a branch of the descending palatine artery.

In the Craniurtff.—(1) Cavernous, small branches to the walls of the cavernous sinus

and to the oculomotor, trochlear, trigeminal, and abducens nerves.

(2) Minute tw^gs which supply the semilunar ganglion.

(3) Hypophyseal branches pass to the hypophysis (O.T. pituitary body).

(4) Meningeal branches ramify in the dura mater of the middle cranial fossa, anasto-

mosing with the branches of the middle and accessory meningeal arteries.

(5) Arteria Ophthalmica.—The ophthalmic artery (Fig. 761) springs from
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the antero-medial side of tlie internal carotid as it turns upwards on the medial
side of th«i anterior cHnoid process. It passes forwards and laterally, below the

ojjtic nerve and through the optic foramen into the orbital cavity, ^n the

orbit it runs ffjrwards, for a short distance, on the lateral side of the optic nerve,

and it is in relation laterally with the ciliary gangUon and the lateral rectus
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muscle; turning upwards and medially, it crosses, Ijetween the optic nerve and
the superior rectus, to the medial wall of the orbit, where it turns forwards
to terminate at the anterior boundary of the cavity by dividing into frontal

and dorsal nasal branches. It is accompanied, at first, by the naso-ciliary nerve,

and, in the terminal part of its course, by the infra-trochlear nerve.

Branches.—Tlie branches of the ophthalmic artery are luuuerous. (a) Tlie posterior ciliary,

usually si.\ to eight iti lumiher, run I'orwanls at the sides of the oi)tic nerve ; they .s<x»n divide
into numerous branches which pierce the posterior part of the sclera; the. majority terminate
in the chorioid coat of the eye as the short posterior ciliary arteries, but two of larger size,

the long posterior ciliary arteries, run forwards, one on each side of the eyeball, almost in

the horizontal plane, between the sclera and the chorioid coat, to the peripln-ry of the iris,

where they divide. Tlie resulting branches anastomose together and form a circle at the periphery
of the in.-*, from wliicli secondary branches rini inwards and anastomose together in a second
circle near tlie pa])illary margin of the iris.

(6) The central artery of the retina arises near to, or in common with, the preceding vessels.

It pierces the iufi lu-niedial a.>pect of the optic nerve, about 12 mm. (half an inch) posterior
to the sclera, and runs in its centre to the retina, where it breaks up into terminal branches.

(f) Anterior meningeal.—A small branch which passes backwards througli the superior orbital
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Distribution ok Cerebral Arteries on the Conve.x Surface of the Cerebrom.

Anterior cerebral artery is coloured green, the middle cerebral red, and the posterior cerebral orange.

fissure into the middle fossa of the cranium, where it anastomoses with the middle and accessory
meningeal arteries, and with the meningeal branches of the internal carotid and lacrimal arteries.

(d) The lacrimal artery arises from the ophthalmic on the lateral side of the optic nerve.
It rims forwards, along the upper Ixjrder of the lateral rectus, to the upper lateral angle of the
orbit, and in its course gives off glandular branches to the lacrimal gland, muscular "branches to
the lateral and superior recti, palpebral branches to the upper eyelid and the upper and lateral

part of the forehe.ad, temporal and zygomatic branches, which accompany tlie zygomatico-temiwral
and zygomatico- facial branches of the zygomatic (temporo-malar) nerve, to the face and the
infra -temporal fossa respectively ; anterior ciliary branches, which perforate the sclera behind
the corneo-scleral junction and anastomose with the posterior ciliary arteries ; and a recurrent

meningeal branch, which passes backwards, through the lateral part of tlie superior orbital

fissure, to ana.stomose, in the middle fossa of the skuU, with the middle meningeal artery.

(e) Muscular.—These branches are usually arranged in two sets, lateral and medial. The
former supply the upper and lateral, and the latter the lower and medial orbital muscles. They
anastomose with muscular branches from the lacrimal and the supra -orbital vessels, and they
give off anterior ciliary branches.

if) The supra-orbital branch is given off as the oi^hthahnic artery classes above the optic

nerve. It jvis-se-s round the medial ]x)rdei-s of the superior rectus and levator palpebrae muscles,
and runs forwards, between the levator and the periosteum, to the supra-orbital notch, accompany-
ing the frontal nerve and its supra-orbital branch. Passing through the notch it reaches the scalp,

and, after it has perforated the frontalis muscle, it anastomoses with the frontal branches of the
superficial temporal and ophthalmic arteries.

(g) Anterior and posterior ethmoidal branches arise from the ophthalmic as it runs forwards
along the medial boundary of the orbit. They pass medially, between the superior oblique and
the medial rectus. The posterior, which is much the smaller of the two, traverses the posterior
ethmoidal canal, and supplies the posterior ethmoidal cells and the posterior and upper part of
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the lateral wall of the nasal cavity. The anterior ethmoidal artery passes through the anterior

ethmoidal canal with the anterior ethmoidal nerve, enters the anterior fossa of the skull, and
crosses the lamina cribrosa of the ethmoid to the nasal slit, through which it reaches the

nasal cavity where it descends, with the external branch of the nasal nerve, in a groove on the
posterior surface of the nasal bone, and, finally, passes between the lateral cartilage and the

lower border of the nasal bone to the tip of the nose. It supplies branches to the membranes
of the brain in tlie anterior cranial fossa as well as to the anterior ethmoidal cells, the frontal

sinus, the anterior and upper part of the nasal muco-periosteum, and the skin on the dorsum
of the nose.

(h) Palpebral branches, uj^per and lower, are given off near the termination of the

ophthalmic. They are distributed to the upj)er and lower eyelids, and they anastomose with the

lacrimal, supra-orbital, and infra-orbital arteries.

(i) The dorsal nasal terminal branch, passes out of the orbit above the medial tarsal

ligament. It pierces the palpebral fascia, and terminates on the side of the nose by anastomosing

with the angular branch of the external maxillary artery.

(j) The frontal terminal branch, pierces the palpebral fascia at the upper and medial
part of the orbit, and ascends, with the supra-trochlear nerve, in the superficial fascia of the

anterior and medial part of the scalp, anastomosing with its fellow of the opposite side and
with the supra-orbital artery.

(6) The posterior communicating artery arises from the internal carotid near its

termination. It runs backwai'ds, below the optic tract and anterior to the pedunculus

cerebri, and, passing above the oculomotor nerve, joins the posterior cerebral artery forming

part of the circulus arteriosus (Willis). It gives branches to the optic chiasma, the optic

tract, the pedunculus cerebri, the interpeduncular region, the internal capsule, and the optic

thalamus. The posterior communicating artery varies much in size; it may be small

on one or both sides, sometimes it is very large on one side ; occasionally it replaces

the posterior cerebral artery, and it sometimes arises from the middle cerebral artery.

(7) The chorioidal is a small branch, which also arises near the termination of the

internal carotid ; it passes backwards and laterally, between the pedunculus cerebri and

the uncus, to the lower and anterior part of the chorioidal fissure which it enters, and

it terminates in the chorioidal plexus in the inferior cornu of the lateral ventricle.

It supplies the optic tract, the pedunculus cerebri, the uncus, the posterior part of the

internal capsule, the tail of the caudate nucleus, part of the lentiform nucleus, and the

amygdaloid nucleus.

(8) Arteria Cerebri Anterior.—The anterior cerebral artery is the smaller

of the two terminal branches of the internal carotid. It passes forwards and

medially, above the optic chiasma and in front of the lamina terminaHs, to the

commencement of the longitudinal fissure ; there it turns round the genu of the

corpus callosum, and runs backwards to the parietal lobe of the brain. At
the commencement of the longitudinal fissure it is closely connected with its

fellow of the opposite side by a wide but short anterior communicating artery,

and in the remainder of its course it is closely accompanied by its fellow artery

of the opposite side.

Branches.—Branches of all the cerebral arteries are distributed both to the basal

ganglionic masses of the brain and to the cerebral cortex ; they therefore form two distinct

groups which do not communicate with one another—(a) central or basal
;

(h) cortical.

The branches of the anterior cerebral include :

(a) Central or basal branches.—The antero-medial basal arteries, a small group of

vessels, constitute the basal branches of the anterior cerebral artery ; they pass upwards

into the base of the brain, in front of the optic chiasma, and supply the rostrum of

the corpus callosum, the lamina tcrminalis, the head of the caudate nucleus, the anterior

part of the lentiform nucleus and internal capsule, the columns of the fornix, the septum

pellucidium, and the anterior commissure.

(h) Cortical branches. — {b^) Medial orbital, one or more small branches which

supply the medial orbital convolution, the gyrus rectus, and the olfactory lobe.

(6^) Anterior medial frontal, one or more branches which are distributed to the an-

terior and lower part of the medial surface of the superior frontal gyrus, and to the anterior

portions of the superior and middle frontal gyri on the lateral surface of the hemisphere.

{b^) An intermediate medial frontal is distributed to the posterior part of the medial

lateral surfaces of the superior frontal gyrus and to the upper parts of the anterior and

posterior central gyri.

(6*) The posterior medial frontal runs backwards to the prtecuneus. It supplies

the corpus callosum, the prtecuneus, and the upper part of the superior parietal lobule.
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(9) Arteria Cerebri Media.
—

'J'he middle cerebral artery is the larger of the

two terminal braiiclies, antl the more direct contimuition of the internal carotid

artery. It passes laterally, in the stem of the lateral fissure (Sylvius), to the

surface of the insula, and it divides, in the posterior part of the circular sulcus

(Reil), into parieto-temporal and temporal terminal branches.

Branches.

—

{a) The central or basal, wliich constitute the antero - lateral basal

arteries, urc numerous and very variable in size. They arise at the base of the brain,

in the region of the anterior jjcrforated substance. Two sets, known as the medial and
the lateral striate arteries, are distinguishable.

(a^) The medial striate arteries pass ujnvards through the two medial segnienta

of the lentiform nucleus (globus puUidus) and the internal capsule to terminate in the

caudate nucleus. They supply the antei'ior portions of the lentiform and caudate nuclei

and of the internal capsule.

(a-) The lateral striate arteries pass upwards through the lateral segment (puta-

men) of the lentiform nucleus, or between it and the external capsule, and they form two

sets : an anterior, the lenticulo-striate, and a posterior, the lenticulo-optic ; both sets

traverse the lentiform nucleus and the internal capsule, but the lenticulo-striate arteries

terminate in the caudate nucleus, and the lenticulo-ojjtic in the thalamus. One of the

lenticulo-striate arteries, which passes in the first instance round the lateral side of the

lentiform nucleus, and afterwards through its substance, is larger than its companions ; it

frequently rupt\ires, and is known as the "artery of cerebral haemorrhage."

{(i) Cortical branches are given off as the middle cerebral artery passes over the surface

of the insula at the bottom of the lateral fissure, as follows :

—

(6^) The lateral orbital runs forwards and laterally, and is distributed to the

lateral part of the orbital surface of the frontal lobe and to the inferior frontal gyrus.

(b-) The inferior lateral frontal, which supplies the inferior and middle frontal

{b^) The ascending frontal, which turns round the upper margin of the lateral fissure,

and is distributed to the anterior central gyrus and to the posterior part of the middle

frontal gyrus.

(b*) The ascending parietal branch emerges from the lateral fissure (Sylvius) and

passes upwards along the posterior border of the posterior central gyrus, supplying that

gyrus and the superior parietal lobule.

(P) The temporal branch passes out of the lateral fissure, and turns downwards to

supply the superior and middle temporal gyri.

(6*^) The parieto-temporal branch continues backwards, in the direction of the main

stem of the middle cerebral artery, and emerges from the posterior end of the lateral

fissure ; it supplies the inferior parietal lobule, part of the lateral surface of the occipital

lobe, and the posterior part of the temporal lobe.

Arteria Vertebralis.

The vertebral artery (Figs. 757 and 761) is the first branch given off from

the subclavian trunk ; it arises from the upper and posterior part of the parent

stem, opposite the interval between the anterior scalene and the longus colli

muscles, and terminates at the lower border of the pons (Varolii) by uniting with

its fellow of the opposite side to form the basilar artery.

Course and Relations.—The vertebral artery is divisible into four parts.

The first part runs upwards and backwards, between the scalenus anterior and

the lateral border of the longus colli, to the foramen in the transverse process of the

sixth cervical vertebra.. It is surrounded by a plexus of sympathetic nerve fibres,

is covered anteriorly by the vertebral and internal jugular veins, and it may be

crossed anteriorly by the inferior thyreoid artery. On the left side the terminal

part of the thoracic duct also passes anterior to it., The second part runs upwards

through the foramina in the transverse processes of the upper six cervical vertebrae.

As far as the second cervical vertebra its course is almost vertical ; as it passes

through the transverse process of the epistropheus, however, it is directed obUquely

upwards and laterally to the atlas. It is surrounded by a plexus of sympathetic

nerve fibres, and also by a plexus of veins. The artery lies anterior to the trunks

of the cervical nerves, and medial to the intertransverse muscles. 1 The third part
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emerges from the foramen in the transverse process of the atlas, between the anterior

division of the sub-occipital nerve medially and the rectus capitis lateralis laterally,

and runs almost horizontally backwards and medially, round the lateral and posterior

aspects of the corresponding superior articular process of the atlas. In this part of

its course it enters the sub-occipital triangle, where it lies in the groove on the

upper surface of the posterior arch of the atlas (sulcus arterite vertebralis). It is

separated from the bone by the sub-occipital nerve, and is overlapped superficially

by the adjacent borders of the superior and inferior oblique muscles. Finally, this
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part of the artery passes anterior to the oblique ligament of the atlas and enters

the vertebral canal.

The fourth part pierces the spinal dura mater and runs upwards into the cranial

cavity. It passes between the roots of the hypoglossal nerve, posteriorly, and the

first dentation of the ligamentum denticulatum, anteriorly, pierces the arachnoid, and,

gradually inclining to the front of the medulla oblongata, reaches the lower border

of the pons, where it unites with its fellow of the opposite side to form the basilar

artery.

Branches.— Fro7ii. the Jirst part.—As a rule there are only a few small muscular

twigs from this portion of the artery.

Frota the second part.—(1) Muscular branches which vary in number and size. They

supply the deep muscles of the neck, and anastomose with the profunda cervicis, the

ascending cervical, and the occipital arteries.
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(2) Spinal branches puss from the mediul side of the second part of the vertebral

artery, through the intervertebral foramina, into the vertebral canal, where they give off

twigs which pass along the roots of the spinal nerves to reinforce the anterior and posterior

spinal arteries ; they supply the bodies of the vertebrae and the intervertebral fibro-

cartilages, and they anastomose with corresponding arteries above and below.

From the third part.—(1) Muscular branches to the sub-occipital muscles.

(2) Anastomotic branches which unite with the descending liranch (O.T. princeps

cervicis) of the occipital and witli the profunda cervicis artery.

From the fourth jxirt.— (I) Meningeal.—One or two .small branches given off before

the vertebral artery pierces the dura muter. They ascend into the posterior fossa of the

skull, where they anastomose with meningeal branches of the occipital and ascending

pharyngeal arteries, and occasionally with branches of the middle meningeal artery.

(2) Posterior Spinal.—The posterior spinal branch springs most commonly from the

posterior inferior cerebellar branch of the vertebral (Stopford, 1916), but occasionally it

arises from the vertebral directly. It runs downwards upon the side of the medulla
oblongata and the spinal medulla, either in front of or behind the posterior nerve-roots. It is

a slender artery, which is continued to the lower part of the spinal medulla by means of

reinforcements from the spinal branches of the vertebral and intercostal arteries. It gives

off branches to the pia mater, which form more or less regular anastomoses on the medial and
lateral sides of the posterior nerve-roots, and it ends by joining the anterior spinal artery.

(3) The anterior spinal branch arises near the termination of the vertebral. It runs

obliquely downwards and medially, in front of the medulla oblongata, and unites with its

fellow of the opposite side to form a single anterior spinal artery, which descends along

the anterior median fissui'e of the spinal medulla, and is continued as a fine vessel along

the filum terminale. The anterior spinal artery is reinforced as it descends by anasto-

mosing twigs from the spinal branches of the vertebral, intercostal, and lumbar arteries.

It gives off branches which pierce the pia mater and supply the spinal medulla, and it

unites below with the posterior spinal arteries.

(4) The posterior inferior cerebellar is the largest branch of the vertebral artery.

It arises a short distance below the pons and passes obliquely backwards round the

medulla oblongata, at first between the fila of the hypoglossal nerve, and then between the

fila of the accessory and vagus nerves, into the vallecula of the cerebellum, where it divides

into lateral and medial terminal branches.

The trunk of the artery gives branches to the medulla oblongata and to the chorioid

plexus of the fourth ventricle. Some of these branches supply the nuclei of the glosso-

pharyngeal, the vagus, and the accessory nerves, the spino-thalamic, spino-cerebellur, rubro-

spinal, olivo-cerebellar tracts, and po.ssibly also the vestibular root of the acoustic and the

spinal root of the fifth nerve (Bury and Stopford). The medial terminal runs backwards
between the inferior vermis and the hemisphere of the cerebellum ; it supplies the former

structure, and anastomoses with its fellow of the opposite side. The lateral branch passes

to the lower surface of the hemisphere and anastomoses with the superior cerebellar aitery.

Arteria Basilaris.— The basilar artery is formed by the junction of the two
vertebral arteries ; it commences at the lower border and terminates at the upper
border of the pons (Varolii), bifurcating at its termination into the two posterior

cerebral arteries.

Course and Relations.—It runs upwards, in the median part of the cisterua

poutis, in a shallow groove on the front of the pons, behind the sphenoidal section

of the basi-cranial axis and between the two abducent nerves.

Branches.— (1) Pontine, a series of small arteries which pass across the front and
round the sides of the pons, supplying the pons, the brachia pontis (O.T. middle peduncles

of the cerebellum), and the roots of the trigeminal nerve.

(2) The internal auditory, a pair of long slender l>ranches. Each internal auditory

branch may spring either from the basilar or from the anterior inferior cerebellar artery

of the same side (Stopford, 1916). It enters the corresponding internal acoustic meatus
with the facial and acoustic nerves, and, after it has passed through the lamina cribrosa,

it is distributed to the iuternul cur.

(3) The anterior inferior cerebellar, two branches which arise, one on each side, from

the middle of the basilar artery. They pass backwards, on the anterior parts of the

lower surfaces of the lateral lobes of the cerebellum, and anastomose with the posterior

inferior cerebellar branches of the vertebral arteries.

(4) The superior cerebellar branches, two in number, arise near the termination of the

basilar. Each passes luterully, at the upper border of the pons, directly below the
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oculomotor nerve of the same side, and, after turning round the lateral side of the

pedunculus cerebri, below the trochlear nerve, it reaches the upper surface of the

cerebellum, where it divides into a medial and a lateral branch. The medial branch
supplies the upper part of the vermis, and the anterior medullary velum. The lateral

branch is distributed over the upper surface of the lateral lobe ; it anastomoses with the

inferior cerebellar arteries.

(5) Arteriae Cerebri Posteriores.—The posterior cerebral arteries (Figs. 762 and
764) are the two terminal branches of the basilar. They run backwards and
upwards, between the peduncles of the cerebrum and the uncinate gyri and parallel

to the superior cerebellar arteries, from which they are separated by the oculo-

motor and trochlear nerves. Each posterior cerebral artery is connected with the

internal carotid by the posterior communicating artery ; it gives branches to the

inferior surface of the cerebrum, and is continued backwards, beneath the splenium
of the corpus callosum, to the calcarine fissure, where it divides into calcarine and
parieto-occipital branches, which pass to the lateral surface of the occipital lobe.

It supplies the medial and tentorial surfaces of the occipital lobe and the posterior

part of its lateral surface.

Branches.—(A) Central or basal.—This group includes (a^) A postero-medial set

of small vessels which pass, on the medial side of the corresponding cerebral peduncle,

to the posterior perforated substance. They supply the peduncle, the posterior part of

the thalamus, the corpora mamillaria, and the walls of the third ventricle.

(a-) A postero-lateral set of small vessels, which pass round the lateral side of the

peduncle. They supply the corpora quadrigemina, the brachia, the pineal body, the

peduncle, the posterior part of the thalamus, and the corpora geniculata.

(a^) A posterior chorioidal set of small branches which pass through the upper part of

the chorioidal fissure ; they enter the posterior part of the tela chorioidea of the third

ventricle, and end in the chorioid plexus, in the body of the lateral ventricle, and the

upper part of its inferior cornu. They also supply the adjacent parts of the fornix.

(B) Cortical.—(6^) The anterior temporal, frequently a single branch of variable size,

but not uncommonly replaced by several small branches. It supplies the anterior parts of

the uncus, the hippocampal gyrus, and the fusiform gyrus.

(6^) The posterior temporal is a larger branch than the anterior. It supplies the

posterior part of the hippocampal gyrus, part of the fusiform gyrus, and the lingual gyrus.

(6^) The calcarine branch is the continuation of the posterior cerebral artery along

the calcarine fissure, it is especially associated with the supply of the visual area of the

corte.x of the brain. It supplies the cuneus, the lingual gyrus, and the posterior part of

the lateral surface of the occipital lobe.

{h*) The parieto-occipital branch, smaller than the calcarine, passes along the

corresponding fissure to the cuneus and preecuneus.

Circulus Arteriosus (Willis) (Fig. 764).—The cerebral arteries of opposite sides

are intimately connected together at the base of the brain by anastomosing channels.

Thus, the two anterior cerebral arteries are connected with one another by the

anterior communicating artery, whilst the two posterior cerebrals are in continuity

through the basilar artery from which they arise. There is also a free anastomosis

on each side between the carotid system of cerebral arteries and the vertebral

system by means of the posterior communicating arteries, which connect the

internal carotid trunks and posterior cerebral arteries.

The vessels referred to form the so-called circulus arteriosus (O.T. circle of

WiUis) which is situated at the base of the brain, in the interpeduncular and
chiasmatic subarachnoid cisterns. It encloses the following structures : the

posterior perforated substance, the corpora mamillaria, the tuber cinereum, the

infundibulum, and the optic chiasma. The " circle " is irregularly polygonal in

outline, and is formed posteriorly by the termination of the basilar and by the

two posterior cerebral arteries, postero-lateraUy by the posterior communicating
arteries and the internal carotids, antero-laterally by the anterior cerebral arteries,

and in front by the anterior communicating artery.

It is stated that this free anastomosis equalises the flow of blood to the various

parts of the cerebrum, and provides for the continuation of a regular blood-supply

if one or more of the main trunks should be obstructed.
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ARTERIES OF THE UPPER EXTREMITY.

The main arterial stem of each upper extremity passes through the root of the

neck, traverses the axillary space, and is continued through the arm to the

forearm. In the forearm its extent is short, for it terminates, opposite the neck

of the radius, by bifurcating into the radial and ulnar arteries, which run through

the forearm to the hand. That portion of the common trunk which lies in the

root of the neck -is known as the subclavian artery, the part in the axillary space

is termed the axillary artery, whilst the remaining part is called the bracliial artery.

ARTERLE SUBCLAVIiE.

On the right side the subclavian artery (Figs. 757, 759, 761, and 766)

commences at the termination of the innominate artery, posterior to the sterno-

clavicular articulation, whilst that on the left side arises from the arch of the

aorta, behind the upper half of the manubrium sterni.

The right artery is about 75 mm. (3 inches) long ; it lies in the root of the

neck. The left artery is about 100 mm. (4 inches) long, and is situated not only

in the root of the neck, but also in the superior mediastinal part of the thorax.

In the root of the neck each artery arches laterally, across the apex of the lung and

behind the anterior scalene muscle, and is divided into three parts, which he

respectively to the medial side, behind, and to the lateral side of the muscle.

The extent to which the arch rises above the level of the clavicle varies ; not un-

commonly it reaches the level of the lower part of the thyreoid gland. The first parts

of the subclavian arteries differ materially from each other both in extent and re-

lations. The relations of the second and third parts are similar on the two sides.

The first part of the left subclavian artery springs from the arch of the

aorta, posterior to the commencement of the left common carotid and on tlie left

side of the trachea. It ascends almost vertically, in the superior mediastinum, to

the root of the neck, where it arches upwards and laterally to the medial border

of the scalenus anterior muscle.

Relations.

—

Posterior.—In the superior mediastinum it is in relation with the lung

and pleura.

Anterior. — In front are the left vagus, the left superior cardiac branch of the

sympathetic, the left inferior cardiac branch of the vagus, the left phrenic nerve, and the

left common carotid artery. It is also crossed obliquely by the left vagus nerve, and it is

overlapped on the left side by the left lung and pleura.

Medial.—Medially it is in relation, from below upwards, with the trachea, the left

recurrent nerve, the oesophagus, and the thoracic duct, the latter lying in a plane posterior

to the oesophagus and the artery.

Laterally it is closely invested by the left pleura, and it ascends in a groove on the

medial aspect of the left lung.

At the root of the neck, as it turns laterally, it lies behind the commencement of the

left innominate vein, and the termination of the left vertebral vein, the phrenic nerve, the

sterno-thyreoid and sterno-hyoid muscles, the anterior jugular vein, and, more superficially,

the sterno-mastoid muscle and the deep cervical fascia ; the thoracic duct arches obliquely

over it ; and it lies in front of the apex of the pleural sac and lung.

The first part of the right subclavian artery (Fig. 761) extends from the

back of the right sterno-clavicular articulation to the medial border of the scalenus

anterior. It is thus limited to the root of the neck.

Relations.

—

Posterior.—Behind this part of the artery, and intervening between it

and the upper two thoracic vertebnc, are the recurrent nerve, the posterior part of the

ansa subclavia, and the apex of the right pleural sac. Anterior.—In front it is in relation

with the right vagus, the cardiac branches of the vagus and the sympathetic, the anterior

portion of the ansa subclavia, the internal jugular and vertebral veins, and more super-

ficially the sterno-hyoid and stenio-thyreoid muscles, the anterior jugular vein, the sternal

end of the clavicle, the sterno-clavicular ligaments, and the sterno-mastoid muscle. The

recurrent nerve passes below it and intervenes between it and the apex of the pleural sac.
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The second part of the subclavian artery, on each side, extends from the

medial to the lateral border of the scalenus anterior, behind which it hes.

Relations.—Posteriorly and heloiv it is in relation with the pleural sac. Anteriorly

it is covered by the anterior scalene and the sterno-mastoid muscles. The anterior scalene

separates it from the subclavian vein, which lies at a slightly lower level, from the trans-

verse cervical and transverse scapular arteries, from the anterior jugular vein, and, on

the right side, from the phrenic nerve.

The third part of the subclavian artery is the most superficial portion.

It extends from the lateral border of the anterior scalene to the outer border of

the first rib, lying partly in the clavicular portion of the posterior triangle of the

neck and partly behind the clavicle and the subclavius muscle.

Relations.—It rests iipon the upper surface of the first rib. Immediately posterior

to it is the lowest trunk of the brachial plexus, which separates it from the middle

scalene muscle. Anterior to it, and at a slightly lower level, lies the subclavian vein. The
external jugular vein crosses the medial part of this portion of the artery, and just before

its termination it receives the transverse cervical and transverse scapular veins ; those

vessels also pass superficial to the artery, which is thus covered superficially by venous

trunks ; it is also crossed vertically, behind the veins, by the nerve to the subclavius

muscle. The lateral section of this part of the artery lies posterior to the clavicle and
the subclavius muscle. It is crossed anteriorly by the transverse scapular artery, but

the layer of deep cervical fascia which binds the posterior belly of the omo-hyoid to the

posterior border of the subclavian groove intervenes between the two vessels. More
superficially the third part of the artery is covered by the superficial layer of the deep

fascia, the supra-clavicular branches of the cervical nerves, the platysma, and the skin.

Branches of the Subclavian Artery.

(1) The vertebral artery is distributed almost entirely to the head and neck

and its chief function is to supply the posterior part of the brain. Its description

has therefore been given with that of the other cerebral arteries (see p. 905).

(2) Truncus Thyreocervicalis.—The thyreo-cervical tnmk (Figs. 757 and 759)

arises close to the medial border of the scalenus anterior, from the upper and front

part of the subclavian artery, directly above the origin of the internal mammary
artery. After a short upward course of about 4 mm. (two lines), it ends, under

cover of the internal jugular vein, by dividing into three branches—viz., the inferior

thyreoid, the transverse cervical, and the transverse scapular.

(A) Arteria Thyreoidea Inferior.—The inferior thyreoid artery (Figs. 757, 759)

ascends along the anterior border of the scalenus anterior, and turns medially,

opposite the cricoid cartilage, to the middle of the posterior border of the corre-

sponding lobe of the thyreoid gland ; it then curves medially and downwards, and
descends to the lower end of the lobe of the thyreoid gland, where it divides into

ascending and inferior terminal branches.

Relations.

—

Posterior are the vertebral artery, and the longus colli muscle

;

the recurrent nerve passes either anterior or posterior to the vessel, opposite the lower

border of the thyreoid gland. It is covered anteriorly by the carotid sheath, which

contains the common carotid artery, the internal jugular vein, and the vagus nerve; the

middle cervical ganglion of the sympathetic lies in front of the artery as it bends medially
;

and on the left side the thoracic duct also passes in front of it.

Branches.—It gives off the following branches :

—

(a) Muscular.—Numerous small branches pass to the scalenus anterior, the longus

colli, the infra-hyoid muscles, and the inferior constrictor of the pharynx.

(6) The ascending cervical usually springs from the inferior thyreoid near its origin,

but it may arise separately from the thyreo-cervical trunk. It ascends, parallel with and

medial to the phrenic nerve, in the angle between the longus capitis and the scalenus

anterior, to both of which it gives branches. It also gives off spinal branches which

pass through tlie intervertebral foramina to the vertebral canal. It anastomoses with

branches of the verteV;ral, occipital, ascending pharyngeal, and deep cervical arteries.

(c) (Esophageal. — Small branches given to the walls of the oesophagus, which

anastomose with the oesophageal branches of the thoracic aorta.
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(d) Tracheal branches are diHtribiited to the trachea ; they anastomose with hraiiehes

of the superior ihyreoid .iiid with the bronchial arteries.

(e) All inferior laryngeal branch accompanies the recurrent nerve to the lower part

of the larynx. iL enters the laryn.v, at the lower border of the inferior constrictor,

j^ives branches to its muscles and mucous URMubrane, and anastomoses with the laryngeal

branch of the su])eiior thyreoid artery.

i^f) The ascending terminal branch supplies the posterior and lower part of the

thyreoid j^land, and anastomoses with branches of the superior thyreoid artery.

(*7) The inferior terminal branch is distributed to the lower and medial part of the

corresponding lobe of the thyreoid gland. It anastomoses with its fellow of the opposite

side and with brandies of the superior thyreoid artery.

(B) Arteria Transversa Colli.—The transverse cervical artery (Figs. 750 and

761) arises from the thyreo-cervical trunk and runs upwards and posteriorly across

the posterior triangle of the neck to the anterior border of the trapezius ; there

it divides into a ramus ascendens (O.T. superficial cervical) and a ramus descendens

(O.T. posterior scapular). It is very variable in size, and not infrequently the

ramus descendens arises separately from the third part of the subclavian.

Immediately after its origin, under cover of the internal jugular vein, it crosses

the scalenus anterior, lying superficial to the phrenic nerve and under cover of the

sterno-mastoid muscle; on the left side it is also crossed, superficially, by the terminal

part of the thoracic duct. Passing from beneath the sterno-mastoid, it enters the

lower part of the posterior triangle of the neck, where it lies upon the trunks of

the brachial plexus, and, as it runs upwards and backwards to its termination, it

passes medial to the posterior belly of the omo-hyoid.

The ascending braucli may be a separate vesisel which springs from the thyreo-cervical trunk

and takes the course described, wliilst the descending branch arises from the third part of the

subclavian artery and lies at a lower level. In sucli cases the upper of the two vessels is called

the superficial cervical artery and the lower the transverse cervical artery. If the superficial

cervical artery is absent it is replaced by the ascending branch of tlie transverse cervical.

Branches.—(a) Small muscular branches to the surrounding muscles.

(6) The ascending branch, usually a slender branch, passes beneath the trapezius ; it

sends branches upwards and downwards, superficial to the levator scapula) and upon the

splenius ; the ascending branches anastomose with the descending branch of the occipital

artery, and the descending branches accompany the accessory nerve and anastomose with

the descending branch and transverse scapular artery.

(c) The descending branch runs downwards, deep to the levator scapuhe and the

rhomboid muscles, close to the vertebral border of the scapula. It runs parallel with,

and a short distance away from, the dorsal scapular nerve (O.T. nerve to the rhomboid

muscles), and it sends branches into the supraspinous, the infraspinous, and the subscapular

fossfe, which anastomose with branches of the transverse scapular and subscapular arteries.

It also sends branches backwards, through and between the rhomboid muscles, wdiich

anastomose with the branches of the ascending division of the transverse cervical and

with the posterior branches of the intercostal arteries.

(C) Arteria Transversa Scapxilse.—The transverse scapular artery (O.T. supra-

scapular) springs from the thyreo-cervical trunk and terminates in tlie infraspinous

fossa of the scapula. As a rule it is smaller than the transverse cervical artery.

Commencing behind the internal jugular vein, it crosses the scalenus anterior

and phrenic nerve, and is covered superficially by the sterno-mastoid and the

anterior jugular vein ; on the left side it lies behind the termination of the thoracic

duct also. Continuing, laterally, behind the clavicle, and crossing superficial to the

third part of the subclavian artery and the cords of the brachial plexus, it reaches

the scapular notch and passes over the superior transverse ligament. Then it

descends, with the suprascapular nerve, through the supraspinous fossa and deep to

the supraspinatus muscle, and after passing through the great scapular notch, deep

to the inferior transverse ligament, it enters the infraspinous fossa, where it anas-

tomoses with the circumflex scapular branch of the subscapular artery and with

twigs of the descending branch of the transverse cervical artery.

Branches.—(<0 Muscular, to the sterno-mastoid, the subclavius, and the muscles on

the dorsum of the scapula.

(h) The medullary, a small branch to the clavicle.
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(c) The suprasternal, to the sternal end of the clavicle and the sterno-clavicular

joint.

(d) Acromial branches, which ramify over the acromion, anastomosing with the

acromial branches of the thoraco-acromial and the posterior circumflex arteries.

Levator scapulae

Descending branch of transverse cervical artery
Transverse scapular artery

Rhomboideus minor

Descending branch
of transverse

cervical artery

Rhomboideus major

Infraspinatus

Long head of triceps

Teres major

Latissimus dorsi

Infraspinatus

Deltoid

Teres minor

Axillary nerve

Posterior circumflex
artery

Circumflex scapular
artery

Triceps (lat. head)

'Profunda artery

Radial nerve

Triceps (lat. head)

Brachialis

Fui. 765.

—

Dissection of the Back of the Shouldek and Arm, showing the anastomosing vessels

on the dorsum of the .scapula, and the posterior humeral circumllex and the profunda arteries.

(e) Articular, to the acromio-clavicular and shoulder-joints.

(/) The subscapular, which is given off as the artery passes over the superior

transverse ligament. It passes down into the subscapular fossa, gives branches to the

subscapularis, and it anastomoses with the branches of the subscapular artery and the

descending branch of the transverse cervical artery.

(g) Supraspinous, which ramify in the supraspinous fossa, supplying the muscle, and

anastomosing with the descending branch of the transverse cervical.

(A) Terminal branches ramify in the infraspinous fossa, and anastomose with the
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circumHex scapular and with branches of the descending branch of the transverse

cervical artery.

(3) Arteria Mammaria Interna.—The internal mammary artery (Figs. 757, 761)

arises from the lower and anterior part of the subclavian, at the medial border

of the scalenus anterior and immediately below the origin of the thyreo-cervical.

trunk. It terminates, behind the medial extremity of the sixth intercostal space,

by dividing into the musculo-phrenic and the superior epigastric arteries.

The artery passes at tirst downwards, forwards, and medially, lying upon the

pleura, and behind the innominate vein, the sternal extremity of the clavicle, and

the cartilage of the tirst rib ; it is crossed obliquely, from the lateral to the

medial side, by the phrenic nerve, which usually passes anterior to it. From the

cartilage of the tirst rib it descends vertically, about 12 mm. (half an inch) from the

border of the sternum, and lies, in the upper part of its course, in front of the pleura,

and, in the lower part, in front of the transversus thoracis muscle. It is covered

anteriorly by the Ciirtilages of the upper six ribs, the intervening intercostal muscles,

and the terminal portions of the intercostal nerves; and it is accompanied by

two venae comites, which unite together above, and on its medial side, to form a

single trunk which terminates in the innominate vein.

Branches-—(«) The pericardiaco-phrenic (U.T. comes nervi phrenici) is a long slender

branch which is given off from the upper part of the internal mammary. It accompanies

the phrenic nerve, through the superior and middle mediastina, to the diaphragm, where

it anastomoses with the inferior phrenic and musculo-phrenic arteries. In its course

downwards this branch gives off numerous small rami to the pleura and pericardium,

which anastomose with offsets of the mediastinal and pericardial branches of the aorta

and internal mammary arteries, and also with the bronchial arteries, forming the wide-

meshed suhpleural plexus of Turner.

(b) Anterior mediastinal branches, small and numerous, pass to the areolar tissue of

the anterior mediastinum and supply the areolar tissue and the sternum.

(c) Thymic.—Small twigs which supply the thymus.

((/) Bronchial.—One or several small branches which pass to the lower end of the

trachea and to the bronchi.

(e) The intercostal are two in number in each of the upper six intercostal spaces.

They pass laterally and, for a short distance, they lie either between the pleura and the

internal intercostal muscles or between the transversus thoracis and the internal inter-

costal muscles ; they then pierce the internal intercostal muscles, and ramify between them

and the external intercostal muscles, anastomosing with the aortic and superior intercostal

arteries and their collateral branches.

(/) The perforating branches, one in each of the upper six intercostal spaces, are small

vessels which pass forwards, with the anterior branches of the thoracic nerves, piercing

the internal intercostal muscle, the anterior intercostal membrane, and the pectoralis

major. They terminate in the skin and subcutaneous tissue. They supply twigs to the

sternum, and those in the third and fourth spaces, usually the largest of the series, give

off branches to the mammary gland.

(g) The musculo-phrenic, or lateral terminal branch of the internal mammary
artery, runs downwards and laterally, from the sixth intercostal space to the tenth costal

cartilage. In the upper part of its course it lies upon the thoracic surface of the

diaphragm, but it pierces the diaphragm about the level of the eighth costal cartilage, and

terminates on its abdominal surface. Its branches are :

—

(i.) Muscular, which supply the diaphragm and anastomose with the superior and inferior

phrenic arteries.

(ii.) Intercostal branches, two in each of the seventh, eighth, and ninth intercostal spaces

;

they are distributed in tlie same manner as tlie corresponding branches of the internal mammary
artery, and terminate by anastomosing witli the aortic iutercostals and tlieir collateral branches.

(h) The superior epigastric, or medial terminal branch of the internal mammary artery,

descends into the anterior wall of the abdomen. It leaves the thorax, between the sternal

and costal origins of the diaphragm, and enters the sheath of the rectus abdominis

muscle, lying first behind, and then in the substance of the muscle. It terminates by

anastomosing with branches of the inferior epigastric artery. Its branches are :

—

(i.) Muscular, to the rectus, to the flat muscles of the abdommal wall, and to the diaphragm.

(ii.) Anterior Cutaneous.—Small branches which pierce the rectus abdominis muscle and

the anterior portion of its sheath. They accompany the anterior terminal branches of the lower

59
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thoracic nerves, and terminate in the subcutaneous tissues and skin of the middle portion of the
anterior abdominal wall.

(iii.) Xiphoid, a small branch which crosses the front of the xiphoid process to anastomose
with its fellow of the oj^posite side. It supplies the adjacent muscles and skin.

(iv.) Hepatic branches of small size pass backwards in the falciform ligament to the liver,

where they anastomose with branches of the hepatic artery.

(4) Truncus Costocervicalis.—The costo-cervical trunk (Fig. 761) springs

from the posterior aspect of the second part of the subclavian artery on the right

side and from the first part on the left side. It runs upwards and backwards,

over the apex of the pleural sac, to the neck of the first rib, where it divides

into superior intercostal and deep cervical branches.

Branches.

—

(a) Arteria Cervicalis Profunda

—

The deep cervical branch sometimes

arises from the subclavian artery directly ; but more commonly it springs from the costo-

cervical trunk at the upper border of the neck of the first rib. It runs backwards, to the

back of the neck, passing between the first thoracic and last cervical nerves, and between
the transverse process of the last cervical vertebra and the neck of the first rib. In the

back of the neck it ascends, between the semispinalis capitis (O.T. complexus) and the

semispinalis cervicis muscles and it terminates by anastomosing with the descending branch

of the occipital artery. It anastomoses also with branches of the ascending cervical and
vertebral arteries, supplies the adjacent muscles, and sends a spinal branch, through the

intervertebral foramen between the last cervical and the first thoracic vertebrae, into the

vertebral canal ; this branch anastonioses with the spinal branches of the vertebral and
intercostal arteries.

(b) Arteria Intercostalis Suprema.

—

The superior intercostal branch descends, anterior

to the neck of the first rib, between the first thoracic nerve laterally and the first thoracic

ganglion of the sympathetic trunk medially and, at the lower border of the neck of the rib,

it gives off the posterior intercostal artery of the first space ; then, after crossing anterior

to the neck of the second rib, it becomes the posterior intercostal artery of the second inter-

costal space. The first two posterior intercostal arteries, which are respectively a branch

and the continuation of the superior intercostal artery, run laterally, each in its own space,

lying first between the pleura and the posterior intercostal membrane, and then between

the internal and external intercostal muscles. Their branches terminate by anastomosing

with anterior intercostal branches of the internal mammary artery. Each gives off

muscular branches to the intercostal muscles, a nutrient branch to the rib below which
it lies, and a collateral branch which runs along the lower border of the corresponding space.

ARTERIA AXILLARIS.

The axillary artery, which lies in the axillary space, is the direct continuation

of the subclavian artery, and it becomes the brachial artery.

It commences at the external border of the first rib, at the apex of the axillary

space. It passes distally, with a lateral inclination, along the lateral wall of the

space, i.e. to the medial side of the shoulder-joint and the humerus, to the lower

border of the teres major, where it becomes the brachial artery. A line drawn
from the middle of the clavicle to the medial border of the prominence of the

coracobrachialis muscle, when the arm is abducted until it is at right angles with

the side, indicates the position and direction of the artery.

The position and direction, however, and to a certain extent the relations of

the axillary artery, are modified by changes in the position of the upper

extrendty. With the arm hanging by the side the axillary artery describes a

curve with the concavity directed downwards and medially, and the vein is to its

medial side. When the arm is at right angles with the side, the axillary artery

is almost straight ; it lies closer to the lateral wall of the axilla, and the vein

overlaps it antero- medially. When the arm is raised above the level of the

shoulder the axillary artery is curved over the head of the humerus, with the

convexity of the curve below, and the vein lies still more in front of it.

For descriptive purposes the artery is divided into three parts : the first part

lies above, the second behind, and the third part below the pectoralis minor.

Though it is the usual custom to describe three parts of the axillary artery,

—a division which is of practical interest in so far as it emphasises the fact that

the axillary artery is surgically accessible above the pectoralis minor,—it is to be
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noted that the upper border of the pectorulis minor is frequently exactly opposite
the external border of the first rib, at the point where the axillary artery begins.
In the strict sense, therefore, no part of the artery is above the pectoralis minor.

Relations of the First Pa.rt~Posterior.—Thc first part of tlie artery is enclosed,
togetlieV with the vein and the cords of the brachial plexus, in a prolongation of the
cervical fascia known as the axillary sheath. Posterior to the sheath are the upper serra-
tion of the serratus anterior, the contents of the first intercostal space, and the long
thoracic nerve, the latter descending vertically between the artery and the serratus

A. transversa colli, ramus di'scendens
V. juguIariH extorna

A. suliclavia •-,

A. transversa scajiiilie , '-,

, ^
Nn. thoracales aiilcriores i 's^

thoracoacromialis et rami doltofdeiis I't pi'Ctonilis ' -.

A. et v., axillaris |
"\ ^

M. deltoidiMis

N. musculocutan:ri\s

.M. pectoralis

X. medinnus

A. carotis conaiimnis M. <imotiyoideiiK
V. jugularis intt-nia

j | M. steniotliyn-oideus

V. basilicii

A. brachi;

cutaneusantibrachii inedialis

N. cutaneiis brachii medialis

M. teres major ,'

A. snbscapnlaiis /'

A. tlioracali.s lateralis

M. pectoialis minor

M. pectoralis majoT

M. lati.ssinius il< i

M. serratus anteriui

M. obliquus externus abdoiiiii

FiQ. 766.

—

The Axillakv Aktkkv and ^ts Branches.
» li' ,

Note.—'J*he miiUlle third of the clavicle has lieeii removed ; and tlie arm has been slightly abducted and
rotated laterally. Parts of the pectoralis major and minor have been removed ; the positions of tlie

lower border of the pectoralis major and the upper and lower borders of the pectoralis minor are indi-

cated by broken black lines. Compare with Fig. 759, which represents a dissection of the same bo<ly

from a ditl'erent point of view.

anterior; whilst, within the sheath, the medial anterior thoracic nerve and the medial

cord of the brachial plexus lie behind the artery. Anterior.—It is covered in front by the

costo-coracoid membrane. The membrane intervenes between the artery and the cephalic

vein, the branches of the lateral anterior thoracic nerve, the branches of the thoraeo-

acromial artery with their accompanying veins, and the clavicular part of the pectoralis

major muscb . > ;perficial to which are the deep fascia, the platysma, the supra-clavicular

ranches of "the cervical plexus, and the superficial fascia and the skin. Posterior to the

josto-coracoid membrane the artery is crossed by a' loop of communication between the

lateral and medial anterior thoracic nerves. Lateral.—Above and to the lateral side are

59 a
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the lateral aud postei-ior cords of the brachial plexus and the lateral anterior thoracic

nerve. Below and to the medial side is the axillary vein, the medial anterior thoracic
nerve intervening.

Relations of the Second Part

—

Posteriw.—Behind the second part of the artery are
the posterior cord of the brachial plexus and a layer of fascia which separates it from the
subscapularis muscle. Anterior.—In front is the pectoralis minor, and, more supez-ficially,

the pectoralis major, the fasciae and skin. Lateral.—To the lateral side lies the lateral cord
of the brachial plexus. Medial.—On the medial side the medial cord of the plexus lies in

close relation to the artery, and intervenes between it and the axillary vein.

Relations of the Third Part

—

Posterior.—The third part of the artery rests

posteriorly upon the lower border of the subscapularis, the latissimus dorsi, and the
teres major. It is separated from the fibres of the subscapularis by the axillary (O.T.

circumflex) and radial (O.T. musculo-spiral) nerves, and from the latissimus dorsi and
teres major by the radial nerve alone. Anterior.—It is crossed in front by the medial
head of the median nerve. In its upper half it lies under cover of the lower part of

the pectoralis major, the fasciae and skin, whilst its lower part, which is superficial, is

covered by skin and fascise only. Lateral.—To the lateral side lie the median and
musculo-cutaneous nerves and the coraco-brachialis muscle. Medial.—To the medial side

is the axillary vein. The two vessels are, however, separated by two of the chief branches
of the medial cord of the brachial plexus, for in the angle between the vein and the artery,

and somewhat in front of the latter, lies the medial cutaneous nerve of the forearm
(O.T. internal cutaneous nerve) ; and, in the angle behind is the ulnar nerve. The medial
cutaneous nerve of the arm (O.T. lesser internal cutaneous) lies medial to the vein, and
the venae comites of the brachial artery ascend along the medial side, to terminate in

the axillary vein at the lower border of the subscapularis muscle.

Branches of the Axillary Artery.

(1) Arteria Thoracalis Suprema.—The highest thoracic artery is a small
branch which arises from the tirst part of the axillary at the lower border of

the subclavius. It runs downwards and medially, across the first intercostal

space, pierces the medial part of the costo-coracoid membrane, and supplies branches

to the subclavius, the pectoralis major and minor, and to the serratus anterior

(O.T. magnus) and the intercostal muscles; it anastomoses with branches of the

transverse scapular, the internal mammary, and the thoraco-acromial arteries.

(2) Arteria Thoracoacromialis.—The thoraco-acromial artery (Fig. 766) arises

near the upper border of the pectoralis minor, from the second part of the axillary

artery. It is a very short trunk, of considerable size, which passes forwards,

pierces the costo-coracoid membrane, and terminates, deep to the clavicular portion

of the pectorahs major, by dividing into four terminal branches—clavicular, pectoral,

deltoid, and acromial.

(a) The clavicular branch is a long slender artery which runs upwards and medially,

to thp stemo-clavicular joint, anastomosing with the supreme thoracic, with branches of

the transverse scapular, and with the first perforating branch of the internal mammary
artery. It supplies the adjacent muscles and the sterno-clavicular articulation.

(6) The pectoral is a large branch which descends between the two pectoral muscles,

to Vjoth of which it gives branches, and it anastomoses with the intercostal and lateral

thoracic arteries.

(c) The deltoid branch runs distally, in the groove between the pectoralis major and
the deltoid, where it lies by the side of the cephalic vein, as far as the insertion of the

deltoid. It anastomoses with the acromial branch and with the anterior circumflex artery,

and it gives branches to the pectoralis major and deltoid muscles and to the skin.

(d) The acromial branch runs upwards and laterally, across the tip of the coracoid

process, to the acromion ; it anastomoses with the deltoid branch, with the acromial

branches of the transverse scapular, and with the posterior circumflex arteries. It gives

branches to the deltoid.

(3) Arteria ThoracaUs Lateralis,—The lateral thoracic artery arises from the

second part of the axillary, and descends, along the lower border of the pectorahs
minor, to anastomose with the intercostal and subscapular arteries and with the

pectoral branch of the thoraco-acromial. It supphes the adjacent mi-cles, and
.sends mammary branches to the lateral part of the corresponding mam ; y gland.
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(4) Arteria Subscapularis.—The subscapular artery is the largest l)ranch
of the axillary artery. It arises from the tliird part of the artery, opposite the
lower border of the subscapularis, along which it descends, giving branches to

the muscle and to the medial wall of the axillary space. After a short course
it divides into two terminal branches, the circumflexa scapuhe and the thoraco-
dorsalis.

(1) The circumflex scapulae is freciuently the larger branch. It arises about 37 mm.
(one and u half Indies) from the commencement of the subscapular trunk, and passes

backwards into the triangular s])ace which lies between the subscapularis above, the teres

major below, and the long head of the triceps laterally. Turning round, and usually groov-
ing the axillary border of the scapula, under cover of the teres minor, it enters the infra-

spinous fossa, where it breaks up into branches which anastomose with branches of the
descending branch of the transverse cervical artery and the transverse scapular arteries.

Whilst it is in the triangular space the artery gives off an infrascapular branch which
passes into the subscapular fossa and terminates by anastomosing with the branches of

the descending branch of the transverse cervical and the transverse scapular arteries.

It gives off", in the same situation, a descending branch also, which runs downwards, to

the lower angle of the scapula, between the teres major and minor muscles, and small
l)ranches are given to the deltoid and long head of triceps.

(2) The tlioraco-dorsal continuation of the subscapular trunk accompanies the thoraco-

dorsal nerve (O.T. long subscapular) along the axillary border of the scapula to the wall

of the thorax, where it anastomoses with the lateral thoracic artery and with branches
of the intercostal arteries.

(5) Arteria Circumflexa Humeri Posterior.—The posterior circumflex artery

arises from the third part of the axillary artery and passes backwards, accompanied
by the axillary nerve, through an intermuscular cleft, the so-called quadrilateral

space, which is bounded by the teres minor and subscapularis above, the teres

major below, the long head of the triceps medially, and the humerus laterally. It

turns round the surgical neck of the humerus, under cover of the deltoid muscle,

and terminates in numerous branches which supply the deltoid. As a rule it

is an artery of large size, only slightly smaller than the subscapular.

Branches.—(") Muscular to the teres major and minor, the long and lateral heads
of the triceps, and the deltoid

; (6) An acromial branch, which ascends to the

acromion, where it anastomoses with the acromial branches of the transverse scapular

and the thoraco-acromial arteries
;

(f) A descending branch, which runs distally, along
the lateral head of the triceps, to anastomose with the profunda artery

;
{d) Articular

to the shoulder-joint
;

(e^) Nutrient to the head of the humerus
; (/) Terminal, which

supply a large portion of the deltoid, and anastomose with the anterior circumflex and
thoraco-acromial arteries.

(6) Arteria Circumflexa Humeri Anterior.—The anterior circumflex artery is

a small branch ; it is given off from the third part of the axillary close to, or

in common with, the posterior circumflex. It passes laterally, posterior to the

coraco-brachiaUs and the two heads of the biceps, round the front of the surgical

neck of the humerus, and it terminates by anastomosing with the posterior circum-

flex. At the intertubercular groove it gives a well-marked branch which accom-
panies the tendon of '•the long head of the biceps, supplying the sheath of the

tendon, and giving branches to the shoulder-joint. It also gives muscular
branches to the adjacent muscles, one of which runs distally along the tendon

of insertion of the pectoralis major.

ARTERIA BRACHIALIS.

The brachial artery is the direct continuation of the axillary. It com-
mences at the lower border of the teres major, and ends, in the cubital fossa, at

the level of the neck of the radius, by dividing into the radial and ulnar arteries.

The general course of the brachial artery is tlistally and laterally, along the

medial side of the arm; at tirst on the medial side and then in front of the

humerus. Its position and that of the axillary artery may be indicated on the

59 J
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surface, when the arm is abducted, by a Hue drawn from the middle of the clavicle

to the centre of the bend of the cIIdow.

Relations

—

Posterior.—It lies, successively, anterior to the long head of the triceps,

the radial (O.T. musculo-spiral) nerve and the profunda vessels intervening; the medial
head of the triceps ; the insertion of the coraco-

brachialis ; and the brachialis. Anterior.—It is

overlapped anteriorly by the medial border of

the biceps ; it is crossed, at the middle of the

arm, by the median nerve, and, in addition, it

is covered by deep and superficial fascia and
skin. In the cubital fossa a thickened portion

of the deep fascia, the lacertus fibrosus (O.T.

semilunar or bicipital fascia), separates it from
the median basilic vein and the volar branch of

the medial cutaneous nerve of the forearm, both
of which lie in the superficial fascia. Lateral.—
To the lateral side it is in relation, proximally,

with the median nerve, and, distally, with the

biceps. Medial.—To the medial side it is in

relation, in the proximal part of its extent, with

the basilic vein, the medial cutaneous nerveof the

forearm, the medial cutaneous nerve of the arm,

and the ulnar nerve, and in the distal part with

the median nerve. Two vense comites, a medial

and a lateral, accompany the artery, and com-

munications between these pass across the vessel.

Bkanches of the Brachial Artery.

(1) Arteria Profunda Brachii. — The
profunda artery of the arm (O.T. superior

profunda) is a large branch which arises

from the postero- medial aspect of the

brachial, soon after its commencement. It

runs distally and laterally, with the radial

(O.T. musculo-spiral) nerve, in the radial

sulcus (O.T. musculo-spiral groove), and
divides, at the back of the humerus, into

two terminal branches, anterior and posterior.

Not infrequently the division takes place

at a higher level, and the artery appears

double. The anterior terminal branch ac-

companies the radial nerve through ' the

lateral intermuscular septum, and passes

distally, between the brachio-radialis and

the brachialis, to the front of the lateral

epicondyle, where it anastomoses with the

radial recurrent artery. The posterior

terminal branch continues distally, behind

the lateral mtermuscular septum, and anas-

tomoses, posterior to the lateral epicondyle,

with the interosseous recurrent artery and with the inferior ulnar collateral artery.

Whilst they are posterior to the humerus one of the terminal branches gives

off

—

(a) a slender medial collateral twig, which descends in the substance of the

medial head of the triceps to the back of the elbow, where it anastomoses with the

inferior ulnar collateral artery; (I) a nutrient branch, which enters a foramen on

the posterior surface of the humerus ; and (c) an ascending branch, which anasto-

moses with the descending branch of the posterior circumflex artery.

(2) Muscular branches are given to the biceps, coraco-brachialis, brachialis,

triceps, and pronator teres.

Fig. 7G7.—The

Lacertu.s
fibrosus

Brachio-
radialis

BuACHiAL Artery and
Branches.

I
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(3) Nutrient.—A small artery whicii arises fioni tiie middle of the brachial and
enters the nutrient foramen on the antero-medial surface of the body of the
humerus.

(4) Arteria Collateralis Ulnaris Superior.—Th(! superior ulnar collateral artery

(O.T. inferior profunda) is smalliT than the profunda, with which it sometimes arises

by a common trunk ; usually, however, it springs from the postero-medial aspect of

the middle of the brachial artery. It runs distally and posteriorly, with the ulnar

nerve, through the medial intermuscular septum, and th(!n, passing more vertically,

reaches the back of the medial epicondyle of the humerus, where it terminates by
anastomosing with the dorsal and volar ulnar recurrent and inferior ulnar

collateral arteries.

(5) Arteria Collateralis Ulnaris Inferior.—The inferior ulnar collateral artery

(O.T. anastomotic) arises from the medial side of the brachial artery about 50 mm. (2

inches) above its termination. It runs medially, posterior to the median nerve and
anterior to the brachialis. Then it pierces the medial intermuscular septum, and
turns laterally, between the medial head of the triceps and the posterior surface of the

bone, to the lateral epicondyle. It supplies the adjacent muscles and anastomoses,

anterior to the medial epicondyle, with the volar ulnar recurrent, behind the medial
epicondyle with the dorsal ulnar recurrent and the superior ulnar collateral, at

the middle of the back of the humerus with the medial collateral branch of the

profunda, and posterior to the lateral epicondyle with the posterior terminal l)ranch

of the profunda and with the interosseous recurrent artery.

ARTERIA RADIALIS.

The radial artery (Figs. 768, 769, and 770) is the smaller of the two terminal

branches of the brachial artery, but it is the more direct continuation of the parent
trunk. It commences, in the cubital fossa, opposite the neck of the radius, and
terminates in the palm of the hand, by anastomosing with the deep branch of the

ulnar artery, and thus completing the deep volar arch (O.T. palmar).

The trunk is divisible into three parts.

The first part lies in the volar part of the forearm. It runs distally and some-
what laterally to the apex of the styloid process of the radius. The second part
curves round the lateral side of the wrist, and across the back of the os mult-
angulum majus, to reach the proximal end of the lirst interosseous space. The
third part passes volarwards, through the first interosseous space, to the palm of the

hand, where it joins the deep branch of the ulnar artery..

Relations of the First Part—Dorsal.—It passes successively across the volar

aspects of the following structures : the tendon of insertion of the biceps, the supinator,

the pronator teres, the radial portion of the flexor digitoruin sublimis, the fle.xor pollicis

longus, the pronator quadratus, and the volar ligament of the wrist-joint.

Volar.—The artery is covered supei-ficially, in the proximal half, by the volar border of

the brachio-radialis ; in the remainder of its extent it is covered only by skin and fasciae.

To the radial side are the brachio-radialis, and the superficial branch of the radial

nerve (O.T. radial nerve). The nerve lies quite near to the middle third of the artery.

To the ulnar side are the pronator teres, proximally, and the flexor carpi radialis, distally.

Two vena) comites, one on each side, accompany the artery.

Branches of the First Part.—(1) The radial reciurent arises in the cubital fossa

where it springs from the lateral side of the radial, on the volar surface of the supinator. It

runs towards the radial border of the forearm, passes between the superficial and deep divi-

sions of the radial (musculo-spiral) nerve, and then runs proximally to the lateral epicondyle

of the humerus, where it anastomoses with the anterior terminal branch of the profunda.

The radial recurrent supplies numerous muscular branches to the brachio-radialis, the

supinator, the extensor carpi radialis longus, and the extensor carpi radialis brevis.

(2) Muscular branches to the muscles on the radial side of the volar aspect of the

forearm.

(3) The superficial volar branch (Fig. 768) is a slender vessel which arises a short

distance proximal to the wrist and runs distally, across the ball of the thumb. It usually

pierces the superficial muscles of the thenar eminence, and terminates either in their

substance or by uniting with the ulnar artery and completing the superficial arch of

the palm of the hand.
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(4) A volar carpal branch passes ulnarwards, between the flexor tendons and their

synovial sheaths, and the radial attachments of the volar carpal ligaments. It anasto-

moses with the volar carpal branch of the nlnar artery to form the volar carpal arch,

and it receives communications from
the volar interosseous artery and
from the deep volar arch.

Relations of the Second
Part.—As it curves round the radial

side and the dorsum of the wrist, the

radial artery lies upon the radial

collateral ligament of the intercai'pal

joint and upon the back of the os

multangulum majus. It is crossed

by the abductor pollicis longus, the

extensor pollicis brevis, and the ex-

tensor polUcis longus ; more super-

ficially it is covered by skin, and by
fascia,which contains the cephalic vein

and some filaments of the superficial

branch of the radial nerve.

Branches' of the Second
Part— (1) Dorsales Pollicis.—Two
small arteries which run along the

borders of the dorsal aspect of the

thumb ; they supply the skin, ten-

dons, and joints, and anastomose
with the volar digital arteries.

(2) Dorsalis Indicis Radialis.

—

A slender artery which runs dis-

tally, on the ulnar head of the first

dorsal interosseous muscle and along

the dorsal aspect of the radial border

of the index-finger.

(3) and (4) The first dorsal

metacarpal and the dorsal radial

carpal arise by a common trunk

which crosses deep to the extensor

o., , . HI III! 11/ n i;i/ia, pollicis loUgUS.
Superficial volaris v\Smfi 11 nil t Mi

ai eij HIT /» WJ INI f il
^(j)

ipi^g metacarpal branch passes

distally, on the dorsal aspect of the

second dorsal interosseous muscle, and
divides, opposite the heads of the meta-
carpal bones, into two dorsal digital

branches whicli supply the adjacent

sides of the index and middle fingers.

(b) The dorsal carpal branch runs ulnar-

wards, on the dorsal carpal ligaments,

deep to the extensor tendons, to anas-

tomose with the dorsal carpal branch of

tlie ulnar artery, and to complete the

dorsal carpal arch wliich receives the

turminations of the volar and dorsal

interosseous arteries. The dorsal carpal

arcili gives off the second and third

dorsal metacarpal arteries, which run
distally, on the dorsal aspects of the

third and fourth dorsal interosseous

muscles, as far as the heads of the meta-
carpal bones, wliere each divides into

two dorsal digital brandies for the ad-

jacent sides of the third and fourth and
the fourth and fifth digits, respectively.

Eacli dorsal metacarpal artery is connected with the deep volar (palmar) ar<:h by a proximal
perforating branch which passes through the proximal part of the corresponding interosseous

space, and with a digital branch from the superficial volar (palmar) arch by a distal perforating

branch winch passes through the distal part of the space.

Itadialis indicis

ai tery

Flexor pollici-s longus-

—

Fig. 768.

—

Sui'Kkkicial Dissection of the Volak Asi-ect

OF THE Forearm and Hand, showing the radial and
ulnar arteries anrl the superficial volar arch with its

branches.



THE ULNAE ARTERY. 921

Biceps

Relations of the third part.—The tliird part of the radial artery passes volarwards,

between tlie two heads of the first dorsal interosseous muscle, to reach the palm, where it

turns ulnarwards, deep to the proximal oblique part of the adductor muscle of the thumb,
and, after passing through the i)roximal

fibres of the transverse part of the

adductor poUicis, or between the ad-

jacent borders of the oblique and trans-

verse parts of that muscle, it unites

with the deep branch of the ulnar

artery, completing the decj) volar

(palmar) arch.

Branches of the third part.—
(1) The princeps poUicis branch is

given oft' as soon as the radial artery

enters the palm. It runs distally, on

the volar aspect of the first metacarpal

bone, between the adductor and the

opponens pollicis, and under cover of the

long flexor tendon, and divides, near the

distal end of the bone, into! collateral

branches which run along tire sides of

the tluuub and anastomose with the

dorsales pollicis arteries.

(2) The arteria volaris indicis radi-

alis is a branch which runs distally

between the ulnar head of the first dorsal

interosseous muscle and the adductor of

the thumb and along the radial side of

the index-finger to its tip. It supplies

the adjacent tissues, and not uncommonly
it anastomoses with the superficial volar

(palmar) arch.

Radial
recurrent

artery

Lig. annu-
lare rad

Bracliio-

radialis

Muscular
branch of

artery

Radial artery-

Pronator teres

Flexor pollicis

longuf

Princeps
pollicis

indicis

ARTERIA ULNARIS.

The ulnar artery (Figs. 768 and
769) is the large^terminal branch,

but the less direct continuation of

the brachial artery. It commences
in the cubital_Jbssa, opposite the

neck of the radius, and terminates

in the palm of the hand, where it

anastomoses with the superficial Radiaiis

volar artery to form the superficial

volar (palmar) arch.

From its origin it runs obliquely,

distally and ulnarwards, deep to the

muscles arising from the medial
epicondyle, to the junction of the

proximal and middle thirds of the

forearm, where it comes into relation

with the ulnar nerve ; it then passes

directly distally, on the radial side of

the ulnar nerve, to the N\Tist ; crosses fio. 7t59

anterior to the main part of the

transverse carpal hgament, on the

radial side of the pisiform bone, and
enters the palm of the hand to form the

(palmar) arch.

Brachial
artery
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ulnar col-
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Uractiialis
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J
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Deep Dissection ok the Fkont ok the

FoREAR.M AND Hand, showing the radial and ulnar

arteries and their branches and the deep volar arch

and its branches.

main part of the superficial volar

Relations—Dorsal.—Proximo-distally it lies volar to the distal part of the brachialis,
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the flexor digitorum profundus, and the transverse carpal ligament (O.T. anterior

annular). Volar.—On its volar aspect it is crossed, in the oblique part of its course,

by the pronator teres, the median nerve, which is separated from the artery by the deep

head of the pronator teres, the flexor digitorum sublimis, the flexor carpi radialis, and the

palmaris longus. In the middle third of the forearm it is overlapped by the volar border

of the flexor carpi ulnaris, and in the distal third it is covered by skin and fasciae only.

A short distance proxinial to the wrist the palmar cutaneous branch of the ulnar nerve lies

volar to it, and as it crosses the transverse carpal ligament, it is bound down by a fascial

expansion from the tendon of the flexor carpi ulnaris. Two vense comites, which

frequently communicate with one another, lie one on each side of the artery. On the

radial side there is also, in its distal two-thirds, the flexor digitorum sublimis. On its

tdnar side are the flexor carpi ulnaris and the ulnar nerve.

Branches.—(1) The volar ulnar recurrent is a small branch which arises in the

cubital fossa, frequently in common with the dorsal ulnar recurrent. It passes proximally,

to the anterior aspect of the medial epicondyle, under cover of the pronator teres, and
anastomoses with branches of the superior and inferior ulnar collateral arteries.

(2) The dorsal ulnar recurrent branch, larger than the volar, arises in the cubital

fossa, from the ulnar side of the ulnar artery, and ascends, on the brachialis and under

cover of the muscles which arise from the medial epicondyle, to the posterior aspect of

that prominence, where it passes between the humeral and olecranoid heads of the flexor

carpi ulnaris, and anastomoses with the superior and inferior ulnar collateral arteries. It

gives branches to the adjacent muscles and to the elbow-joint.

(3) The common interosseous artery, a short trunk which springs from the radial

and dorsal aspect of the ulnar artery, in the distal part of the cubital fossa. It passes

dorsally, towards the proximal border of the interosseous membrane, and divides into

volar and dorsal interosseous branches.

(3a) The volar interosseous artery runs distally, on the volar surface of the

interosseous membrane, between the adjacent borders of the flexor pollicis longus and the

flexor digitorum profundus, to the proximal border of the pronator quadratus ; there it

pierces the interosseous membrane, and continues distally, first on the dorsal surface of the

membrane, deep to the extensor pollicis longus and extensor indicis proprius, and then

on the dorsal surface of the radius, in the groove for the extensor digitorum communis

;

and it terminates, on the dorsum of the carpus, by joining the dorsal carpal arch. It is

accompanied on the volar aspect of the interosseous membrane by the volar interosseous

nerve, and, after it has pierced the membrane, by the dorsal interosseous nerve. •

Branches.— (a) Nutrient to the radius and ulna
;

(b) Muscular to the adjacent miiscleB

;

(c) The volar communicating, a slender branch which passes distally, deep to the pronator

quadratus and on the volar surface of the interosseous membrane, to anastomose with the

volar carpal arch
;

(d) Small anastomotic branches are given off, on the dorsum of the forearm, to

anastomose with the dorsal interosseous artery
;

(e) The median artery (O.T comes nervi mediani)

is a long slender branch which arises from the proximal part of the volar interosseous artery and
runs with the median nerve to the palm, where it anastomoses with recurrent branches of the

superficial volar arch.

(36) The dorsal interosseous artery is usually smaller than the volar interosseous.

It passes dorsally between the proximal border of the interosseous membrane and the

oblique cord, and then between the supinator and abductor pollicis longus (O.T. ext.

OSS. met. poll.), after which it runs distally, between the superficial and deep muscles on

the dorsum of the forearm, to the wrist. At the wrist it anastomoses with the volar inter-

osseous artery and with the dorsal carpal arch. As it crosses the abductor pollicis

longus it is accompanied by the dorsal interosseous nerve, but in the remainder of its

course it is separated from the nerve by the deep muscles.

Branches.—(a) An interosseous recurrent branch is given off at the dorsal margin of the

distal border of the supinator. It runs proximally, on the dorsal surface of the supinator,

under cover of the anconeus, to the back of the lateral epicondyle of the humerus, where it

anastomoses with the posterior terndnal branch of the profunda and with branches of the

inferior ulnar collateral artery, (h) Muscular branches to both superficial and deep nmscles on
the dorsum of the forearm, (c) Cutaneous branches to the skin on the dorsum of the forearm

and the wrist.

(4) The volar carpal branch of the ulnar artery is a small branch, given off proximal

to the transverse carpal ligament; it passes towards the radial side, deep to the flexor

tendons and their sheaths, on the volar surface of the proximal attachments of the volar

radio-carpal ligament, and anastomoses with the volar carpal branch of the radial to form
the volar carpal arch.
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TriCDps

(5) The dorsal carpal branch of the uhiar artery arises from the uhiar side of the uhiar

artery, immediately proximal to the pisiform bone. It passes dorsally, deep to the ulnar

flexor and the ulnar extensor of the carpus, to the dorsum of the carpus, where it unites

with the dorsal carpal branch
,

of the radial to form the dorsal

carpal arch.

(6) Profunda. This branch

passes distal ly between the

abductor and flexor brevis

digiti quinti, and, turning to-

wards the radial side, deep to

the flexor brevis, the opponens

digiti quinti, and the long flexor

tendons and their sheaths, it

joins the termination of the

radial artery to complete the

deep volar (palmar) arch.

THE ARTERIAL ARCHES OF
THE WRIST AND HAND.

Supinatxjr-

Interosseous
recurrent

artery

Dorsal inter-

osseous artery

Flexor carpi
ulnaris

Arcus Carpeus Volaris
—The Volar Carpal Arch (Figs.

768 and 709).—The volar car-

pal arch lies on the volaraspect

of the volar carpal ligaments,

deep to the long flexor tendons
and their synovial sheaths. It

is formed by the union of the

volar carpal branches of the

radial and ulnar arteries,

and it receives the communi-
cating branch from the volar

interosseous artery and re-

current branches from the

deep volar arch. The branches
of distribution which pass

from it supply the ligaments i>orsai carpal arci

and synovial membrane of

the radio-carpal and inter-

carpal joints.

Arcus Carpeus Dorsalis.

—The Dorsal Carpal Arch.

(Fig. 770).—This arch lies

on the dorsal carpal liga-

ments deep to the extensor

tendons and their sheaths.

It is formed by the union of

the dorsal carpal branches
of the radial and ulnar
arteries, and receives the ter-

minations of the volar and
dorsal interosseous arteries.
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FlO, 770.

—

The Dorsal Interosseous Artery a.nd the SECt)ND

Part of the Radial Artery, with their Branches.Branches.—(«) Articular

to the adjacent articulations.

(h) Dorsal metacarpal, two slender branches which run distally, along the third and
fourth dorsal interosseous muscles, to the clefts of the fingers, where each divides into

dorsal digital branches. They communicate near their origins with the deep volar arch

by the proximal perforating arteries, and near their terminations with the volar digital

vessels through the distal perforating arteries. Their digital terminal branches run
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distally, on the dorso-lateral aspects of the fingers which bound the third and fourth

interosseous spaces, and they anastomose with the special volar digital branches of the

volar digital arteries.

Arcus Volaris Superficialis.— The superficial volar arch (O.T. superficial

palmar) (Fig. 768) includes the terminal portion of the ulnar artery, and is usually

completed on the radial side by the superficial volar, or by the volaris indicis

radialis or the princeps pollicis branches of the radial artery. It extends from
the ball of the little finger to the ulnar border of the superficial head of the

flexor pollicis brevis, and reaches distally to a line drawn across the palm at the

level of the distal border of the fully abducted thumb. It is accompanied by
vente comites and it is covered by the integuments and the central portion of

the palmar aponeurosis, and, on the ulnar side of the palm, by the palmaris brevis.

It is in contact dorsally with the flexor brevis and opponens digiti quinti, and
with the common digital branches of the ulnar and median nerves, as well as

with the flexor tendons and the lumbrical muscles.

Branches.—Four volar common digital arteries arise from the convexity of the arch.

The most ulnar of the four passes along the ulnar border of the little finger, accompanied
by the common digital branch of the ulnar nerve ; the other three pass distally superficial

to the common digital nerves, one along the middle of each of the ulnar three interosseous

spaces, towards the interdigital clefts, just proximal to which each common digital artery

divides into two special digital arteries which supply the contiguous sides of the fingers

bounding the cleft. As the special digital branches pass along the sides of the fingers they

lie superficial to the corresponding special digital nerves, and supply branches to the joints,

to the flexor tendons and their sheaths, and to the skin and subcutaneous tissues on the

volar surfaces of the fingers ; they give off dorsal branches also which anastomose with

the dorsal digital arteries and supply the tissues on the dorsal aspects of the second and
terminal phalanges. Some of the dorsally directed branches form a plexus in the matrix

of the nail. In the pulp of the finger-tips anastomosing twigs join to form arches from
which numerous branches are given off to the skin and subcutaneous fat.

Each of the three most radial special digital arteries is joined, immediately proximal- to

its division, by a volar metacarpal artery from the deep volar arch and a distal perforating

artery from a dorsal metacarpal artery. The most ulnar digital artery is joined by a

branch which arises either from the most ulnar volar metacarpal artery or from the deep

volar arch.

Arcus Volaris Profundus.—The deep volar arch (O.T. deep palmar) (Fig. 769)
extends from the base of the metacarpal bone of the Uttle finger to the proximal

end of the first interosseous space, and is formed by the terminal part of the radial

artery anastomosing with the profunda branch of the ulnar. It is from 12 to

18 mm. (half to three-quarters of an inch) proximal to the level of the superficial

volar arch. It lies deeply in the palm, in contact with the proximal ends of the

bodies of the metacarpal bones and on the origin of the interossei muscles, and deep

to the long flexor tendons and their synovial sheaths.

Branches.— ('-*) The proximal perforating : three small arteries which pass dorsally,

through the ulnar three interosseous spaces and between the origins of the dorsal

interosseous muscles. They anastomose on the dorsum of the hand with the dorsal meta-

carpal arteries.

{b) Small irregular recurrent branches pass proximally and unite with the volar

carpal arch.

(c) The articular to the adjacent articulations.

{d) The volar metacarpal arteries arc three vessels which pass distally, on the

interosseous muscles of the three ulnar interosseous spaces, deep to the flexor tendons.

They terminate by anastomosing with the volar digital arteries just before the latter

vessels divide into special volar digital branches.

(e) The communicating, a small irregular branch which passes ulnarwards between

the flexor tendons and the short muscles of the little finger to anastomose with the ulnar

volar digital artery.

BRANCHES OF THE DESCENDING THORACIC AORTA.

The branches given off from the thoracic portion of the descending aorta are

distributed chiefly to the walls of the thorax and to the thoracic viscera. They
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contribute also to the supply of the spinal medulla and its menihranes, and to that

of the vertel)ral column and of the upper part of the abdominal wall. The
branches, which are numerous and for the most part arranj^ed in pairs, are as

follows :

—

nhoiichial. nntercostal.

I
( Ksophageal.

Parietal -'
'"^''^'^o^tal.

I

Pericardial. '

I Superior phrenic.

[Mediastinal. [The vas aberrans.

Visceral Branches of the Descending Thoracic Aokta.

1. Arteriae Bronchiales.^The bronchial branches of the thoracic aorta are usually

two in number—an upper and a lower—and both pass to the left lung. The upper

left bronchial artery arises from the front of the aorta opposite the fifth thoracic

vertebra ; the inferior left hroncliial artei^ usually takes origin near the lower

border of the left bronchus. Both vessels are directed downwards and laterally

to the back of the bronchus which they accompany, and, dividing similarly

they follow its ramihcations in the lung. They not only supply the walls of the

bronchial tubes and the substance of the lungs, but also give branches to the

bronchial glands, the pulmonary vessels, the pericardium, and the oesophagus.

As a rule there is only one right hronchial artery. It arises either from the

first right aortic intercostal artery or from the upper left bronchial artery. More
rarely it springs directly from the aorta. In its course and distribution it corre-

sponds to the bronchial arteries of the left side.

2. Arteriae OEsophageae.—The oesophageal branches are variable ; usually four

or five small branches spring from the front of the aorta and pass forwards to the

oesophagus, in the walls of which they ramify, anastomosing above with branches
of the left bronchial and inferior th}Teoid arteries, and below with oesophageal

branches of the left gastric and the phrenic arteries.

3. The pericardial branches are three or four small irregular vessels which are

distributed on the surface of the pericardium.

4. Small mediastinal branches pass to the areolar tissue and glands in the

posterior mediastinum, and to the posterior part of the diaphragm.

Parietal Branches of the Descending Thoracic Aokta.

1. Arteriae Intercostales—The Intercostal Arteries.—There are nine pairs of

aortic intercostal arteries which usually arise separately from the back of the

aorta, but, not uncommonly, a pair may take origin by a common trunk. They
are distributed to the lower nine intercostal spaces, to the vertebral column, to

the contents of the vertebral canal, and to the muscles and skin of the back
The first three on each side give branches to the mammary gland also.

The arteries of opposite sides closely correspond, but, since the aorta, in the

thoracic region, lies on the left of the vertebral column, the right intercostal

arteries cross the front of the column, posterior to the oesophagus, the thoracic

duct, and the vena azygos, and are longer than the left arteries. In other

respects the courses of all the aortic intercostal arteries are almost identical. As
each artery runs postero-laterally, across the side of the vertebral column, to an
intercostal space, it passes posterior to the pleura, and is crossed, opposite the

head of a rib, by the sympathetic trunk. The lower arteries are crossed by the

splanchnic nerves also, and those on the left side are crossed by the hemiazygos

or accessory hemiazygos veins.

As each artery passes laterally, between the necks of two adjacent ribs, it gives off

a posterior branch. Then it ascends to the upper border of the space to which it

belongs, and, passing either behind or in front of the corresponding intercostal

nerve, is continued along the space, in the costal groove. In the space, as far as the

angle of the rib, it lies between the pleura and the posterior intercostal membrane,
and, in that part of its course, it is embedded in the endothoracic fascia. Then it is

continued forward between the internal and external intercostal muscles. In the
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costal groove the artery lies between the corresponding vein above and the inter-

costal nerve below, and it terminates anteriorly by anastomosing with an anterior

intercostal branch of the internal mammary or of the musculo-phrenic artery.

The lower two intercostal arteries, on each side, extend beyond their spaces into

the abdominal wall, and anastomose with branches of the superior epigastric, sub-

costal, and lumbar arteries. The first right aortic intercostal artery frequently

gives otf the right bronchial artery.

Branches.—(a) The posterior branch passes backwards, accompanied by the posterior

branch of a spinal nerve, medial to the anterior superior costo-transverse ligament, between

the necks of the i*ibs which bound the space, and between the adjacent transverse processes,

to the vertebral groove, Avhere it divides into a medial and a lateral cutaneous terminal

branch. The medial cutaneous branch passes backwards and medially, either over or

thx'ough the multifidus, giving branches to the muscles between which it passes and to the

vertebral column. The lateral branch runs laterally under cover of the longissimus dorsi to

the interval between it and the iliocostalis dorsi. It terminates in the skin of the back,

after giving branches to the adjacent muscles. Before it divides, each posterior branch

gives off muscular branches, and a spinal branch which passes through the corresponding

intervertebral foramen, and enters the vertebral canal, to the contents and walls of which

it is distributed. The spinal branch divides into three branches—neural, post-central,

and pre-]aminar. The neural branch divides into two branches which run medially, on

the roots of the spinal nerve ; they pierce the dura mater and arachnoid,, and divide into

branches some of which pass to the membranes of the spinal medulla, whilst others are

continued on to reinforce the posterior and anterior spinal arteries. The post-central

branch divides into ascending and descending branches which, anastomosing with similar

branches above and below, form a series of vertical arches on the backs of the bodies of

the vertebrae. The arches of opposite sides are connected by short transverse anastomoses.

The pire-laminar branch is small, and its ascending and descending branches are distributed

in a similar though less regular manner on the posterior wall of the vertebral canal.

{b) A collateral branch arises near the angle of the rib. It descends and runs

forward along the lower border of the intercostal space, to anastomose in front with an

anterior intercostal branch of the internal mammary or musculo-phrenic artery. The
collateral branches of the lower two intercostal arteries, on each side, are inconstant

;

when present they are small, and terminate in the abdominal wall.

(c) Muscular branches to the adjacent mviscles are given off both by the main trunk

and its collateral branch.

(d) A lateral cutaneous offset accompanies the lateral cutaneous branch of the inter-

costal nerve.

In addition to the secondary branches above-named, the trunk of the first aortic inter-

costal, on each side, anastomoses with the superior intercostal, and may supply the whole

or the greater part of the second intercostal space. The upper three or four aortic inter-

costal arteries, on each side, give branches to the mammary gland which anastomose with

branches of the lateral thoracic and internal mammary arteries. Longitudinal anastomoses

between adjacent trunks and also between adjacent posterior branches of intercostal

arteries sometimes exist near the necks of the ribs, or near the transverse processes. These

longitudinal anastomoses are of considerable morphological interest.

2. The subcostal arteries are the last pair of parietal branches given off from the

thoracic aorta. They are in series with the aortic intercostal arteries, but are

situated below the last ribs. Each gives off a posterior branch which behaves in

the same manner as the posterior branch of an ordinary aortic intercostal artery.

The trunk runs along the lower border of the twelfth rib in company with the

last thoracic nerve. It passes below the arcus lumbocostalis lateralis to the

abdomen, and there crosses anterior to the quadratus lumborum, and posterior to

the kidney and the adjacent part of the colon. It next pierces the aponeurosis of

origin of the transversus abdominis, and runs between the transversus and the

internal oblique muscles, anastomosing with the lower intercostal arteries, with

the lumbar arteries, and with branches of the superior epigastric artery.

o. Superior phrenic branches are given off from the lower part of the thoracic

aorta. They are small vessels which ramify on the upper and posterior surfaces of

the diaphragm, and anastomose with branches of the pericardiaco-phrenic and
musculo-phrenic arteries.
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4. The vas aberrans is a variable and inconstant branch of the thoracic aorta

;

it represents the dorsal roots of the fourth and sixth rigiit aortic arches of the

embryo. When present it arises from tlie front and right side of the upjjer part of

the descending aorta near the upper left bronchial artery, and passes upwards and
to the right belund the oesophagus ; it frequently anastomoses with the right

superior intercostal artery, and it may be enlarged and form the first part of

the right subclavian artery.

BRANCHES OF THE ABDOMINAL AORTA.

The branches of the abdominal portion of the aorta are distributed almost

entirely to the walls and contents of the abdominal cavity, but some supply

small branches to the vertebral column, and to the contents of the vertebral canul,

and others are prolonged into the pelvis minor. They are divisible into visceral

and parietal groups, both of which include paired and single (unpaired) vessels.

r Suprarenal.

Paired.-. Renal.
"

[
[inferior phrenic.

\Spermatic or ovarian. .p . , ) Paired. - Lumbar.
1/11- irarietai. ~. in .i*
La?liac axis. I^Common iliac.

Single,
"i

Superior mesenteric. (Single. Middle sacral.

Unferior mesenteric.

Visceral.

The Paiked Visceral Branches of the Abdominal Aorta.

1. Arterise Suprarenales (Fig. 773).—There are three pair8_^ suprarenal

arteries_::r-.the superior, middle, and inferior.' Df these the middle only arise

direct ly from the aortaj the superior spring from the inferior phrenic, and^ the

inlenor froiiiThe renal arteries. ~
"

The middle suprarenal arteries are two small branches which arise, posterior to

the pancreas, from the sides of the aorta, close to the origin of the superior mesen-
teric artery. They run, one on each side, laterally and upwards, upon the crura of

the diaphragm just above the renal arteries, to the suprarenal glands, to w^hich they

are distributed. They anastomose with the superior and inferior suprarenal arteries.

2. Arteriae Renales.—The renal arteries (Fig. 773) arise, one on each side,

from the aorta, about 12 mm. (half an inch) below the origin of the superior

mesenteric artery and opposite the second lumbar vertebra.

Both arteries are of large size, and the right is frequently slightly lower in

position than the left. Each artery runs almost transversely to the hiluiii of the

corresponding kidney. It passes anterior to the crus of the diaphragm and the

upper part of the psoas muscle. The left artery lies posterior to the pancreas

;

the right vessel passes behind the inferior vena cava, the head of the pancreas,

and the descending part of the duodenum. The renal vein usually lies below and
anterior to the artery, but near the kidney the vein not infrequently occupies a
posterior position.

On reaching the hilum of the kidney each artery di\ides into three branches,

two of which pass anterior to the pelvis renalis, and between it and the renal

vein, and the third posterior to the pelvis. In the renal sinus these primary
branches break up into numerous secondary branches which enter the kidney

substance between the pyramids.

Branches.—The following branches are given oflF hy each renal artery, in addition to the

terminal branches :

—

(a) Inferior suprarenal, which passes upwards to the lower part of the suprarenal gland.

(b) Ureteral—Small branches to the upper part of the ureter, which anastomose with branches

of the internal spermatic or ovarian arteries.

(c) Perinephric.—Small branches to the fatty capsule of the kidney, which anastomoee with
the lumbar arteries.

(dy Glandular offsets, either from the main trunk or from some of its branches, pass to the

lumbar lymph glands.

3. Arterise Spermaticae Internse.—The Internal spermatic arteries are present

in both sexes; in the male they are called the testicular arteries and in the
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female ovarian arteries. In each sex they are long slender vessels which spring

from the front of the aorta a short distance below the origins of the renal arteries.

3a. The Testicular Arteries.—Each testicular artery runs downwards and
forwards, on the anterior surface of the psoas major, to the abdominal inguinal ring,

where it comes into relation with the ductus deferens. It accompanies the ductus
deferens through the inguinal canal to the testis, to which it is distributed.

Relations

—

Posterior.—The right artery passes in front of the inferior vena cava,

and as each artery descends, on the anterior surface of the psoas major, it passes in front

of the corresponding genito-femoral nerve and the ureter.

Anterior.—Each artery is in relation anteriorly with the peritoneum to which it is

attached ; but crossing in front of the right artery and intervening between it and the-

peritoneum are the third or transverse part of the duodenum, the right colic and the

ileo-colic arteries, the terminal part of the superior mesenteric artery, and the caecum.

Crossing anterior to the left artery are the left colic and sigmoid branches of the

inferior mesenteric artery and the iliac colon.

In the lower part of the abdominal portion of its course each testicular artery is

accompanied by two veins, which issue from the pampiniform plexus in the inguinal

canal and enter the abdomen through the abdorninal inguinal ring, but at a higher level

the two veins usually fuse into a single stem.

As it enters the inguinal canal each testicular artery passes in front of the inferior

epigastric artery, and the lower end of the external iliac artery ; and as it runs down-
wards and medially, in the canal, it is accompanied by the ductus deferens, and is more or

less enclosed in the meshes of the pampiniform venous plexus. At the lower end of the

canal it passes through the subcutaneous inguinal ring and descends in the scrotum, lying

antero-lateral to the ductus deferens and in close association with the anterior group of

testicular veins. At the upper end of the testis it breaks up into branches, some of

which are distributed to the testis and others to the epididymis.

Branches.—In the abdominal part of its course each testicular artery gives off :

—

(a) Ureteral branches, to the abdominal part of the ureter.

(6) Peri-nephric twigs, to the peri-nephric fat.
,

(c) Peritoneal branches, which are distributed to the peritoneum.

(d) Glandular branches, which supply blood to the lumbar lymph glands.

Its terminal branches are the testicular and epididymal twigs already mentioned.

36. Ovarian Arteries.—The course and the relations of each ovarian artery, as

far as the level of the brim of the pelvis minor, are the same as the relations of

the corresponding testicular artery; but at the level of the upper end of the

external iliac artery each ovarian artery turns medially, crosses anterior to the upper
end of the corresponding external iliac artery and vein, and enters the upper part of

the broad ligament of the uterus. In the broad ligament it runs medially, below

the uterine tube, to the level of the ovary. There it turns backwards and passes

between the layers of the mesovarium, where it breaks up into terminal branches

wtuch enter the ovary through the hilum in its anterior border. As it lies in the

broad ligament each ovarian artery is accompanied by the pampiniform plexus of

ovarian veins. In the lower portion of the abdominal part of its course it is

accompanied by two veins, which issue from the pampiniform plexus at the brim
of the pelvis minor, and unite at a higher level into a single trunk.

Branches.— (a) In the abdominal part of its course the branches of the ovarian artery are

the same as those of the testicular artery.

lu the jielvic part of its course it gives off :
—

(tt) Tubal branches, to the walls of the uterine tube.

(6) Branches to the round ligament of the uterus.

(c) Uterine branches, which pass towards the uterus to anastomose with the branches of the

uterine artery.

The Unpaired ok Single Visceral Branches of the Abdominal Aorta.

1. Arteria Cceliaca.—The coeliac artery (Figs. 771 and 773) arises from the

front of the abdominal aorta, immediately below the aortic orifice of the diaphragm
and between its crura. It is a short but wide vessel which runs almost horizontally

forwards, for a disiiance of about 12 mm. (half an inch), and it terminates by dividing

into three branches—the left gastric, the hepatic, and the splenic.
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Relations.—As the short trunk hes behind tlie omental bursa it runs forwards, below

the eaudate lobe of the liver and above the upper border of the panereas and the s{)lenic

vein. It is surrounded by the cojliae plexus of the sympathetic, and has the right ca-liac

ganglion to its right side and the left cceliac ganglion to its left side.

Branches.—(a) The left gastric (O.T. coronary) is the siiuiUest branch of the

cceliac artery. It runs obliquely upwards and to the left, and reaches the

lesser curvature of the stomach close to the oesophagus. It then turns sharjtly

forwards, downwards, and to the right, and runs towards the pyloric eud of the

stomacii to anastomose with the right gastric branch of the hepatic artery. In

the first part of its course the artery lies posterior to the omental bursa ; it then

passes into the left gastro-pancreatic fold, and is continued between the layers

of the lesser omentum.

Inferior

phrenic
arteries

Sliort KSitric
/"arteries

Left «aslro-

Cystic artery^ / ^y-^.^j.^-^'^
1 \ \ \ epiploie artery

Superior jiaiicreatico- / / / I \ V Splenic artery

duodenal artery / / ( \
Left gastrie artery

Gastro-duodenal artery

Right gastro-epiploic artei-y
'

1 Hepatic artery
Rij,'ht gastric artery

Fi(i. 771.

—

The Cceliac Artery and its Branches.

Branches.— (i.) (Esophageal.—When the left gastric artery reaches tlie stomach it gives off

an oesophageal branch which passes upwards, on the oesophagus, and breaks up into branches

which anastomose witli oesophageal branches of the thoracic aorta and with branches of the

inferior phrenic, (ii.) Gastric branches are distributed to both surfaces of the stomach. They
anastomose with the short gastric branches of the splenic, and with branches of the gastro-

epiploic arterial arch on the greater curvature of the stomach.

(b) Arteria Lienalis.—The splenic artery (Fig. 771) is the largest branch of

the cceUac artery. It runs a tortuous course behind the stomach and the omental

bursa, and along the upper border of the pancreas. It lies anterior to the left

suprarenal gland and the upper end of the left kidney, and passes forwards

between the two layers of the lieno-renal ligament, in which it divides into from

five to eight terminal branches which enter the hiluni of the spleen and supply

the splenic substance. It is accompanied by the splenic vein, which lies below it.

Branches.— (i.) Pancreatic.—Numerous small bmnchesare given off to the pancreas.

A larger branch (pancreatica magna), occasionally present, enters the upper l)order of the

pancreas, about the junction of its middle and left thirds, and runs from left to right in

the substance of the pancreas, a little above and posterior to the pancreatic duct. Both

the small and large arteries supply the substance of the pancreas, and anastomose with

one another and with branches of the pancreatico-duodenal arteries.

(ii.) The short gastric branches (O.T. vasa brevia), four or five in number, are given

60
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off, either from the terminal part of the splenic artery or, more commonly, from some of

its tei-minal branches. They pass between the layers of the gastro-splenic ligament to

the left part of greater curvature of the stomach, and anastomose with the oesophageal,

the left gastric, and the left gastro-epiploic arteries.

(iii.) The left gastro-epiploic branch arises from the front of the splenic, close to its

termination, and passes forwards, between the layers of the gastro-splenic ligament, to the

left end of the lower pai't of the greater curvature of the stomach, along which it is

continued, from left to right, between the layers of the greater omentum. It ends

by anastomosing with the right gastro-epiploic artery, and it gives off numerous
gastric branches to both surfaces of the stomach ; they anastomose with the short gastric

and with branches of the left and right gastric arteries. Long slender omental branches

pass to the omentum and anastomose with branches of the colic arteries.

(c) Arteria Hepatica.—The hepatic artery (Fig. 771) rvms along the upper
border of the head of the pancreas to the right gastro- pancreatic fold of

peritoneum, in which it turns forwards to the upper border of the first part of the

duodenum. It then passes upwards, between the layers of the hepato-duodenal

ligament, anterior to the portal vein and to the left of the bile duct, and reaches

the porta hepatis, where it divides into right and left branches.

Branches.— (i.) The right gastric artery is a small branch which arises opposite the

upper border of the first part of the duodenum. It runs to the pylorus, between
the layers of the lesser omentum, and then turns to the left along the smaller

curvature of the stomach. It gives branches to both surfaces of the stomach, and
terminates by anastomosing with the left gastric artery.

(ii.) The gastro-duodenal artery.—This branch of the hepatic arises just above the

upper border of the first part of the duodenum, descends behind it and terminates opposite

its lower border. In its course it lies between the neck of the pancreas and the

first part of the duodenum, and anterior to the portal vein. The bile duct is on

its right side. The vessel ends by dividing into the right gastro-epiploic and the

superior pancreatico-duodenal arteries. The right gastro-epiploic artery is the larger

of the two terminal branches of the gastro - duodenal ; it passes from right to left,

along the greater curvature of the stomach, between the layers of the greater

omentum, and unites with the left gastro-epiploic branch of the splenic artery. From
the arterial arch so formed branches pass upwards on both surfaces of the stomach, to

anastomose with branches of the right and left gastric arteries. Other branches pass

downwards in the greater omentum, and anastomose with branches of the colic arteries.

The superior pancreatico-duodenal artery runs a short course to the right, between the

duodenum and the head of the pancreas, and divides into anterior and posterior terminal

branches, which descend, the former in front of and the latter behind the head of the

pancreas, to anastomose with similar branches of the inferior pancreatico-duodenal artery.

They supply the head of the pancreas, anastomosing in it with the pancreatic branches

of the splenic artery ; branches are given also to the second part of the duodenum and
to the bile duct.

(iii.) Terminal branches.

—

The right hepatic artery passes, either in front of or

behind the hepatic duct and behind the cystic duct, to the right end of the porta hepatis

;

there it divides into two or more branches which enter the substance of the liver and
accompany the branches of the portal vein and the hepatic duct. As it crosses above
the junction of the hepatic and cystic ducts, the right hepatic artery gives off a cystic

branch. The cystic artery runs downwards and anteriorly, along the cystic duct, to the

gall-bladder, where it divides into anterior and posterior branches ; the anterior passes

downwards between the gall-bladder and the visceral surface of the liver, to both of

which it gives offsets ; the posterior branch is distributed on the posterior surface of the

gall-bladder, between it and the peritoneum. The left hepatic artery is longer and
narrower than the right. It runs to the left end of the porta hepatis, gives one or two
branches to the caudate lobe, crosses the fossa of the umbilical vein, and breaks up
into branches which terminate in the substance of the left lobe of the liver.

2. Arteria Mesenterica Superior.—The superior mesenteric artery (Figs. 772
and 773) sj^rings from the front of the aorta, about 12 mm. (half an inch) below
the origin of the cceliac artery and opposite the first lumbar vertebra.

It passes obliquely downwards and forwards, crossing anterior to the left renal

vein, the uncinate process of the head of the pancreas, and the third or transverse
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part of the duodenum ; opposite the latter it eaters the root of the mesentery,

in which it continues to descend, curving obliquely from above downwards and to

the right, to the right iliac fossa, and crossing, in this part of its course, oblicpicly

in front of the aorta, the lower part of the inferior vena cava, the right ureter, and
the right psoas major muscle. At its origin it lies posterior to the neck (jf the

pancreas and the splenic vein ; where it passes in front of the duodenum it is crossed

MeKocolon tr;insverKUiii Colon traii8ven)uni

Iritestinuni

]. juiiuin

A. mest'iitei ica

-iiIiiTior

Aa. jejuiiales

Anterior ileo-csecal

branch
Posterior ileo-c;i > .

brail

A. appendicular:

Ileal branch

Cit-cum

Fig. 772.

—

The Supekior Mesenteric Akteuy A^D its Branches.

Note the difference iu the uiimVier and arrangement of the loops formed l>y the

jejunal branches as contrasted with the ileal branches.

anteriorly by the transverse colon ; and in the lower part of its extent it is behind

the coils of small intestine.

Branches.—It gives off numerous branches which supply the duodenum and the

paucreas in part, the whole of the small intestine below the duodenum, and the large

intestine nearly as far as the left colic flexure.

The branches are as follows :

—

(a) The intestinal branches to the small intestine, varying from ten to sixteen in

60 a
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number, are separable into two groups, jejunal and ileal ; they spring from the convexity

of the superior mesenteric artery, and pass obliquely forwards and downwards, between
the layers of the mesentery, each dividing into two branches which anastomose with

adjacent bi-anches to form a series of arcades, from which secondary branches are given

off. This process of division and union is repeated three or four times in the case of the

ileal arteries ; thus four or five tiers of arches are formed, from the most distal of which

terminal branches are given off to the walls of the jejunum and ileum. Branches from

the successive arcades are also given off to the mesenteric lymph glands. The terminal

branches anastomose together in the walls of the gut, forming a vascular network, which
communicates above with the inferior pancreatico-duodenal artery and below with the

terminal branch of the superior mesenteric trunk. The arterial loops and branches are

accompanied by cori'esponding veins, lymphatics, and nerves.

(b) The inferior pancreatico-duodenal artery. This branch arises -either from the

trunk of the superior mesenteric, at the upper border of the third part of the duodenum,
or from the first jejunal branch. It runs to the right, between the head of the

pancreas and the third part of the duodenum, and terminates by dividing into two
branches, anterior and posterior, which ascend, the former in front, and the latter behind

the head of the pancreas ; they supply the head of the pancreas, the descending and
inferior parts of the duodenum, and they anastomose with the similar branches of the

superior pancreatico-duodenal artery.

(c) The middle colic artery is a large branch which springs from the front of the

superior mesenteric as it enters the root of the mesentery. It runs downwards and
forwards, in the transverse mesocolon, and terminates by dividing into two branches,

right and left, which anastomose respectively with the right and left colic arteries,

forming arcades. Secondary and tertiary loops are sometimes formed and the terminal

branches are distributed to the walls of the transverse colon.

(d) The right colic artery springs from the right or concave side of the superior

mesenteric, either alone or in the form of a common trunk which divides into right colic

and ileo-colic branches. It runs to the right, posterior to the peritoneum on the posterior

wall of the abdomen, and in front of the right psoas major, the ureter, and the internal

spermatic vessels, towards the ascending colon, near which it divides into an

ascending and a descending branch. The former passes upwards, and anastomoses, in the

transverse mesocolon, with the middle colic artery. The latter descends to anastomose

with the upper branch of the ileo-colic, and from the loops thus formed branches are dis-

tributed to the walls of the ascending colon and the beginning of the transverse colon.

(e) The ileo-colic artery arises by a common trunk with the right colic, or separately

from the right side of the superior mesenteric, and passes downwai'ds and to the right,

behind the peritoneum, towards the lower part of the ascending colon, where it terminates

by dividing into an ascending branch which anastomoses with the lower branch of the

right colic, and a descending branch which communicates with the colic terminal

branches of the superior mesenteric trunk.

(/) Terminal.—The lower end of the superior mesenteric artery divides into five

branches—(i.) ileal, (ii.) appendicular, (iii.) anterior ileo-csecal, (iv.) posterior ileo-csecal,

and (v.) colic.

The ileal branch turns iipwards and to the left in the lowest part of the mesentery, and
anastomoses with the intestinal arteries. The appendicular branch passes behind the terminal

portion of the ileum, and through the mesentery of the vermiform process to the vermiform jirocess,

upon which it ends. The anterior ileo-csecal crosses the front of the ileo-csecal junction in a

fold of peritoneum ; the posterior ileo-csecal crosses the ileo-cajcal junction posteriorly, and the

colic runs upwards to the ascending colon. The ileo-csecal branches supply the walls of the

caecum, and, like the colic branch, anastomose with branches of the ileo-colic artery. In some
cases the majority or all of the above terminal brandies spring from the ileo-colic.

3. Arteria Mesenterica Inferior.—The inferior mesenteric artery (Fig. 773)
ari-ses from the front of the aorta towards the left side, 37 mm. above the bifurca-

tion ; it passes downwards and slightly to the left, lying posterior to the peritoneum

and anterior to the left psoas major muscle, to the upper and left border of the

left common iliac artery, where it becomes the superior hsemorrhoidal.

Branches.

—

(a) The left colic artery arises from the left side of the inferior

mesenteric near its origin, and almost immediately divides into an upper and a lower

branch. The upper branch runs upwards and to the left towards the left colic flexure, and to

the lower pole of the left kidney, where it divides into (i.)a branch which enters the transverse

mesocolon, and, turning medially, terminates by joining the left branch of the middle colic
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artery, and (ii.) a descending branch to the upper part of the descending colon. The lower
branch passes to the left, behind the peritoneum, and divides into upper and lower divisions

;

the upper anastomoses with the descending division of the upper bnuich and supplies
the lower part of the descending colon. The lower division supplies the iliac colon, and it

anastomoses with the branches of the upper division and with the branches of the sigmoid
arteries. Both branches of the left colic artery lie immediately behind the peritoneum,
and each brancli crossis anterior to the ureter and the internal spermatic vessels.

{b) The sigmoid branches, usually two in number, arise from the convexity of the
inferior mesenteric, and pass downwards and to the left to the lower part of the iliac

colon and to the pelvic colon. They lie posterior to the peritoneum, and anterior to the
psoas major, the ureter, and the upper part of the iliacus. They terminate by dividing into

branches which anastomose with the terminal twigs of the lower branch of left colic

aVjove and with branches of the superior luemorrhoidal below, forming a series of arches
fn^m whicli branches are distributed to the lower part of the iliac colon and the pelvic colon.

(f) The superior haemorrhoidal artery is the direct continuation (^f the inferior

mesenteric. It enters the mesentery of the pelvic colon, crosses the front of the left

common iliac artery, descends into the pelvis minor as far as the third piece of the sacrum,
or, in other words, the junction between the pelvic colon and the rectum, and divides

into two branches which pass downwards on the sides of the rectum. Half-way down
the rectum each of the two terminal branches of the superior luemorrhoidal artery
divides into two or more branches which pass through the muscular coats and terminate
in the submucous tissue, where they divide into numerous small branches which pass
vertically downwards, anastomosing with one another, with offsets from the middle
luemorrhoidal branches of the internal iliac arteries, the inferior htemorrhoidal branches
of the internal pudic arteries, and witli branches from the middle sacral artery.

The superior hemorrhoidal artery supplies the mucous membrane of the pelvic colon

and the rectum and the muscular coats of the pelvic colon.

Parietal Branches of the Abdominal Aorta.

1. Arteriae Phrenicae Inferiores.—The inferior plirenic arteries (Fig. 773),
right and left, are of small size ; they arise, either separately or by a common
trunk, from the aorta, immediately below the diaphragm, to which they are dis-

tributed. Diverging from its fellow, each artery runs upwards and laterally, on
the corresponding crus of the diaphragm—that on the right side passing posterior

to the inferior vena cava, that on the left side posterior to the oesophagus—and just

before reaching the central tendon of the diaphragm each divides into medial and
lateral terminal branches. The medial branch runs forwards and anastomoses
with its fellow of the opposite side, forming an arch, convex forwards, along the
anterior border of the central tendon of the diaphragm. Offsets from this arch
anastomose with the pericardiaco-phrenic, musculo-phrenic, and internal mammary
arteries. The lateral branch passes laterally towards the lower ribs, and anastomoses
with the musculo-phrenic and lower intercostal arteries.

In addition to supplying the diaphragm each inferior phrenic artery gives a

superior suprarenal branch, to the suprarenal gland of its own side, and, occasionally,

small hepatic branches which pass through the coronary Ligament to the liver.

Further, the left artery gives oesophageal branches which anastomose . with
oesophageal branches of the aorta and of the left gastric artery, whilst from the

artery of the right side minute branches pass to the inferior vena cava.

2. Arteriae Lumbales.— The lumbar arteries correspond to the intercostal

branches of the thoracic aorta. They are in series with the intercostal arteries
;

their distribution is very similar ; and, Uke the intercostals, they arise, either

separately or by common trunks, from the posterior aspect of the aorta.

There are usually four pairs of lumbar arteries, but occasionally a fiftli pair

arises from or in common with the middle sacral artery.

From their origins the lumbar arteries pass laterally and posteriorly, across the

front and sides of the bodies of the upper four lumbar vertebrae, to the intervals

between the adjacent transverse processes, beyond which they are continued into

the lateral part of the abdominal wall.

Each artery lies on the body of the corresponding lumbar vertebra. In its back-

ward course, and while still in relation with the vertebral body, it is crossed
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by the sympathetic trunk, and then, after passing medial to and being protected

by the fibrous arches from which the psoas major muscle arises, it runs behind the

muscle and the lumbar plexus. The upper two arteries, on each side, also pass

posterior to the crura of the diaphragm. Beyond the interval between the trans-

verse processes of the vertebrae each artery turns laterally and crosses the
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Fig. 773.

—

Thk Abdominal Aorta and its Buanches.

quadratus lumborum— the last usually passing anterior to, and the others

posterior to the muscle ; it then pierces the aponeurosis of origin of the trans-

versus, and proceeds forwards in the lateral abdominal wall, in the interval

between the transversus and internal oblique muscles. The lumbar arteries

anastomose with one another, with the lower intercostal and subcostal arteries, and

with branches of the superior and inferior epigastric and of the deep circumflex

iliac and iho-lumbar arteries.

Fine twigs also pass from the lumbar arteries to the extra-peritoneal lat
;
these

anastomose with corresponding branches from the inferior phrenic and iho-lumbar

arteries, and with small branches from the hepatic, renal, and colic arteries, to form

the subperitoneal plexus of Turner.
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The abdominal aorta is almost metliau in iiosition, consequently the right

lumbar arteries are scarcely longer than the left. On the right side the arteries

pass behind the inferior vena cava, the upper two arteries being separated irom

that vessel by the right crus of the diaphragm. The upper two right arteries also

pass posterior to the cisterna chyli and the lower end of the azygos vein.

Branches. Dorsal.— Each lumbar artery gives oft", opposite the interval Ijetween

tiio vt'itebnil tnuis verse processes, a dorsal brunch of considerable size. It is analogous

witii and is distributed like the posterior branch of an aortic intercostal artery (p. 925).

Muscular branches are given oft", botli from the main trunk and its dorsal branch, to

the adjacent musclQS.

3. Arteria Sacralis Media.—The middle sacral artery (Fig. 773) is a single

median vessel. It is commonly regarded as a caudal aorta and as the direct

continuation of the abdominal aorta. It is, however, of small size, and almost

invariably arises from the back of the aorta, about 12 mm. (half an inch) above

its bifurcation. It descends, anterior to the lower two lumbar vertebrae and

to the sacrum and coccyx, and ends, opposite the tip of the coccyx, by

anastomosing with the lateral sacral arteries to form a loop from which branches

pass to the coccygeal glomus. Opposite the fifth lumbar vertebra it is crossed,

anteriorly, by the left common iliac vein, below which it is covered by peritoneum

and coils of small intestine as far as the third segment of the sacrum, and in the

rest of its extent it is posterior to the rectum. It is accompanied below by

venie comites, which, however, unite, above,- to form a single middle sacral vein.

As it lies anterior to the last lumbar vertebra it gives off on each side a

lumbar branch, the arteria lumbalis ima, which is distributed like an ordinary

lumbar artery, and as it descends in front of the sacrum it distributes small

parietal branches laterally which anastomose with the lateral sacral arteries. The

parietal branches usually give off small spinal offsets which enter the anterior sacral

foramina. Small and irregular visceral branches pass to the rectum and anastomose

with the superior and middle haemorrhoidal arteries.

ARTERIA ILIAC.E COMMUNES.

4. The common iliac arteries (Figs. 773 and 774) are the terminal branches

of the abdominal aorta. They commence opposite the middle of the body of the

fourth lumbar vertebra a little to the left of the median plane. Each artery passes

downwards and laterally, across the bodies of the fourth and fifth lumbar vertebrae

and the intervening intervertebral fibro-cartilage, and it terminates, at the level

of the lumbo-sacral articulation and anterior to the corresponding sacro-iliac joint,

by dividing into external iliac and hypogastric (O.T. internal iliac) branches.

The direction of each common iliac is indicated by a line drawn from the

bifurcation of the aorta to a point midway between the symphysis pubis and the

anterior superior spine of the iHum.

The right artery is a little longer than the left ; the former being about 50 mm.
(two inches) and the latter 43 mm. (one and three-quarter inches) in length.

Relations.

—

Anterior.—Both arteries are covered anteriorly by peritoneum, and are

separated by it from coils of the small intestine. Communicating branches between the

aortic and hypogastric plexuses of the sympathetic pass in front of the arteries, each of which

is often crossed, anteriorly, near its termination by the corresponding ureter.

The left artery is crossed, in addition, by the superior hajmorrhoidal vessels.

Posterior.—Behind the artery, of each side, are the bodies of the fourth and fifth

lumbar vertebra^, and the intervening intervertebral fibro-cartilage, the sympathetic trimk,

and the psoas major muscle. These relationships, however, are much closer on the left side

than on the right. The right common iliac, except at its lower end, where it is in contact

with the psoas major, is separated from the structures named by the terminations of the

right and left common iliac veins and the commencement of the inferior vena cava. The
left common iliac, which is not so separated, lies on the medial border of the psoas major.

Somewhat deeply placed, in the areolar tissue between the psoas major and the lumbar
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vertebrPB, are the obturator nerve, the lumbo-sacral trunk, and the ilio-lumbar artery, which

form posterior relations to the common iliac artery of the corresponding side.

Lateral.—The lateral relations of each artery are coils of small intestine, and the

commencement of the inferior vena cava lies to the lateral side of the upper part of the

right artery.

Medial.—On the medial side of the right common iliac artery are the right common
iliac vein, below, and the left common iliac vein, above. The last-named vein lies on the

medial side of the left common iliac artery.

Branches.—The external iliac and the hypogastric are the only branches.

ARTERIA HYPOGASTRICA,

The hypogastric artery (O.T. internal iliac) (Figs. 773, 774, and 777) in the

ftetus is the direct continuation of the common iliac trunk. It supplies numerous
branches to the pelvis, runs upwards on the anterior abdominal wall to the

umbiUcus as the umbilical artery, and is prolonged through the umbiheal cord

to the placenta. One of its pelvic branches—the inferior glutaeal (O.T. sciatic)—is

at first the main artery of the inferior extremity, but subsequently another branch

is given off which becomes the chief arterial trunk of the lower limb. This branch

is the external iliac artery ; it soon equals and ultimately exceeds the hypogastric

in size, and it is into these two vessels that the common ihac appears to loifurcate.

When the placental circulation ceases and the umbilical cord is severed, the

umbilical part of the hypogastric trunk which extends from the pelvis minor to

the umbilicus atrophies, and is afterwards represented almost entirely by a fibrous

cord,- known as the obhterated umbilical artery. It is only at its proximal end
that the atrophied part remains pervious, and there it forms the commencement
of the superior vesical artery. The permanent hypogastric is a comparatively

short vessel. Owing to the arrangement of some of its branches it appears to

end in an anterior and a posterior division, the former of which is to be regarded

.as the continuation of the vessel, whilst the latter is simply a common stem of

origin for some of the branches.

With this explanation the artery may be described in the usual manner.

It arises from the common ihac opposite the sacro-iliac articulation and at the

level of the lumbo-sacral articulation, and descends into the pelvis minor, to

terminate, as a rule, opposite the upper border of the greater sciatic notch, in two

divisions—anterior and posterior—from each of which branches of distribution are

given off. The artery measures about 37 mm. (one and a half inches) in length.

Relations.— Anterior. — Each hypogastric artery is covered antero-medially by

peritoneum, behind which the corresponding ureter descends along the anterior border

of the artery. The pelvic colon crosses from the front to the medial side of the left

artery, and the terminal part of the ileum bears the same relation to the right artery.

Posterior to it are the hypogastric vein and the commencement of the common iliac

vein ; still more posteriorly are the lumbo-sacral trunk and the sacro-iliac joint.

Lateral.—On its lateral side the external iliac vein separates it from the psoas major

muscle, above. At a lower level the obturator nerve, embedded in a mass of fat, intervenes

between the hypogastric artery and the lateral wall of the pelvis. On its medial side

it is crossed by some of the tributaries of the hypogastric vein, and it is covered by

peritoneum.

Branches.—The hypogastric artery supplies the greater part of the pelvic

wall and contents, and its branches are distributed also to the buttock and thigh

and to the external organs of generation.

All the branches may be given off separately from a single undivided parent

trunk, but as a rule they arise in two groups corresponding to the two divisions in

which the artery, under these circumstances, appears to end.

r Ilio-lumbar

Posterior division | parietal - Lateral sacral

[Superior gluteal
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Anterior division

rObturator

parietal Inferior gluteal

I Internal pudendal
Umbilical
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In the female two additional branches are present—a uterine and a vaginal.
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Fig. 774.—HYPOLiASTRic Ahteky and its Branches in the Female.

1. Sacro-spiuous ligament.

2. Uteriue artery.

3. Vaginal artery.

4. Inferior lueniorrhoidal nerve.

5. Inferior hremorrhoiilal arterv.

6. Dorsal nerve of clitoris.

7. Internal pudendal artery.

8. Perineal nerve.

9. Superficial perineal artery.

10. Artery to the bulb of the vestibule.

Branches of the Posterior Division.

The posterior terminal division gives off the ilio-lumbar and lateral sacral

arteries, and is continued as the superior glutaeal artery.

1. Arteria Ilio-lumbalis.—The ilio-lumbar artery runs upwards and- later-

ally, across the upper margin of the pelvis minor, to the iliac fossa. It passes

anterior to the sacro-iliac articulation, between the lumbo-sacral trunk and the

obturator nerve, and posterior to either the lower part of the common or the

upper part of the external iliac vessels, and the psoas and iliacus muscles.

In the iliac fossa it divides into an iliac and a lumbar branch. The iliac branch

anastomoses with branches of the deep circumflex iliac and obturator arteries,

it gives offsets to the iliacus, and supplies a large nutrient branch to the ilium.

A lumbar branch ascends, behind the psoas major, to the crest of the ilium. It supplies

the psoas and quadratus lumborum, and anastomoses with the lumbar and deep
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circumflex iliac arteries ; it also gives off a spinal branch, which enters the inter-

vertebral foramen between the fifth lumbar vertebra and the sacrum, and is dis-

tributed like the spinal branches of the lumbar and the aortic intercostal arteries.

2. Arteriae Sacrales L'aterales.—There is sometimes only a single lateral

sacral artery on each side ; more commonly there are two, superior and inferior.

Both run downwards and medially, on the front of the sacrum. The inferior

passes anterior to the piriformis and the sacral nerves, and descends, on the lateral

side of the sympathetic trunk, to the coccyx, where it terminates by anastomosing

with the middle sacral. The superior branch reaches only as far as the first or the

second anterior sacral foramen ; then it enters the sacral canal. It anastomoses

with the lower branch and with the middle sacral artery. Branches are given off by
the lateral sacral arteries to the piriformis, and to the sacral nerves. Spinal offsets

are also given off, which pass through the anterior sacral foramina to the sacral

canal ; they supply the membranes of the spinal medulla, the roots of the sacral

nerves, and the filum terminale, and anastomose with other spinal arteries. They
then pass through the posterior sacral foramina, and anastomose on the back of the

sacrum with branches of the superior and inferior glutseal arteries.

3. Arteria Glutaea Superior—(Figs. 774 and 776).—After giving off the ilio-

lumbar and lateral sacral branches, the posterior division of the hypogastric

artery is continued as the superior gluteal artery. This is a large vessel which
pierces the pelvic fascia, and passes backwards, between the lumbo-sacral trunk and
the first sacral nerve. It leaves the pelvis through the upper part of the greater

sciatic foramen, above the piriformis muscle, and enters the buttock, where it

divides, under cover of the glutseus maximus and between the adjacent borders of

the piriformis and glutseus medius muscles, into superficial and deep branches.

(a) The superficial branch divides at once into numerous rami, some of which supply

the glutfeus maximus, whilst others pass through it, near its origin, to the overlying skin.

The branches freely anastomose with branches of the inferior gluteal, internal pudendal,

medial circumflex, deep circumflex iliac, and lateral sacral arteries.

(6) The deep terminal branch, accompanied by the superior gluteal nerve, runs forwards

between the glutseus medius and minimus, and, after giving a nutrient branch to the ilium,

subdivides into upper and lower branches. The ujjper branch, runs forwards along

the origin of the gluteeus minimus from the anterior curved line of the ilium, and
passes beyond the anterior margins of the glutseus medius and minimus to anastomose,

under cover of the tensor fasciae latse, with the ascending branch of the lateral circumflex

artery'. It anastomoses with the deep circumflex iliac artery also, and it supplies muscular

branches to the adjacent muscles. The lower branch passes more directly forwards,

across the glut&eus minimus, towards the trochanter major, along with the branch of the

superior gluteal nerve which supplies the tensor fasciae latse. It supplies the gluteal

muscles, and anastomoses with the ascending branch of the lateral circumflex artery.

Before leaving the pelvis the gluteal artery gives muscular branches to the pelvic

diaphragm and the obturator internus,- small neural branches to the roots of the sacral

plexus, and nutrient branches to the hip-bone.

Branches of the Anterior Division,

The anterior division gives off both parietal and visceral branches, and is

continued as the umbilical artery. The parietal branches are the obturator, the

internal pudendal, and the inferior gluteal. The visceral branches include the

superior and inferior vesical, and the middle hsemorrhoidal arteries in the male.

In the female the anterior division of the hypogastric artery gives off" similar

visceral branches, and, in addition, a uterine and a vaginal branch.

Visceral Branches.

1. Arteria Vesicalis Superior.—The superior vesical artery arises from the

incompletely obliterated posterior part of the umbilical artery, as it lies at the side

of the bladder. It passes medially to the upper part of, the urinary bladder and
divides into numerous branches which anastomose with the other vesical arteries,

and it also gives small branches to the urachus, and often to the lower part

of the ureter. It may in addition give off a middle vesical branch, and not
infrequently the long slender artery to the ductus deferens arises from it.
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2. Arteria Umbilicalis.—Atrophy of that portion of tliu umbilical artery

which extends from the anterior division of the liypogastric to the urnl>ilicus has

already been referred to. The atrophy is complete between the umbiUcus and
the origin of the superior vesical artery, but between' that origin and th€ apparent

ending of the hypogastric in its two divisions it is incomplete, and the lumen
of the vessel, though greatly diminished in size, remains patent. It is from

the incompletely obliterated portion that the superior vesical artery arises. The
completely obliterated part of the umbilical artery is reduced to a fibrous cord

which runs along the side of the bladder to its apex, and then ascends, on the

posterior surface of the anterior abdominal wall, to the umbilicus. In the latter

part of its course it is known as the ligamentum umbilicale laterals. As it passes

along the wall of the pelvis it is external to the peritoneum, and it is crossed by
the ductus deferens in the male, and by the round ligament in the female.

3. Arteria Vesicalis Inferior.—The inferior vesical artery runs medially, upon
the upper surface of the levator ani, to the base of the bladder. It also gives

branches to the seminal vesicles, the ductus deferens, the lower part of the ureter

and the prostate, and it anastomoses with its fellow of the opposite side, with the

other vesical arteries, and with the middle hsemorrhoidal artery.

4. Arteria Deferentialis.—The artery to the ductus deferens may arise from

either the superior vesical or tlie inferior. It is a long slender vessel which
accompanies the ductus deferens to the testis, where it anastomoses with the

testicular arterj". It also anastomoses with the external spermatic branch of the

inferior epigastric artery.

5. Arteria Haemorrhoidalis Media.—The middle haemorrhoidal artery is an
irregular branch which arises either directly from the anterior division of the

internal iliac or from the inferior vesical branch ; more rarely it springs from the

internal pudendal artery. It runs medially, and is distributed to the muscular

coats of the rectum ; it also gives branches to the prostate, the seminal vesicle,

and the ductus deferens, and it anastomoses with its fellow of the opposite side,

with the inferior vesical, and with the superior and inferior heemorrhoidal arteries.

6. Arteria Vaginalis.—The vaginal artery may arise either directly from the

anterior di\-ision of the hypogastric or from a stem common to it and the uterine

artery, and it may be represented by several branches.

It runs downw^ards and medially, on the floor of the pelvis, to the side of

the vagina, and divides into numerous branches which ramify on the anterior

and posterior walls of the passage. The corresponding branches of opposite

sides anastomose and form anterior and posterior longitudinal vessels, the so-called

azygos arteries. They also anastomose above with the cervical branches of the

uterine artery, and below with the perineal branches of the internal pudendal.

In addition to supplying the vagina, small branches are given to the bulb of

the vestibule, to the base of the bladder, and to the rectum.

7. Arteria Uterina.—The uterine artery arises from the anteriot division

of the internal iliac, either separately or in common with the vaginal or middle

hemorrhoidal arteries. It runs medially and sUghtly forwards, upon the upper

surface of the levator ani, to the lower Ijorder of the broad ligament, between the

two layers of which it passes medially, and arches above the ureter about three-

quarters of an inch from the uterus. It passes above the lateral fornix of the

vagina to the side of the neck of the uterus, and then ascends towards the fundus,

but at the level of the uterine tube it turns laterally, below the tube and between

the layers of the broad ligament, and anastomoses with the ovarian artery. It

supplies the uterus, the upper part of the vagina, the medial part of the uterine

tube, and gives branches to the round ligament of the uterus. It anastomoses

with its fellow of the opposite side, and with the vaginal, the ovarian, and the

inferior epigastric arteries, along the round ligament of the uterus.

Parietal Branches of the Anterior Division.

1. Arteria Obtnratoria.—The obturator artery (Figs. 774 and 777) runs

anteriorly and downwards along the lateral wall of the pelvis minor, just below
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its upper margin, to the obturator foramen, through the upper part of which it

passes. It terminates, immediately on entering the thigh, by dividing into anterior

and posterior terminal branches, which skirt round the margin of the obturator

foramen deep to the obturator externus muscle. It is accompanied, in the whole

of its course, by the obturator nerve and vein, the nerve being above the artery

and the vein below it.

To its lateral side is the pelvic fascia, which intervenes between it and the upper
part of the obturator internus muscle, whilst on its medial side it is covered by
peritoneum. The ureter intervenes between the posterior part of the artery and
the peritoneum. When the bladder is distended it also comes into close relation

with the lower and anterior part of the artery. In the female the ovarian vessels

and the broad ligament form the medial relations of the obturator artery.

Branches.—All the branches except the terminal are given off before the artery

leaves the pelvis. They include :

—

(a) Muscular branches to the obturator internus,

levator ani and ilio-psoas muscles. (6) A nutrient branch to the ilium, which passes

deep to the ilio-psoas muscle, supplies the bone, and anastomoses with the ilio-lunibar

artery, (c) A vesical branch or branches pass medially to the bladder beneath the

lateral false ligament, {d) A pubic branch ascends on the posterior surface of the pubis,

and anastomoses with its fellow of the opposite side and with the pubic branch of the

inferior epigastric. It is given off just before the artery leaves the pelvis, and, in its

upward course, it may pass either on the lateral or medial side of the external iliac vein,

whilst not infrequently it runs on the medial side of the femoral ring. In the latter

case it is important in relation to femoral hei-nia ; this importance is emphasised when,

as sometimes happens, the obturator artery arises as an enlarged pubic branch of

the inferior epigastric artery instead of from the hypogastric. (e) Terminal.—The
anterior terminal branch runs forwards, and the posterior backwards around the margin
of the obturator foramen. They, lie on the obturator membrane, under cover of

the obturator externus, and they anastomose together at the lower margin of the

foramen. Both give off offsets which anastomose with the medial circumflex artery,

and twigs of supply to the adjacent muscles. The posterior branch also gives an
acetabular branch to the hip-joint, which passes upwards, through the acetabular notch

on the medial side of the transverse ligament, to supply the ligamentum teres and the

head of the femur. -

2. Arteria Pudenda Interna.—The internal pudendal artery (Figs. 774
and 775) arises from the anterior division of the hypogastric, close to the origin

of the inferior glutseal artery, which slightly exceeds it in size. It runs downwards
and backwards, to the lower part of the greater sciatic foramen, lying anterior to

the piriformis muscle and the sacral plexus, from both of which it is separated by
the pelvic fascia. At the lower border of the piriformis it pierces the pelvic

fascia, passes between the piriformis and coccygeus muscles, and leaves the pelvis

to enter the buttock. It is accompanied by vense comites, the inferior gluteal

vessels and nerves, the pudendal nerve, and the nerve to the obturator internus.

In the buttock it lies on the spine of the ischium, under cover of the gluteus

maximus, and between the pudendal nerve and the nerve to the obturator in-

ternus, the former being medial to it. It next passes through the lesser sciatic

foramen and enters the jjerineum, in the anterior part of which it terminates by
dividing into the profunda artery of the penis and the dorsal artery of the penis.

In the first part of its course in the 'perineum the artery lies in the lateral

fascial wall of the ischio-rectal fossa, where it is enclosed in a canal in the fascia

(Alcock's canal). This canal, which is situated about one and a half inches above the

lower margin of the tuberosity of the ischium, contains also the pudendal veins

and the terminal parts of the pudendal nerve, viz., the dorsal nerve of the penis,

which lies above the artery, and the perineal division, which lies below the vessel.

From the ischio-rectal fossa the internal pudendal artery is continued forwards

between the two layers of the fascia of the urogenital diaphragm (O.T. triangular

ligament of the urethra), and close to the ramus of the pubis. About half-an-

inch below the arcuate ligament it turns somewhat abruptly forwards, pierces the

inferior fascia of the urogenital diaphragm, and immediately divides into its

terminal branches, viz., the profunda artery and the dorsal artery of the penis.
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The division sometimes takes place whilst the artery is still l)etwef'ii the layers

of the urogenital diaphragm.

Branches.—In the pe/vis it ^ivcs small branches to the neighbouring nuiscles and to

the roots of tlie sacral plexus.

In the huttock.— (a) Muscular branches are distributed to the adjacent muscles, {b)

Anastomotic branches unite witli brunches of the siiperior and inferior glutieal, and

medial circumHe.x arteries.

In the ischio-rectal fossa.—(c) The inferior haemorrhoidal artery pierces the wall of

the fascial canal, and nuis obliquely forwards and medially. It soon divides into two or

three main branches, which may arise separately from the pudendal ; they pass across

the space to the anal passage. The artery anastomoses in the walls of the anal passage
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—

The Perineal Distribution of the Internal Pudendal Artery in the Male.

with its fellow of the opposite side, and with the middle and superior ha?morrhoidal

arteries ; it anastomoses with the transverse perineal arteries also ; and it sn()plies

cutaneous twigs to the region of the anus, and others, which turn round the lower

border of the glutfeus maximus, to supply the lower part of the buttock.

(d) The perineal artery arises in the anterior part of the ischio-rectal fossa, pierces

the base of the fascia of the urogenital diaphragm, and divides into long slender posterim-

scrotal branches in the male, and posterior labial branches in the female. Those branches are

continued forwards, in the urethral triangle, to the scrotum or labium, deep to the super-

ficial perineal fascia. They anastomose with their fellows of the opposite side, with the

transverse perineal and the external pudendal arteries, and supply the muscles and

subcutaneous structures of the urethral triangle.

{e) The transverse perineal artery is a small branch which arises either directly from the

internal pudendal or from its perineal branch. It runs medially along the base of

the fascia of the urogenital diaphragm (O.T. triangular lig.) to the central point of

the perineum, where it anastomoses with its fellow of the opposite side, with the perineal

artery, and with the inferior hemorrhoidal arteries. It supplies the sphincter ani,

the bulbo-cavernosus or sphincter vaginir, and the anterior fibres of the levator ani.

In the urethral triangle.—(/') The artery to the bulb, a branch which is usually of

relatively large size, is given off between the fascial layei-s of the urogenital diaphragm.

It runs transvei-sely along the posterior border of the sphincter of the membranous
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urethra;, and then, turning forwards a short distance from the side of the urethra, it

pierces the inferior fascia of the urogenital diaphragm and enters the substance of the
bulb. It passes onwards in the corpus cavernosum urethras to the glans, where it

anastomoses with its fellow and -with the dorsal arteries of the penis.

It supplies the sphincter of the membranous urethrte, bulbo-urethral gland (Cowper),

the corpus cavernosum urethne, and the penile part of the urethra. In the female this

artery supplies the bulb of the vestibule.

(ff) The profunda artery of the penis (O.T. artery of the corpus cavernosum) in the

male, and of the clitoris in the female, is usually the larger of the two terminal
branches. Immediately after its origin it enters the crus penis, and runs forwards in

the corpus cavei'uosum penis, which it supplies.

(h) The dorsal artery of the penis in the male, and of the clitoris in the female,

passes forwards between the layers of the suspensory ligament, and runs along the

dorsal surface of the penis, with the dorsal nerve immediately to its lateral side, whilst it

is separated from its fellow of the opposite side by the deep dorsal vein, which lies

in the median plane. It supplies the superficial tissues on the dorsal aspect of the

penis, sends branches into the corpus cavernosum penis to anastomose with the profunda
artery of the penis, and its terminal branches enter the glans penis, where they anasto-

mose with the arteries to the bulb. It anastomoses also with the external pudendal
branches of the femoral.

3. Arteria Glutseal Inferior.—The inferior gluteal artery (O.T. sciatic), (Eigs. 774
and 776) arises from the hypogastric artery, either separately or by a common
trunk with the internal pudendal artery. It descends a little postero-lateral

to the internal pudendal vessels, pierces the pelvic fascia, runs backwards between
the first and second, or second and third sacral nerves, and, passing between the
piriformis and coccygeus muscles, leaves the pelvis through the lower part of the

greater sciatic foramen, and enters the buttock just below the piriformis. In the

buttock it descends posterior and to the medial side of the sciatic nerve deep to

the glutseus maximus, and posterior to the obturator internus, the two gemelli,

the quadratus femoris, and upper part of the adductor magnus muscles, to the
proximal part of the thigh.

Below the lower border of the glutseus maximus the artery is comparatively
superficial, and having given off its largest branches, it runs distally, as a long
slender vessel, with the posterior femoral cutaneous nerve.

Branches

—

In the pelvis.—Small and irregular branches supply the adjacent viscera

and muscles and the sacral nerves ; they anastomose with branches of the internal

pudendal and lateral sacral arteries.

In the Imttock.—(a) Muscular branches are given off to the muscles of the buttock
and to the proximal parts of the hamstring muscles. They anastomose with the internal

pudendal, medial circumflex, and obturator arteries. (6) Thie coccygeal branch' arises

immediately after the artery leaves the pelvis. It runs medially, pierces the sacro-tuberous

ligament and the glutteus maximus, and ends in the soft tissues over the posterior aspect
of the lower part of the sacrum and of the coccyx. It gives several branches to the

glutteus maximus, and anastomoses with branches of the glutaeal and lateral sacral

arteries, (c) An anastomotic branch passes laterally, superficial or deep to the sciatic

nerve, towards the greater trochanter of the femur. It anastomoses with branches of

the gluteal, internal pudendal, medial and lateral circumflex, and the first perforating

arteries, taking part in the formation of the so-called "crucial anastomosis." {d) Cutaneous
branches, accompanying twigs of the posterior cutaneous nerve of the thigh, pass round
the lower border of the glutccus maximus muscle to the integument, (e) The a. comitans
n. ischiadic! is a long slender branch which runs distally on the surface, or in the substance
of the sciatic nerve. It supplies the nerve, and anastomoses with the perforating arteries

and with the termination of the profunda femoris artery.

AETERIES OF THE INFERIOR EXTREMITY.
The main artery of each lower limb is continued from the corresponding com-

mon iliac artery. It descends as a single trunk as far as the lower border of the
popliteus, and ends there by dividing into the anterior and posterior tibial arteries.

Distinctive names are, however, applied to different parts of the artery, correspond-
ing to the several regions through which it passes. Thus in the abdomen it is
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called the external iliac artery, in the proximal two-thirds of the thigh it receives
the name of tlie femoral artery, whilst its distal })art, which is situated on the
Hexor aspect of the kuee, is termed the popliteal artery.

A. glutica superior

(ramus iirofuiidus)

A. glutifa superior

(ramus superliciali'*)"-^^^

A. glutipa inferior

A. ylutipa inferior

(ramus coccygeus

N. cutaiteus feinoris -

l)03terior

M. glutseus maximus t—
,

N. ischiadicus

M. biceps fpinoris (c«put longiim) _.!._

M. gIuta.-UB mediUM

- A. gluta-a superior

M. glutaeuH minimus

— N. glutseus suiierior

A. glutaia superior

>f. piriformis

M. obturator intemus
A. circiiniflcxa femoris
medial is (deep terminal
branch)
M. glnta?us mediiis

M. quadratus femoris

M. glutwus maxim'iis

A. circumflpxa
femoris medialis
(traiisvcrsp tpniiiiial

l>raiicli)

- A. perforaiis jirima

M. vastus lati^ralis

A. poplitea et V. poplitea

RiMUinusciiUires

M. semimembranosus

A. ppnu superior medialis -^'

M. gastrocnemius

Ramus muscularis

A. f,'enu inferior medialis

Nerve to popltteus — - -S^wi

V. saplienu i)arva

A. perfoi-aiis secuiida

M. biceps fmioris

(caput breve)

A. perforans tertia

X. ischiadicus

X. perona'iis communis

N. tibialis

A. genu suprenia lateralis

M. plantaris

A. et v., poplitea

A. genu inferior literalis

NiTve to soleus

N. peronseus communis

M. gastrocnemius (caput laterale)

Fig. 776.—The Arteries of the bunocK a.nu the Posterior Aspect ok the Thigh and Kneb.

Note.—In the specinieu tliere wtvs no anastomotic branch of the inferior gluteal artery, and the transverse

terminal branch of the medial femoral circumflex artery pierced the upper part of the adductor magnus.

ARTERL\ ILIACA EXTERNA.

The external iliac artery (Figs. 777, 778) extends from a point opposite the

sacro-iliac joint, at the level of the lumbo-sacral articulation, to a point below the
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inguinal ligament (Poupart's), midway between the anterior superior spine of the

ilium and the symphysis pubis, where it becomes the femoral artery. Its length

is about 87 to 100 mm. (three and a half to fo\ir inches), and in the adult it is

usually somewhat larger than the liypogastric artery.

It runs downwards, forwards, and laterally, along the superior aperture of

the pelvis minor, resting upon the fascia iliaca, which separates it, above, from
the medial border, and, below, from the anterior surface of the psoas major

muscle ; and it is enclosed, with its accompanying vein, in a thin fascial sheath.

Relations.—xlnterior.—It is covered in front by peritoneum, which separates it on

the left side from the iliac colon, and coils of small intestine, and on the right side from
the terminal portion of the ileum, and sometimes from the vermiform process. The
ureter, descending behind the peritoneum, sometimes crosses the front of the artery

near its origin, and in the female the ovarian vessels cross the upper part of the artery.

Near its lower end the artery is crossed anteriorly by the external spermatic branch of

the genito-femoral nerve and by the deep circumflex iliac vein. In the male this part of

the artery is crossed also by the ductus deferens, and in the female by the round ligament

of the uterus. Several iliac lymph glands lie in front and at the sides of the external

iliac artery, and almost invariably one of these is directly anterior to its termination.

Posterior.—The fascia iliaca and psoas major muscle lie behind the artery. Near its

upper end the obturator nerve and the external iliac vein are posterior to the vessel.

Lateral.—On its latex'al side is the genito-femoral nerve. Medial.—To the medial

side of its lower part is the external iliac vein.

Branches.—In addition to small branches to the psoas major muscle and to

the lymph glands, two named branches of considerable size spring from the external

iliac artery, viz., the inferior epigastric and the deep circumflex iliac.

(1) Arteria Epigastrica Inferior.—The inferior epiga,stric artery (Eigs. 774 and

777) arises, immediately above the inguinal ligament, from the front of the external

iliac. It lies in the extra-peritoneal fat, it curves forwards from its origin, turns

round the lower border of the peritoneal sac, and runs upwards and medially, along

the medial side of the abdominal inguinal ring and along the lateral border of the

medial inguinal fossa ; it then pierces the transversalis fascia, passes over the semi-

circular fold (Douglas) and enters the sheath of the rectus abdominis muscle. For a

short distance it ascends posterior to the rectus, but it soon penetrates the substance

of the muscle, and breaks up into branches which anastomose with terminal oftsets

of the superior epigastric branch of the internal mammary artery and with the

lower intercostal arteries. At the abdominal inguinal ring, in the male, the ductus

deferens, the testicular vessels, and the external spermatic branch of the genito-

femoral nerve hook round the front and lateral side of the artery, the ductus

deferens turning medially behind it ; whilst in the female the round ligament

of the uterus and the external spermatic branch of the genito-femoral nerve

occupy the corresponding positions.

Branches.

—

(a) Muscular branches supply the rectus, the pyraraidalis, the trans-

versus, and the oblique muscles of the abdominal wall, and anastomose with branches of

the deep circumflex iliac, the lumbar, and the lower intercostal arteries, (b) Cutaneous
branches, which pass from the front of the inferior epigastric, pierce the rectus abdominis
and the anterior part of its sheath, and terminate in the subcutaneous tissues of the

anterior abdominal wall, where they anastomose with corresponding branches of the

opposite side and with branches of the superficial epigastric artery, (c) The external

spermatic in the male (artery of the round ligament of the uterus in the female) is

small. It descends through the inguinal canal and anastomoses with the extei'ual

pudendal and the scrotal branches of the perineal artery, and in the male with the

internal spermatic artery also. In the male it accompanies the spermatic funiculus,

supplying its coverings, including the cremaster. In the female it runs with the round
ligament, {d) The pubic branch descends, either on the lateral or the medial side of the

femoral ring, to anastomose with the pubic branch of the obturator artery ; it anastomoses
also with its fellow of the opposite side. Sometimes, when the obturator branch of the

hypogastric artery is absent, the pubic branch of the inferior epigastric artery enlarges

and becomes the obturator artery, which descends to the obturator foramen either on
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the lateral or the medial side of the femoral riiif?. In the latter case the artery may be

injured in the operation for the relief of a strangulated femoral heriiiu.

(2) Arteria Circumflexa Ilium Profunda.—The deep circumflex iliac artery

(Figs. 774 aud 777) springs from the lateral side of the external iliac artery, usually

a liUle below the inferior epigastric, and immediately above the inguinal ligament.

It runs laterally and upwards to the anterior superior spine of the ilium. In that

part of its course it lies just above the lower border of the inguinal ligament, and

is enclosed in a fibrous canal formed by the union of the transversalis and iliac

fasciie. A little beyond the anterior superior spine it pierces the transversus
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abdominis, and is continued between the transversus and the internal oblique, to

terminate by anastomosing with branches of the ilio-lumbar artery.

Branches.

—

(a) Muscular to the upper parts of the sartorius and the tensor fasciw

latse, and to the muscles of the abdominal wall. One of the latter branches is frequently

of considerable size ; it pierces the transversus muscle a short distance anterior to the

anterior superior spine of the ilium, and ascends vertically, between the transversus and

the internal oblique, anastomosing with the lumbar and the epigastric arteries. (6)

Cutaneous branches pierce the muscles. They terminate in the skin over the crest of the

ilium, and they anastomose with the superior gluta^al, the superficial circumflex iliac, and

the ilio-lumbar arteries.

ARTERIA FEMORA LIS.

The femoral artery (Figs. 778 and 779) is the continuation of the external

iUac into the thigh. It commences at the lower border of the inguinal ligament

61
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(O.T. Poupart's), passes through the proximal two-thirds of the thigh, and

terminates at the opening in the addvictor magnus. At one time it was customary

to speak of the first one and a half inches, as far as the origin of the profunda
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^Thb Femoral Arterv and its Brancuks.
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branch, as the common femoral, and to say that it divided into the superficial

and deep femoral branches, of which the former was the direct contmuation ot

the common trunk. The morphology and development of the vessel gives no

support for such terminology.
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Course.—Its general direction is indicated by a line drawn from the point of

origin, midway l)etween the anterior superior spine of the ilium and the symphysis
pubis, to the atUIuclor tubercle, the thigh being llexetl, abducted, and rotated laterally.

In its proximal half the femoral artery lies in the I'emoral trigone (O.T. Scarpa's

triangle), and is comparatively superhcial ; at the apex of the trigone it passes

deep to the sartorius, enters the > adductor canal (Hunter's), and is thus more
deeply placed.

At their entry into the femoral trigone both the artery and its vein are

enclosed, for a distance of 31 mm. (one and a quarter inches), in a funnel-shaped
fascial sheath formed of the fascia transversalis anteriorly and the fascia iliaca

posteriorly. Thia is called the femoral sheath ; it is- divided, by antero-posterior

septa, into three compartments, of which the lateral is occupied by the femoral

artery and kimbo-inguinal branch of the genito-femoral nerve ; the intermediate
compartment contains the femoral vein

;
and the medial compartment constitutes

the femoral canal.

Relations.

—

Anterior.—In the femoral trigone the femoral artery is covered super-

ficially by skin and fascite, by superficial sub-inguinal lymph glands and small superficial

vessels. The anterior part of the femoral sheath and the fascia cribrosa are in front

of the proximal part of the artery, and the fascia lata is in front of the distal part. Near
the apex of the triangle the artery is crossed by the medial cutaneous nerve, and not
infrequently by a tributary of the great saphenous vein. Posterior.— It is in relation,

posteriorly, proximo-distally, with the posterior part of the femoral sheath, the pubic or

pectineal portion of the fascia lata and the psoas major, the pectineus, and the proximal
part of the adductor longus muscles. The nerve to the pectineus passes between the
artery and the psoas major ; the femoral vein and the profunda artery and vein intervene
between it and the pectineus, and the femoral vein also separates it from the adductor
longus.

The femoral vein, which lies on a plane posterior to the artery in the lower part of

the femoral trigone, passes to its medial side above, where it is separated from the artery

by the lateral septum of the femoral sheath. On the lateral side of the artery is the
femoral nerve (O.T. anterior crural) proximally ; more distally the saphenous nerve and
the nerve to the vastus medialis are continued on the lateral side. The lumbo-inguinal
branch of the genito-femoral nerve is anterior and to the lateral side, proximally, as it

runs for a short distance in the femoral sheath.

In the adductor canal the artery has posterior to it the adductor longus and the
adductor magnus, whilst anterior and to the lateral side is the vastus medialis. The
femoral vein is also posterior to the artery, but lies to its lateral side distally and to

its medial side proximally. Anterior to the artery is the fascial roof of the canal, with
the obturator or sub-sartorial plexus of nerves and the sartorius muscle. The saphenous
nerve enters the adductor canal with the artery, and runs first on its lateral side, then
anterior, and lastly on its medial side.

Branches.—The femoral artery gives off the following branches :

—

(1) Superficial branches.

(a) The superficial circumflex iliac.

(i) The superficial epigastric.

(c) The superficial external pudendal.

(2) Muscular.

(3) The deep external pudendal.

(4) The profunda.

(5) The arteria genu suprema.

(a) Arteria Circiunflexa Ilium Superflcialis. The superficial circimiflex iliac

springs from the front of the femoral artery, just below the inguinal ligament.

It pierces the femoral sheath and the fascia lata, lateral to the fossa ovalis (O.T.

saphenous opening), and runs, in the superficial fascia, as far as the anterior

superior spine of the ilium. It supplies the lateral set of sub-inguinal glands and the

skin of the groin, and it sends branches, through the fascia lata, which anastomose
with branches of the deep circumflex iliac artery, and supply the upper parts

of the sartorius and tensor fasciae latje muscles.

(ft) Arteria Epigastrica Superflcialis.—The superficial epigastric artery arises

near the preceding. It pierces the femoral sheath and the fascia cribrosa,
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and passes upwards and medially, between the superficial and deep layers of the

superficial fascia of the abdominal wall, towards the umbilicus. It supplies the

sub-inguinal glands and the integument, and anastomoses with its fellow of the

opposite side, with the inferior epigastric, and with the superficial circumflex

iliac and superficial external pudendal arteries.

(c) Arteria Pudenda Externa Superficialis.—The superficial external pudendal

artery also springs from the front of the femoral artery, and, after piercing the

femoral sheatli and the fascia cribrosa, runs upwards and medially towards the
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Fig. 779.

—

The Femoral Vessels in Femoral Trigone.

pubic tubercle, where it crosses superficial to the spermatic cord and divides

into terminal anterior sci'otal or labial branches according to the sex. It supplies

the integument of the lower part of the abdominal wall, the root of the dorsum of

the penis in the male, and the region of the mons Veneris in the female, and it

anastomoses with its fellow of the opposite side, witli the deep external pudendal,

with the dorsal artery of the penis, and with the superficial epigastric artery.

(2) Rami Musculares.—The muscular branches are distributed to the pectineus

and the adductor muscles on the medial side, and to the sartorius and the vastus

medialis on the lateral side.

(3) Arteria Pudenda Externa Profunda.—The deep external pudendal artery-

arises from the medial side of the femoral. It runs medially, anterior to the

pectineus, and either anterior or posterior to the adductor longus, to the medial
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side of the thigh ; it then pierces the deep fascia, and terminates in the scrotum,

where it anastomoses with the posterior scrotal })ranches of the perineal and the

anterior scrotal branches of the superficial external pudendal arteries, and with

the external spermatic branch of the inferior epigastric artery. In the female it

terminates in the labium luajus.

(4) Arteria Profunda Femoris.—The profunda artery (Fig. 778) is the largest

branch of the femoral artery. It arises aljout 37 nim. (an inch and a half) distal

to the inguinal ligament, from the lateral side of the femoral artery. It curves

backwards and medially, passes posterior to the femoral artery, and runs distally,

close to the medial aspect of the femur, to the distal third of the thigh, where

it perforates the adductor magnus and passes to the back of the thigh. Its

termination is known as the fourth perforating arterji. As the profunda descends

it lies anterior to the iliacus, the pectineus, the adductor brevis, and the adductor

magnus. It is separated from the femoral artery by its own vein, by the femoral

vein, and by the adductor longus muscle.

Branches.—(«) Muscular branches are givep off from the profunda, both in the

femoral trigone and whilst it lies between tlie adductor muscles ; many of them terminate

in the adductors, others pass through the adductor magnus, and terminate in the

hamstrings, where they anastomose with the transverse branch of the medial circumflex

and with the proximal muscular branches of the popliteal artery.

{b) The lateral circumflex artery (Figs. 778 and 779) springs from the lateral side of

the profunda, or occasionally from the femoral artery proximal to the origin of the profunda.

It runs laterally, anterior to the iliacus and between the superficial and deep branches of

the femoral nerve, to the lateral border of the femoral trigone ; then, passing posterior to

the sartorius and the rectus femoris, it terminates by dividing into three terminal branches

—the ascending, the transverse, and the descending. Before its termination it supplies

branches to the muscles mentioned and to the proximal part of the vastus intermedius.

(i.) The ascending terminal branch, rmis proximally and laterally, posterior to the rectus

femoris and the tensor fasciae latae, along the linea intertrochanterica, to the anterior borders

of the glutaei, mediiis and miniiuus, between which it passes to anastomose with the deep

branches of the superior glutaeal artery. It supplies twigs to the neighbouring muscles, anasto-

moses with the glutaeal, the deep circumflex iliac, and the transverse branch of the lateral

circumflex arteries, and, as it ascends along the linea intertrochanterica, it gives off a branch
which passes, between the two limbs of the ilio-femoral ligament, into the hip-joint, (ii.) The
transverse terminal branch is small ; it runs laterally, between the vastus intermedius and the

rectus femoris, passes into the substance of the vastus lateralis, winds round the femur, and
anastomoses with the ascending and descending branches, with the perforating branches of the

profunda, and with the 'inferior glutaeal and medial circumflex arteries, (iii.) The descending

terminal branch runs distally, posterior to the rectus and along the anterior border of the vastus

lateralis, accompanied by the nerve to the latter muscle. It anastomoses with the transverse

branch, with twigs of the inferior perforating arteries, with the arteria genu suprema of the

femoral, and with the superior lateral genicular branch of the popliteal artery.

(c) The medial circiunflex artery springs from the medial and posterior part of

the profunda, at the same level as the lateral circumflex, and runs backwards, through

the floor of the femoral trigone, passing between the psoas major and the pectineus

;

then it crosses the upper border of the adductor brevis, and continuing backwards, below the

neck of the femur, it passes between the adjacent borders of the obturator externus and the

adductor brevis to the upper border of the adductor magnus, where it divides into two

terminal branches, a transverse and a profunda branch (O.T. ascending).

Branches.—(i.) An acetabular branch is given off as the artery passes below the neck of

the fenmr. It ascends to the acetabular notch where it anastomoses with twigs from the

posterior branch of the obturator arterv, and it sends branches into the acetalnilar fossa and

along the ligamentum teres to the head of the femur, (ii.) A superficial branch, which passes

medially, anterior to the pectineus and between the adductors brevis and longus. (iiL) Muscular

branches are given off to the neighbouring nuiscles. The largest of these branches usually arises

immediately before the termination of the artery ; it runs distally, on the anterior aspect of the

adductor magnus, and anastomoses with the muscular branches of the profunda artery, (iv.) The
profunda terminal branch (ascending) passes upwards and laterally, between the obturator

externus and the quadratus femoris to the trochanteric fossa of the femur, where it anastomoses

with branches of the superior and inferior glutaeal arteries, (v.) The transverse terminal branch
runs backwards to the hamstring muscles, usually between the lower border of the quadratus

femoris and the upper border of the adductor magnus, but it may pierce the upper part of the
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adductor maguus. It anastomoses, in front of the distal part of the glutseus maximus, with
the inferior glutaeal and first perforating arteries and with the transverse branch of the lateral

circumflex, and, in the substance of the hamstrings, with the muscular branches of the profunda.

(d) The perforating arteries (Fig. 780), including the terminal branch of the profunda,

are four in number.
They curve postero-

laterally, round the

posterior aspect of

the femur, lying close

to the bone and an-

terior to the well-

marked tendinous

arches which inter-

rupt the continuity

of muscular attach-

ments ; their ter-

minal branches enter

the vastus lateralis

and anastomose, in

its substance, with

one another, with

the descending
branch of the lateral

circumflex, with the

arteria genu sup-

rema, and with the

superior lateral geni-

cular branch of the

popliteal.

The first perforat-

ing artery pierces the

insertions of the ad-

ductors brevis and
magnus, and some of

its branches anasto-

mose, anterior to the

glutseus maximus,
with the inferior

glutaeal, with the
transverse branch of

the medial circumflex,

and with the trans-

verse branch of the

lateral circumflex,

forming what is

known as the crucial

anastomosis.

The second perfor-

ating artery pierces

the adductors brevis

and magnus, and then
passes between the

glutceus maximus and
the short head of the

biceps femoris into the

vastus lateralis. It

anastomoses with its

proximal and distal

fellows, and with the

medial circumflex and
the proximal muscular
branches of the pop-
liteal artery.

The third and fourth perforating arteries i>ass through the adductor magnus and the short

head of the biceps femori.s into the vastus lateralis. Their anastomoses are similar to those of

the second perforating.

A nutrient branch to the femui' is given off either from the second or third perforating
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artery, usually the former ; an additional nutrient Vmancli may also be supplied by the first or
fourth perforating arterie.s.

(5) The arteria genu suprema (O.T. anastomotic) arises near the termiuation

of the femoral artery, in the distul part of the adductor canal, and divides, almost
immediately, into a superticial, saphenous, and a deej; (musculo-artieular) branch

;

indeed, very fretjuently the two branches arise separately from the femoral trunk.

(a) The saphenous branch passes through the distal end of the adductor canal with

the saphenous nerve, and appears superficially, on the medial side of the knee, between

the gracilis and the sartorius. It gives twigs to the integument of the j>roxinial and
medial part of tlio log, and it anastomoses with the inferior medial genicular artery.

{/>) The musculo-artieular branch rims towards the knee, in the substance of the vastus

medialis, along the anterior aspect of the tendon of the adductor magnus. It anastomoses

with the superior medial genicular artery, and it sends branches laterally, one on the

surface of the femur and another along the proximal border of the patella, to anastomose

with the descending branch of the lateral circumflex, the fourth perforating artery, the

superior lateral genicular, and the anterior tibial recurrent.

ARTERIA POPLITEA.

The popliteal artery is the direct continuation of the femoral. It commences
at the medial and proximal side of the popliteal fossa, under cover of the semi-

membranosus, and terminates at the distal border of the popliteus muscle, and on
a level with the distal part of the tuberosity of the tibia, by dividing into the

anterior and the posterior tibial arteries.

From its origin the artery passes distally, with a lateral inclination, to the

interspace between the condyles of the femur, whence it is continued vertically to

its termination.

Relations.— Anterior.— It is in contact in front and proximo-distally with the

popliteal surface of the femur, the posterior part of the capsule of the knee-joint, and the

fascia covering the posterior surface of the popliteus.

Posterior.—The artery is overlapped behind, in the proximal part of its exteut, by the

lateral border of the semimembranosus ; it is crossed, about its middle, by the popliteal

vein and the tibial (O.T. internal popliteal) nerve, the vein intervening between the

artery and the nerve ; whilst, in the distal part of its extent, it is overlapped by the •

adjacent borders of the two heads of the gastrocnemius, and is crossed by the nerves

to the soleus and popliteus and by the plantaris muscle.

Lateral.—On its lateral side it is in relation, proximally, with the tibial nerve and the

popliteal vein, then with the lateral condyle of the femur, and, distally, with the lateral

head of the gastrocnemius and the plantaris.

Medial.— On the medial side it is in relation, proximally, with the semimembranosus, in

the middle with the medial condyle of the femur, and, distally, with the tibial nerve, the

popliteal vein, and the medial head of the gastrocnemius. Popliteal lymph glands are

arranged irregularly ai'ound the artery.

Branches.—(1) Muscular branches are given oft' in two sets, proximal and distal.

The proxiuuil muscular branches are distributed to the distal parts of the hamstring

tnuscles, in which they anastomose with branches of the profunda artery.

The distal muscular, or sural, arteries enter the proximal parts of the gastrocnemius,

the plantaris, the soleus, and the popliteus muscles, and they anastomose with branches

of the postei'ior tibial artery and the lower genicular arteries.

(2) The genicular branches are five in number—viz., superior <md inferior lateral,

superior and inferior medial, and a median branch.

(a) The superior lateral genicular artery passes laterally, proximal to the lateral

condyle, behind the femur and in front of the biceps tendon, into the vastus lateralis,

where it anastomoses with the arteria genu suprema, the descending branch of the lateral

circumflex, and the fourth perforating artery ; it also sends branches distally to anastomose

with the inferi(n- lateral genicular and with the anterior tibial recurrent.

(ft) The superior medial genicular artery passes medially, proximal to the medial

condyle, behind the femur, and anterior to the tendon of the adductor magnus, into the

vastus medialis. It anastomoses with branches of the arteria genu suprema and of the

superior lateral genicular artery.

61a
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(c) The inferior lateral genicular artery runs laterally, across the popliteus muscle

and anterior to the plantaris and the lateral head of the gastrocnemius ; then, turning

forwards, it is joined by the inferior lateral genicular nerve, and passes to the medial side

of the fibular collateral ligament.

It terminates by anastomosing
with its fellow of the opposite

side and with the superior lateral

genicular and anterior tibial re-

current arteries.

{d) The inferior medial geni-

cular artery passes medially,

distal to the medial condyle

of the tibia, along the proximal

border of the popliteus and in

front of the medial head of the

gastrocnemius, to the medial side

of the knee, where it turns

forwards, between the bone and
the tibial collateral ligament, and
terminates anteriorly by anasto-

mosing with its fellow of the

opposite side, with the recurrent

branch of the anterior tibial

arteiy, and with the superior

medial genicular artei'y.

(e) The arteria genu media
passes directly forwards from the

front of the popliteal artery,

pierces the central part of the

posterior surface of the capsule

of the knee-joint, and enters the

intercondylar fossa. It supplies

branches to the crucial ligaments

and to the synovial membrane,
and is accompanied by the medial

genicular branch of the tibial

nerve, and sometimes by the

genicular branch of the obturator

nerve.

(3) Cutaneous branches are

distributed to the skin over the

popliteal fossa. One of these,

the superficial sural artery, runs

along the middle of the back of

the calf with the vena saphena
parva.
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Thk Popliteal and Posteriok Tibial Aktk«ie.s

AND THEIR Branches.

The posterior tibial

artery, the larger of the two
terminal branches of the pop-

liteal, commences at the distal

border of the popliteus and
terminates midway between the tip of the medial malleolus and the most pro-

minent part of the heel, at the distal border of the lachiiate ligament (O.T. internal

annular). It ends by dividing into the medial and the lateral plantar arteries,

which pass onwards to the sole of the foot.

The posterior tibial artery runs distally and medially, in the posterior part of

the leg, between the superficial and deep layers of muscles and covered, posteriorly,

by the deep intermuscular fascia which intervenes between them.
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Relations.—Atiti-rior.— It is in contact anteriorly, and pro.xinjo-clistally, with the
tibialis posterior, the flexor dijj;itoruni lon«j;ns, the posterior surface of the tibia, and the
posterior ligament of the ankle-joint.

Posterior.—The artery is crossed about 37 mm. (an inch and a half) distal to its origin
by the tibial nerve. Elsewhere it is in contact with the intermuscular fascia which
binds down the deep layer of muscles. More superficially the proximal half of the artery
is covered by the fleshy parts of the soleus and gastrocnemius nmsclos, between which is

the plantaris ; the distal half of the artery is much nearer the surface, and is covered
only by skin and fasciae, except at its termination, where it lies deep to the laciniate

ligament.

Lateral and Medial.—The artery is accompanied by two vena; comitcs, one on each side.

The tibial nerve lies at first on the medial side of the vessel, then crosses posterior to it,

and is continued distally on its lateral side. In the most distal part of its course the artery
is separated from the medial malleolus by the tendons of the tibialis posterior and the flexor

digitorum longus, whilst the tendon of the flexor hallucis longus lies postero- lateral to it.

Branches.—The posterior tibial gives off" numerous branches, the largest of which,
the peroneal, forms one of the chief arteries of the leg. The branches include

—

(1) Large muscular branches which are distributed to the soleus, the tibialis

posterior, the flexor digitorum longus, and the flexor hallucis longus. They anastomose
with the deep sural l)ranches of the popliteal artery and the lower medial genicular artery.

(2) A fibular branch passes laterally, to the neck of the fibula, where it anastomoses
with the inferior lateral genicular and the deep sural arteries, and supplies the adjacent
muscles.

(3) The peroneal artery (Fig. 781) is the largest branch of the posterior tibial. It

arises about 25 nnii. (an inch) below the distal border of the popliteus, curves laterally

across the proximal part of the tibialis posterior to the medial crest of the fibula,

along which it passes to the distal part of the interosseous space. About 25 mm. (an
inch) proximal to the ankle-joint it gives off" a perforating branch and then passes,

posterior to the tibio-fibular syndesmosis and lateral malleolus, to the lateral side of

the heel and the foot. It supplies the ankle, the tibio-fibular syndesmosis, and the
talo-calcanean joint, and anastomoses with the medial calcanean branch of the lateral

plantar artery, and with the tarsal and arcuate branches of the dorsalis jjedis.

As the peroneal artery passes laterally from its origin it lies posterior to the tibialis

posterior, and is covered posteriorly by the deep intermuscular fascia and by the soleus.

As it descends along the medial crest of the fibula it lies in a fibrous canal

between the tibialis posterior in front and the flexor hallucis longus behind. The
peroneal artery is accompanied by two vense comites, and is crossed anteriorly and
posteriorly by coniniunicating branches between them.

Branches.— {a) Muscular branches are distributed to the soleus, tibialis posterior, flexor

hallucis longus, and the peroneal nuiscles. Some pass through the interosseous membrane and
supply the anterior muscles of the leg.

(6) A nutrient branch onters the nutrient foramen of the fibula.

(c) A communicating branch passes across the back of the distal end of the shaft of the tibia,

about 25 mm. (an inch) above the tibio-fibular syndesmosis, to anastomose with the posterior

tibial artery.

{d) The perforating branch passes forwards at the junction of the distal boi-der of the inter-

osseous nieuibrane and the interosseous tibio-fibular ligament, and runs, in front of the ankle,

to the dorsum of the foot, where it anastomoses with the lateral malleolar branch of the anterior

tibial artery and with the tarsal branch of the dorsalis pedis ; it also supplies branches to the
tibio-fibvdar syndesmosis, to the ankle-joint, and to the peronaius tertius.

(4) The nutrient branch, the largest of the nutrient group of arteries to long

bones, springs from the proximal part of the posterior tibial, pierces the tibialis

posterior, and enters the nutrient foramen on the posterior surface of the tibia. In the

interior of the bone it divides into proximal and distal branches, the former passing

towards the proximal extremity of the bone, and the latter towards the distal extremity.

Before entering the tibia the nutrient artery gives small muscular branches.

(5) A communicating branch unites the posterior tibial to the peroneal artery

about 25 mm. (an inch) above the tibio-fibular syndesmosis. It passes posterior to the

shaft of the tilna and anterior to the flexor hallucis longus.

(6) Cutaneotis branches are distributed to the skin of the medial and posterior part

of the leg.

(7) A posterior medial malleolar branch is distributed to the medial surface of the

medial malleolus, anastomosing with a corresponding branch of the anterior tibial arter}'.
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Plantar Arteries.

(8) The medial and lateral plantar arteries are the terminal branches of the

posterior tibial artery. They arise, under cover of the origin of the ligamentum
laciniatum, midway between the tip of the medial malleolus and the most
prominent part of the medial side of the os calcis (Figs. 781, 782).

Arteria Plantaris Medialis.—Tiie medial plantar artery is the smaller of the

two terminal branches of the posterior tibial artery. It passes forwards, along the

medial side of the foofc,

in the interval between
the abductor hallucis and
the flexor digitorum
brevis, to the head of the

first metatarsal bone,

where it terminates by
uniting with the plantar

digital branch of the

dorsalis pedis, which is

distributed to the medial
side of the great toe. In
its course forwards it

gives off a superficial

branch, which ramifies

on the superficial sur-

face of the abductor hal-

lucis ; branches to the

adjacent muscles and
articulations, and to the

subjacent skin ; it also

gives three digital

brandies which anasto-

mose, at the roots of the

three medial interdigital

clefts, with the medial
plantar metatarsal
arteries. Some of the

cutaneous branches of

the medial plantar artery

anastomose, round the

medial border of the foot,

with the medial cutane-

ous branches of the

dorsalis pedis artery.

Arteria Plantaris

Lateralis.— The lateral

plantar artery is the

larger of the two terminal

branches of the posterior tibial artery. It runs forwards and laterally, first between
the flexor digitorum brevis superficially and the quadratus plantar deeply, and
then, in the interval between the flexor digitorum brevis and the abductor digiti

quinti, to the medial side of the base of the fifth metatarsal bone, where it turns

abrujjtly medially and, gaining a deeper plane, passes across the bases of the

metatarsal bones and the origins of the interossei, and above the oblique head
of the adductor of the great toe, to the lateral side of the base of the first meta-
tarsal bone, where it terminates by anastomosing with the dorsalis pedis artery.

The last part of the artery is convex forwards and forms the plantar arch, which
is completed by the profunda branch of the dorsalis pedis.

Branches.— Between its origin and the base of the fifth metatarsal the lateral
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The Plantar Arteries and their Branches.
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plantar artery gives otf (a) the medial calcaneal! branch, which is distributed to the skin

and the .suhcutancous tissue of the heel.

{{j) Muscular branches to the abductor hallucis, flexor digitoruni brevis, quadratus
plantic, and aluluctor di^^iti (juinti.

(c) Cutaneous branches to .the skin of the lateral side of the foot.

Between the base of the Kfth metatarsal bone and the first interosseous space it forms
the plantar arch, and jjjives off ((/) four plantar metatarsal branches ; (e) three

posterior perforating arteries to the dorsal metatarsal arteries ; and (/) articular branches
to the tar.sal joints.

The fifth or most lateral metatarsal branch runs along the lateral side of the little

toe, supplying the skin, joints, and the flexor tendons witii their synovial sheaths. The
three medial plantar metatarsal branches, second, third, and fourth, run forwards on the

plantar surfaces of the interossei, the medial two lying dorsal to the oblique head of

the adductor of the great toe, and all three passing dorsal to the transverse head of the

adductor. At the bases of the interdigital clefts the second, third, and fourth plantar

metatarsal arteries divide into plantar digital arteries which run along the plantar aspects

of adjacent toes, and supply skin, joints, and the flexqr tendons and sheaths. Opposite

the last phalanx of each toe the digital arteries of opposite sides of the toe anastomo.se

together.

The posterior perforating arteries are three in number ; they pass dorsalwards through

the three lateral intermetatarsal spaces, between the heads of the dorsal interosseous

muscles, and terminate by uniting with the corresponding dorsal metatarsal arteries.

Anterior perforating branches which communicate with the dorsal metatarsal arteries are

given off from two or three of the plantar metatarsal arteries just before they divide.

The articular branches are numerous and irregular ; they supply the joints and

ligaments of the tarsus on its plantar aspect.

vt .

Arteria Tibialis Anterior. n^'" '^

The anterior tibial artery, the smaller of the two terminal divisions oV
the popliteal, commences opposite the distal border of the popliteus muscle, and
terminates in front of the ankle, where it is continued into the dorsal artery of

the foot.

Course and Relations.—From its origin, at the back of the leg, the artery

passes anteriorly, between the two slips of the proximal part of the tibialis

posterior and above the proximal border of the interosseous membrane. It then

runs distally, resting, in the proximal two-thirds of its course, against the anterior

surface of the interosseous membrane and, subsequently, on the distal part of the

tibia and the anterior ligament of the ankle-joint. In the proximal third of the

anterior compartment of the leg it lies between the extensor digitorum longus

laterally and the tibialis anterior medially ; in the middle third it is between

the extensor hallucis longus and the tibialis anterior ; in the distal third the

extensor hallucis longus crosses in front of the artery and reaches its medial

side, and the most distal part of the vessel lies between the tendon of the extensor

hallucis longus on the medial side and the most medial tendon of the extensor

digitorum longus on the lateral side.

The deep peronpeal nerve (O.T. anterior tibial) is at first well to the lateral side

of the artery, but it soon passes in front of the vessel, and it lies in front of the

middle third of the artery ; more distally the nerve is usually found on the

lateral side again, and at the ankle it intervenes between the artery and the most

medial tendon of the extensor digitorum longus.

Two vense comites, with numerous intercommunications, accompany the artery.

Obviously the anterior tibial artery is, at least in its proximal part, deeply placed;

moreover, its lateral muscular boundaries overlap it. In the distal two-thirds of

its extent it is, however, easily accessilile from the surface ; and beyond being

covered by the nerve and crossed by the tendon, as already described, is only

covered, in addition, by skin, fascia, and the transverse crural ligament.

Branches.—Close to its origin the artery gives off fibular and posterior tibial

recurrent branches ; after it reaches the front of the leg it gives off anterior tibial

recurrent, muscular, cutaneous, medial malleolar, and lateral malleolar branches.
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(1) The fibular branch is a small vessel which may arise separately from the anterior

tibial artery, or

it springs from
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genicular artery
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Anterior tibial
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Anterior tibial

artery

Art. genu suprema
,(0.T. anastomotic)

Superior medial
euicular artery

Inferior medial
genicular artery

Tibialis anterior

fiastrocnemius
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by a common stem with the posterior tibial recurrent ; occasionally

the lower end of the popliteal artery, or from the posterior tibial.

It runs upwards and later-

ally, behind the neck of the

fibula and through the fibres

of the soleus, and it ter-

minates in branches which
supply the soleus, the pero-

neeus lougus, and the skin

of the proximal and lateral

part of the leg. It anasto-

moses with the inferior

lateral genicular artery.

(2) The posterior tibial

recurrent branch, also

small, and not always

present, runs upwards, an-

terior to the popliteus

muscle, to the back of the

knee-joint. It anastomoses

with the inferior genicular

branches of the popliteal,

and gives branches to the

popliteus muscle and the

proximal tibio-fibular
articulation.

(3) The anterior tibial

recurrent branch arises

from the anterior tibial

artery in front of the inter-

osseous membrane. It runs

proximally and medially, be-

tween the proximal part of

the tibialis anterior and the

lateral condyle of the tibia,

accompanied by the recur-

rent articular branch of the

common peronseal nerve,

and, after supplying the

tibialis anterior and the

proximal tibio-fibular articu-

lation, it pierces the deep

fascia of the leg ; it is con-

nected with the anastomoses

round the knee-joint, formed

by the genicular branches of

the popliteal artery, the de-

scending branch of the lat-

eral circumflex artery, and
the arteria genu suprema.

(4) The muscular
branches are distributed

to the muscles of the front

of the leg, and a few small

branches also pass back-

wards to the deep surface of

the tibialis posterior muscle.

(5) The cutaneous branches supply the skin of the front of the leg.

(6) The medial anterior malleolar branch arises from the lower part of the anterior tibial

artery, and is smaller than its companion on the lateral side. It runs medially, posterior

to the tibialis anterior tendon, ramifies over the medial malleolus, anastomosing with

branches of the posterior tibial artery, and is distributed to the skin and to the ankle-joint.
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Fig. 783.
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The Anterior Tibial Artei{Y and its Branches.
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(7) The lateral anterior malleolar branch, more cotistunt and larger than the niedial,

passes laterally, posterior to the extensor digitorum longiis and peronieus tertius, towards
the lateral malleolus. It anastomoses with the perforaling branch of the peroneal artery

and with the tarsal artery, and supplies the ankle-joint and the adjacent articulations.

Dorsalis Pedis Artery.—The dorsal artery of the foot is the direct continuation

of the anterior tibial; it commences opposite the front of the ankle-joint, and
extends to the posterior

extremity of the first in- \\!' ''Hi, W \^\

terosseous space, where it

divides into the first dorsal

metatarsal and the pro-

funda branch.

It is covered super-

ficially by skin and fascia,

including the cruciate

ligament, and it is crossed,

just before it reaches the

lirst interosseous space,

by the tendon of the ex-

tensor hallucis brevis. It

rests upon the anterior

ligament of the ankle, the

head of the talus, the talo-

navicular ligament, the

dorsum of the navicular

bone, and the dorsal

naviculo- cuneiform and
the inter-cuneiform liga-

ments between the first

and second cuneiform

bones. On its lateral side

is the medial terminal

branch of the deep pero-

neal nerve (O.T. anterior

tibial), which intervenes

between it and the ex-

tensor digitorum brevis

and most medial tendon

of the extensor digitorum

longus. On its medial

side it is in relation with

the tendon of the extensor

hallucis longus. Two vense

comites, one on each side,

accompany the artery.

Branches On the ^''^•- 784.—the Doksalis Pedis Arteky and its Bhanchks.

dorsum of the foot the

dorsalis pedis artery gives off cutaneous branches, lateral and medial tarsal branches, the

arcuate branch, and the first dorsal metattirsal and the profunda branch.

(1) Cutaneous branches, two or three in number, are distributed to the skin on the

dorsum and medial side of the foot ; they anastomose with branches of the medial plantar

artery.

(2) The tarsal branches, niedial and lateral.—The medial tarsal branches are small

vessels given oft' from the medial side of the artery. They pass to the medial border of

the foot and anastomose with branches of the medial plantar artery. The lateral tiirsal

branch is given off opposite the head of the talus ; it runs laterally, deep to the extensor

hallucis brevis and the extensor digitorum brevis, supplying those muscles and the tarsal

joints, and it anastomoses with the perforating branch of the peroneal, the arcuate, and

lateral plantar arteries, and with the lateral malleolar artery.
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(3) The arcuate artery arises opposite the first cuneiform bone. It runs laterally,

on the bases of the metatarsal bones, deep to the long and short extensor tendons, supplies

the extensor hallucis brevis and the extensor digitorum brevis, and anastomoses with

branches of the lateral tarsal and lateral plantar arteries. It gives off three dorsal

metatarsal arteries, second, third, and fourth, which run forwards on the muscles which
occupy the three lateral interosseous spaces to the clefts of the toes, where each divides

into two dorsal digital branches for the adjacent sides of the toes bounding the cleft to

which it goes. The lateral side of the little toe receives a branch from the most lateral

dorsal metatarsal artery. Each dorsal metatarsal artery gives off a posterior perforating

branch, which passes through the posterior part of the intermetatarsal space, between
the heads of the dorsal interosseous muscle, to anastomose with the plantar arch, and
an antericy)- p>erforating branch, which passes through the anterior part of the space

to anastomose with the corresponding plantar metatarsal artery.

(4) The first dorsal metatarsal artery is continued forwards from the dorsal artery

of the foot, and runs on the dorsal surface of the first dorsal interosseous muscle. It

ends by dividing into dorsal digital branches for the adjacent sides of the first and second

toes. Before it divides it usually gives off a dorsal digital branch which passes, deep to

the tendon of the extensor hallucis, to the medial side of the great toe.

(5) The profunda branch, passes through the posterior end of the first intermetatarsal

space, between the two heads of the first dorsal interosseous muscle, to the plantar aspect

of the foot, where it unites with the lateral plantar artery and completes the plantar arch.

As it unites with the lateral plantar artery it gives off the first plantar metatarsal

artery (O.T. arteria magna hallucis), which passes forwards, along the first intermetatarsal

space, to the base of the first interdigital cleft, where it divides into plantar digital arterie

for the adjacent sides of the great and second toes; before it divides it gives off &. plantar

digital artery to the medial side of the great toe.

VENiE.

Veins commence at the terminations of the capillaries. They converge towards

the heart, and unite with one another to form larger and still larger vessels, until,

finally, seven large trunks are formed which open into the atria of the heart.

Three of the trunks, the superior vena cava, the inferior vena cava, and the coronary

sinus, belong to the systemic circulation ; they contain venous blood, and open into

the right atrium. The remaining four, the pulmonary veins, belong to ih.e pulmonary
circulation ; they return oxygenated blood from the lungs, and open into the left

atrium.

In addition to the systemic and pulmonary veins, there is also a third group of

veins, constituting the portal system, in which blood from the abdominal part of

the ahmentary canal, and from the spleen and pancreas, is conveyed to the liver.

The portal system is further pecuhar in that it both begins and ends in capillaries.

From its terminal capillaries in the liver the hepatic veins arise, and as these open

into the inferior vena cava the blood of the portal system is finally poured into the

general systemic circulation. The hepatic veins also receive blood supplied to the

liver by the hepatic arteries.

VEN^ PULMONALES.

The terminal pulmonary veins (Eigs. 750 and 757), two on each side, open into

the left atrium of the heart. Their tributaries arise in capillary plexuses in the

walls of the pulmonary alveoli. By the union of the smaller veins larger vessels

are formed which run along the anterior aspects of the bronchial tubes, and, uniting

together, ultimately form a single efferent vessel in each lobe, which passes into the

root of the lung. Thus there are five main pulmonary veins, but, immediately

after entering the root of the lung, the vessels from the upper and middle lobes of

the right lung join together, and so only four terminal pulmonary veins open into

the left atrium of the heart. Neither the main stems nor their tributaries possess

valves.

Relations.—In the root of the lung the upper pulmonary vein, on each side, lies

below and in front of the pulmonary artery. The lower pulmonary vein, on each
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side, is in the lowest part of the root, mid it is in u plane pOHtorior to that in wldch

the upper vein lies.

On the ri^ht side the upper pulmonary vein passes behind to the superior veJia cava,

and the lower passes Ijuhind the right atrium. They both terminate in the upper and
posterior part of the left atrium close to the interatrial septum.

On the left side both upper and lower pulmonary veins cross anterior to the descend-

ing aorta, and they terminate in the upper and posterior part of the left atrium near its

left border.

All four pulmonary veins jjerforate the fibrous layer of the pericardium, and receive

partial coverings of the serous layer before they enter the atrium.

SYSTEMIC VEINS.

The systemic veins returu blood to the right atrium of the heart through the

superior veua cava, the inferior vena cava, and the coronary sinus. The tvfo first-

named receive blood from the veins of the body and limbs and from most of the

abdominal and pehic viscera. The coronary sinus receives blood from the veins of

the walls of the heart alone.

General Arrangement.—The veins of the body wall and limbs form two groups

—(1) the superficial veins
; (2) the deep veins.

The superficial veins lie in the superficial fascia ; they commence in the

capillaries of the skin and subcutaneous tissues, and are very numerous. They
frequently anastomose with one another, and they also communicate with the deep

veins, in which, after piercing the deep fascia, they terminate. They may or may
not accompany superficial arteries.

The deep veins accompany arteries, and are known as vence comites. The large

arteries have only one accompanying vein, but with the medium-sized and small

arteries there are usually two vente comites, which anastomose freely with each

other by short transverse branches of communication.

Visceral veins usually accompany the arteries which supply viscera in the

head, neck, thorax, and abdomen. As a rule there is only one vein with each

visceral artery, and, with the exception of those which enter into the formation of

the portal system, they terminate in the deep systemic veins.

SINUS CORONAKIUS ET VEN^ CORDIS.

The coronary sinus (Fig. 750) is a short, but relatively wide, venous trunk

which receives the majority of the veins of the heart. It Lies in the inferior

portion of the coronary sulcus, between the left atrium and the left ventricle, and

it is covered superficially by some of the muscular fibres of the atrium.

It terminates in the lower and posterior part of the right atrium, between the

orifice of the inferior vena cava on the right, and the right atrio- ventricular

orifice anteriorly ; an imperfect valve, consisting of one cusp, called the valve of the

coronary sinus (Thebesius), is situated at the right margin of the opening of the

sinus into the atrium.

The apertures of the tributaries of the coronary sinus, except those of the great

and small cardiac veins, are not provided with valves, and the valves of the two

veins mentioned are often incompetent.

Tributaries.— (1) The great cardiac vein (Fig. 754) conuuences at the apex of the

heart. It ascends, in the anterior interventricular sulcus, to the coronary sulcus
;

it then

turns to the left, and, passing round the left margin of the heart, into the inferior part of

the coronary sulcus, terminates in the left extremity of the coronary sinus. It receives

tributaries from the walls of both ventricles and from the wall of the left atrium. It

receives also the left maryinal vein ; that vein commences at the lower extremity of the

left margin of the heart, along which it ascends to its termination.

(2) The small cardiac vein is very variable ; as a rule it commences at the inferior

margin of the heart and passes to the right to the coronary sulcus in which it tunis to

the left, on the inferior surface of the heart, and terminates in the right extremity of

the coronary sinus. It receives tributaries from the walls of the right atrium and the

right ventricle.
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(3) The oblique vein of the left atrium (Marshall) (Fig. 750) is a small venous
channel which descends obliquely, on the posterior wall of the left atrium, and tex'minates

in the coronary sinus. Its orifice is not provided with a valve. It is of special interest,

inasmuch as it represents the left superior vena cava of some other mammals, and is

developed from the left duct of Cuvier.

(4) The inferior cardiac vein of the left ventricle runs along the inferior surface of

the left ventricle and ends in the coronary sinus.

(5) The middle cardiac vein commences at the apex of the heart, and, passing

posteriorly, in the inferior interventricular sulcus, terminates in the coronary sinus near
its right extremity. It receives tributaries from the inferior parts of the walls of both
ventricles.

Veins of the Heart which do not end in the Coronary Sinus.—(a) The
anterior cardiac veins are two or three small vessels which ascend on the anterior wall

of the right ventricle to the coronary sulcus, where they either end in the right

atrium or terminate in the small cardiac vein, (b) The vense minimse cordis.—A number
of small veins, which commence in the -substance of the walls of the heart and terminate
directly in its cavities, principally in the atria ; some few, however, open into the
ventricles.

VENA CAVA SUPERIOR AND ITS TRIBUTARIES.

The superior vena cava (Figs. 756 and 757) returns the blood from the head
and neck, the upper extremities, the thoracic wall, and a portion of the upper part

of the wall of the abdomen. It is formed, at the lower border of the first right

costal cartilage, by the union of the two innominate veins, and it descends, with
a slight convexity to the right, to the level of the third right costal cartilage,

where it opens into the upper and posterior part of the right atrium. It is about
75 mm. (three inches) long ; in the lower half of its extent it is enclosed within
the fibrous layer of the pericardium, and it is covered in front and on each side by
the serous layer.

Relations.—It is overlapped anterioiiy by the margins of the right lung and pleural

sac and by the ascending aorta. The lung and pleura intervene between it and the

second and third costal cartilages, the internal intercostal muscles in the first and second

intercostal spaces, and the internal mammary vessels. It is in relation posteriorly with
the right margin of the trachea, the right vagus nerve, the vena azygos, which opens into

it at right angles, the right bronchus, the right pulmonary artery, and the upper right

pulmonary vein. On its left side are the ascending portion of the aorta, and the commence-
ment of the innominate artery, whilst on the right side it is in close relation with the

right pleura, the phrenic nerve and the pericardiaco-phrenic (O.T. comes nervi phrenici)

vessels intervening.

Tributaries.—In addition to the two innominate veins, by the union of which it is

formed, the superior vena cava receives only one large tributary, viz., the vena azygos

;

but several small pericardial and mediastinal veins open into it

Vena Azygos and its Tkibutaries.

The vena azygos (O.T. vena azygos major) (Fig. 798) commences either from
the posterior aspect of the inferior vena cava, at the level of the right renal vein,

or as the direct upward continuation of an anastomosing channel which connects

together the lumbar veins of the right side, and which is known as the right

ascending lumhar vein. It ascends through the aortic orifice of the diaphragm,
and is continued upwards through the posterior mediastinum. In the upper part

of its course, it first passes posterior to the root of the right lung, and then arches

anteriorly, above the root, to its termination in the posterior part of the superior

vena cava, immediately before the latter vessel pierces the pericardium and at the

level of the second costal cartilage. It frequently possesses imperfect valves.

Relations.—In the abdomen it lies on the anterior surfaces of the bodies of the

upper lumbar vertebrae, posterior to the right crus of the diaphragm and the inferior

vena cava, and to the right side of the cisterna chyli.

In the thorax it lies on the anterior surfaces of the bodies of the lower eight thoracic verte-

brae, the intervening fibro-cartilages, and the anterior longitudinal ligament; and anterior to
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the right aortic intercostal arteries. In the lower part of the posterior mediastinum tlie

right pleura and lung lie anterior to it ; at a higher level it is overlapped by the right

margin of tlio a'sopiiagus, and innnodiately before its termination it is crossed by the root

of the right lung.

On its left side it is in relation, in the greater part of its extent, witli the thoracic duct and,

as it arches anteriorly over the root of the lung, with the right vagus nerve and the trachea.

About the level of the eighth thoracic vertebra it receives the accessory hemiazygos vein,

whilst at the level of the ninth thoracic vertebra the hemiazygos vein opens into it.

In addition to the two veins last mentioned it receives the right posterior intercostal

veins, e.\cept that from the first space but including the right superior intercostal vein,

the riglit subcostal vein, and, through the ascending lumbar vein, the upper riglit lumbar
veins. It also receives the right bronchial veins and some small oesophageal, pericardial,

and mediastinal tributaries.

Tributaries. — (1) The vena hemiazygos accessoria (O.T. vena azygos minor
superior) is formed by the union of the fourth, fifth, sixth, seventh and eighth left

posterior intercostal veins. It lies on the left sides of the bodies of the fifth, sixth, and

seventh thoracic vertebrte, and the corresponding intercostal arteries. It crosses the

vertebral column, from left to right, opposite the body of the eighth thoracic vertebra,

passing posterior to the aorta, oesophagus, and thoracic duct ; and it terminates either in

the vena azygos or in the vena hemiazygos. In addition to its intercostal tributaries

it receives the left bronchial veins, and some small posterior mediastinal veins, and it

communicates with the left superior intercostal vein.

(2) The vena hemiazygos commences in the epigastric region of the abdomen. At its

origin it is connected either with the left ascending lumbar vein or with the left renal vein.

After piercing the left cms of the diaphragm it ascends, on the left sides of the bodies of the

lower thoracic vertebne, and, opposite the eighth or ninth thoracic vertebra, it turns to

the right, crosses the front of the vertebral column,'posterior to the aorta, oesophagus, and

thoracic duct, and terminates in the vena azygos. As it ascends, on the bodies of the

vertebra;, it lies lateral to the aorta, and medial to the roots of the splanchnic

nerves, and anterior to the lower left intercostal arteries. Through the left ascending

lumbar vein it receives blood from the upper lumbar veins of the left side ; the left

subcostal vein, the lower three posterior intercostal veins, and small mediastinal tributaries

also terminate in it.

(3) The bronchial veins do not quite correspond to the bronchial arteries, and they are

not found on the walls of the smallest bronchi. On each side the tributaries run, anterior

or posterior to the bronchial tubes to reach the root of the lung, where they unite, as a rule,

into two small trunks ; those of the right side open into the vena azygos, and those of the

left into the accessory hemiazygos vein, or into the left superior intercostal vein. On
both sides they ai'e joined by tracheal and posterior mediastinal veins. Some few small

bronchial veins, including most of those from the smaller tubes, open into the pulmonary

veins.

(4) Venae Intercostales.—There are two sets of intercostal veins, the anterior

and the posterior.

The anterior intercostal veins ai-e tributaries of the internal mammary or of the

musculo-phrenic veins, and are described with those vessels (pp. 962, 963).

The posterior intercostal veins (Fig. 798) are eleven in number on each side. A
single vein runs in each intercostal space ; it is situated in the costal groove, above the

corresponding artery.

On the right side the posterior intercostal vein of the first space accompanies the

superior intercostal artery across the front of the neck of the first rib, and terminates

in the vertebral or innominate vein. The second, third, and fourth posterior intercostal

veins of the right side unite together to form a common trunk, the right superior

intercostal vein, which terminates by joining the vena azygos. The fifth to the

eleventh posterior intercostal veins of the right side open separately into the vena azygos.

On the left side the first posterior intercostal vein follows a course similar to that

taken by the corresponding vein on the right side, and terminates in the left vertebral or

innominate vein. The second, third, and sometimes the fourth posterior intercostal veins

of the left side unite to form the left superior intercostal vein, which runs from behind

forwards along the left or anterior aspect of the aortic arch. It passes obliquely between

the left vagus and phrenic nerves, crosses the root of the left subclavian artery, and ends

in the lower border of the left innominate vein. The fifth, sixth, seventh, and eighth, and

sometimes the fourth posterior intercostal veins of the left side terminate in the accessory

hemiazygos vein, and the ninth, tenth, and eleventh end in the hemiazygos vein.

62
9
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Each posterior intercostal vein is provided with valves, both at its termination and

along its course, which prevent the blood flowing towards the anterior aspect of the

thoracic wall. Its tributaries are derived from the adjacent muscles and bones, and a

short distance from its termination it receives a posterior tributary which passes to it

between the transverse processes of the vertebrae. This posterior vessel is formed by the

union of small veins which issue from the muscles of the back, from the anterior and

posterior spinal plexuses which lie respectively in front of the bodies and behind the

arches of the vertebrae, and by venous channels which issue through the intervertebral

foramina ; the latter vessels commence in the vertebral canal, where they are connected with

the anterior and posterior spinal veins.

Ven^ Anonyms.

The innominate veins (Figs. 756 and 757) are two in number, right and left.

They return blood from the head and neck, the upper extremities, the upper part

of the posterior wall of the thorax, the anterior wall of the thorax, and the upper

part of the anterior wall of the abdomen. Each innominate vein commences
behind the medial end of the clavicle of the corresponding side, and is formed by

the union of the internal jugular and subclavian veins ; the two innominate veins

terminate by uniting together, at the lower border of the first costal cartilage of

the right side, to form the superior vena cava. To reach that point the left vein

has to pass from left to right behind the manubrium sterni, and it is therefore about

three times as long as the right vein. The innominate veins do not possess valves.

The right innominate vein is a little more than 25 mm. (1 inch) in length.

It descends almost vertically to the lower border of the first costal cartilage, and

terminates in the superior vena cava.

Relations.—It is in relation, anteriorly, with the medial end of the clavicle and the

sterno-hyoid and sterno-thyreoid muscles. It partly overlaps the innominate artery, which

lies to its left side, and it is in front of the internal mammary artery, the right vagus

nerve, and the upper end of the right pleural sac. The phrenic nerve and the accompany-

ing vessels run along its right side, and intervene between it and the right pleural sac.

Tributaries.—In addition to the veins by the union of which it is formed, the right

innominate vein receives the right vertebral and internal mammary veins, the first right

posterior intercostal vein, and sometimes the right inferior thyreoid vein. The right

lymphatic duct also opens into it.

The left innominate vein passes from left to right, with a slight obliquity

downwards, behind the upper part of the manubrium sterni, to the lower border

of the first right costal cartilage, where it terminates in the superior vena cava.

It is about 60 to 75 mm. (3 inches) long.

Relations.—It is covered anteriorly, in the greater part of its extent, by the sterno-

hyoid and sterno-thyreoid muscles, but at its right extremity it is slightly overlapped by
the right pleura, and in the median plane the remains of the thymus intervene between it

and the posterior surface of the sternum. It rests, posteriorly, upon the left pleura, the

left internal mammary artery, the left subclavian artery, the left phrenic, and the left vagus

nerves, the left superior cardiac branch of the sympathetic, the inferior cervical branch

of the left vagus, the left common carotid artery, the trachea, and the innominate artery.

Its lower border is in relation with the arch of the aorta, and on its upper border it

receives the inferior thyreoid vein of one or both sides.

Tributaries.—It receives the vertebral, internal mammary, inferior thyreoid, superior

intercostal veins of its own side, the first left posterior intercostal vein, and some peri-

cardial, thymic, anterior bronchial, and anterior mediastinal veins. Sometimes the right

inferior thyreoid vein joins it, but not uncommonly that vessel terminates in the right

innominate vein or in the commencement of the superior vena cava.

The thoracic duct opens into it just at the angle of junction of the internal jugular

and subclavian veins.

Venae Mammariae Internae—The Internal Mammary Veins.— Each internal

mammary artery is accompanied by vense comites ; they commence by the union of

the venae comites of the superior epigastric and musculo-phrenic arteries, between the

sixth costal cartilage and the transversus thoracis ; and at the upper part of the thorax
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they fuse into a single vessel whicli enters the superior mediastinum and ends in the

innominate vein of the same side.

The tributaries of the internal mammary veins are -(a) The venae comites of the

superior epigastric and musculo phrenic arteries, which in their turn receive tributaries

which correspond with the branches of the arteries they accompany. (0) Six anterior

perforating veins which accompany the corresponding arteries, one lying in each of the

upper si.\ interc(istal spaces, (c) Twelve anterior intercostal veins from the upper six

intercostal spaces, two veins lying in each space with the corresponding branches of the

internal mammary artery, (d) Small and irregular pleural, muscular, mediastinal, and

sternal veins.

Tlie internal manunary veins are provided with numerous valves which prevent the

blood from flowing downwards.

Venae Epigastricae Superiores—The Superior Epigastric Veins.—The venae

comites of the superior epigastric artery receive tributaries from the substance of the

rectus abdominis, the sheath of the muscle, and the superjacent skin and fascia ; they

pass, with the artery, between the sternal and costal origins of the diaphragm, and

terminate in the internal manunary veins.

Musculo-phrenic Veins.—The vena) comites of the musculo-phrenic artery com-

mence in the abdomen, pass through the diaphragm with the musculo-phrenic artery,

and terminate in the internal mammary veins. Tliey receive as tributaries the anterior

intercostal veins of the seventh, eighth, and ninth intercostal spaces, and small venules

from the substance of the diaphragm and walls of the abdomen.

Venae Vertebrales—The Vertebral Veins correspond only to the extra-cranial

parts of the vertebral arteries. Each commences by the union of offsets from

the intraspinal venous plexuses, and, issuing from the vertebral canal, passes

across the posterior arch of the atlas, with the vertebral artery, to the foramen in

the transverse process of the atlas. In the foramina in the cervical transverse

processes, a plexus of venous channels surrounds the artery. At the lower part

of the neck efferents from the plexus unite to form a single trunk which issues

from the foramen in the transverse process of the sixth cervical vertebra, and

descends, in the interval between the longus colli and scalenus anterior muscles,

to terminate in the upper and posterior part of the innominate vein; at its

termination there is a uni- or bi-cuspidate valve.

Relations.—In the first part of its course the vein lies in the sub-occipital triangle.

The second, plexiform portion, is in the canal formed by the foramina in the transverse

processes of the cervical vertebrie, and, with the artery, which it surrounds, lies anterior

to the trunks of the cervical spinal nerves. The third part, in the root of the neck, is

between the longus colli and scalenus anterior muscles, in front of the first part of the

vertebral artery, and behind the internal jugular vein.

Tributaries.—In addition to the offsets from the intraspinal venous plexuses by the

union of which it is formed, each vertebral vein receives the following tributaries :—(a)

Small vessels which issue from the muscles, ligaments, and bones of the deeper parts of the

neck, and the lower and posterior part of the head. (6) Offsets from the intraspinal venous

plexuses which pass out of the vertebral canal by the intervertebral foramina. (c) The

ascending cervical vein, a vessel which is formed by the union of tributaries which issue

from a venous plexus on the anterior aspects of the bodies and roots of the transverse

processes of the cervical vertebrre. This vessel accompanies the ascending cervical artery,

and terminates in the lower part of the vertebral vein, immediately after the latter has

issued from the foramen in the sixth cervical transverse process, {d) The deep cervical

vein; this commences in the sub-occipital triangle from a venous plexus with which

the vertebral and occipital veins communicate. It descends, posterior to the transverse

processes of the cervical vertebrte, in company with the profunda cervieis artery, turns

forwards at the root of the neck, between the transverse processes of the sixth and

seventh cervical vertebra) or between the latter and the neck of the first ril), and opens

into the vertebral vein. It receives blood from the muscles, ligaments, and bones of the

back of the neck, (e) The posterior intercostal vein from the first intercostal space some-

times opens into the vertebral vein.

Occasionally the venous plexus around the vertebral artery ends below in two terminal

trunks, anterior and posterior, instead of one. In those cases the second terminal vessel

lies behind the lower part of the vertebral artery, passes through the foramen in the

transverse process of the seventh cervical vertebra, and turns forwards on the lateral side
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of the artery to join the anterior trunk, thus formmg a common terminal vein which
ends in the usual manner.

Venae Thyreoidese Inferiores.—Each inferior thyreoid vein commences by the

union of tributaries which issue from the isthmus and the corresponding lobe of

the thyreoid gland. The t\A^o veins descend, along the front of the trachea, into

the superior mediastinum, v^here the right inferior thyreoid vein terminates

either in the right innominate vein or in the junction of the two innominate

veins, and the left in the upper border of the left innominate vein ; or the two
veins unite to form a single trunk, which ends, usually, in the left innominate
vein, but, occasionally, in the right. As they descend in the neck the inferior

thyreoid veins anastomose together, and sometimes the anastomoses are so frequent

that a venous plexus is formed in front of the lower cervical portion of the trachea.

VEINS OF THE HEAD AND NECK.

Vena Jugularis Interna (Eigs. 756, 759, 787, 800 and 801).—Each internal

jugular vein commences, in the posterior compartment of the jugular foramen,

as the direct continuation of the transverse sinus, and terminates, behind the

medial part of the clavicle, by uniting with the subclavian vein of the same
side to form the innominate vein.

Its commencement, which is dilated, forms the superior bulb of the jugular vein.

In the upper part of the neck it lies postero-lateral to the internal carotid artery

and the last four cerebral nerves. As it descends it accompanies first the internal

and then the common carotid artery. It inclines forwards as it descends, and
gradually passes from its original position, behind and to the lateral side of the

internal carotid artery, until it lies more completely to the lateral side of the internal

and common carotid arteries, and, indeed, somewhat overlaps the latter anteriorly.

This is more especially the case on the left side, for both internal jugular veins

trend slightly towards the right as they descend ; consequently, at the root of the

neck, the right vein is separated from the right common carotid artery by a small

interval filled with areolar tissue, whilst the left vein is more directly in front of

the corresponding common carotid artery.

A dilatation, the inferior bulb, is present at the inferior extremity of the vein

;

it is bounded, either above or below, by a valve of two or three semilunar

cusps. Sometimes both the superior and inferior ends of the bulb are bounded
by valves.

Relations.—Tlie vein lies anterior to the transverse processes of the cervical verte-

bra, the rectus capitis lateralis, longus capitis, and scalenus anterior muscles, the ascend-

ing cervical artery, which runs upwards in the interval between the attachments of the

two latter muscles, and the phrenic nerve ; the transverse scapiilar and the transverse

cervical arteries intervene between it and the scalenus anterior. At the root of the neck

the vein lies in front of the first part of the subclavian artery and the origins of the

vertebral artery and the thyreo-cervical trunk, and on the left side it is anterior to the

terminal part of the thoracic duct.

On the antero-medial side of tlie internal jugular vein, immediately below the skull,

are the internal carotid artery and the last four cerebral nerves ; in the rest of its extent

it is in relation, medially, first with the internal and then with the common carotid artery,

whilst to its medial side and somewhat posteriorly, between it and the large arteries,

lies the vagus nerve.

Each internal jugular vein is covered, superficially, in the whole of its length, by the

sterno-mastoid muscle ; near its upper end it is crossed by the styloid process, the stylo-

pharyngeus and stylo-hyoid muscles, and the posterior belly of the digastric, whilst in

its lower half, the omo-hyoid, the sterno-hyoid, and the sterno-thyreoid muscles are,

superficial to it, under cover of the sterno-mastoid. Just below tlie transvei'se process of the

atlas, and under cover of the sterno-mastoid, the vein is crossed, on its lateral side, by
the accessory nerve and by the occipital artery ; about the middle of its course it is

crossed by the communicans cervicis nerve, and near its lower end by the anterior jugular

vein ; the latter vessel, however, is separated from it by the sterno-hyoid and sterno-

thyreoid muscles. Superficial to the vein are numerous deep cervical lymph glands.
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Tributaries.—(u) A vein from the cochlea mikI {h) the inferior petrosal sinus join

it near its coininencenicnt. ('•) Pharyngeal branches from the venous plexus on thf wall

of the pharynx, {d) Emissary veins from the eaveinous sinus. (^) Tlie common facial

vein, which receives the anterior and j)osterior facial veins. {
/') 'I'he lingual veins, w Inch

return \nxvt of the blood from the tongue. {</) The vena comitans hypoglossi, wiiich

accompanies the hypcjglossal nerve. (//) 'I'lic superior thyreoid vein, which accompanies

the corresponding artery, {i) The middle thyreoid vein, which passes backwards from

the corresjjondini:- lobe of the thyreoid gland and crosses the middle of the lateral aspect of

the common carotid artery, (j) The occipital vein occasionally terminates in the internal

jugular vein. In many cases, however, it ends in the sub-occipital plexus, which is

drained by the vcrtel)ral and deep cervical veins (see p. 9G3).

The common facial vein is formed by tlie union of the anterior and posterior facial

veins. It accompanies the first part of the external maxillary artery in the carotid

triangle, and terminates in the anterior border of the internal jugular vein. Just before

it disappears beneath the sterno-mastoid, the common facial vein frequently gives ott' a

large branch which descends along the anterior border of the sterno-mastoid to the

supra-sternal fossa, where it joins the anterior jugular vein.

The anterior facial vein (Fig. 785) conniiences at the medial commissure of the eye-

lids as the aiKjular vein, which is formed by the union of the supra-orbital and frontal

veins. It passes downwards and backwards, in the face, to the lower and anterior [jart

of the masseter muscle, which it ci'osses, lying in the same plane as the external maxillary

artery, but following a much straighter course. After crossing the lower border of the

mandible it passes across the submaxillary triangle, supei-ficial to the submaxillary gland,

and separate from the external maxillary artery, which there lies in a deeper plane. It

terminates, a short distance below the angle of the mandible, by uniting with the posterior

facial vein to form the common facial vein.

The anterior facial vein receives tributaries corresponding with all the branches of

the external maxillary artery, except the ascending palatine and the tonsillar, which have

no accompanying veins, the blood from the region which they supply being returned for

the most part through the pharyngeal plexus. The anterior facial vein also communicates

with the pterygoid plexus around the external pterygoid muscle, by means of an

anastomosing channel, called the deep facial vein, which passes posteriorly, between

the masseter and buccinator muscles, into the infra-temporal fossa.

The posterior facial vein, see p. 968.

The inferior thyreoid veins have already been described (see p. 964).

Venae Subclavise.—The subclavian vein, of each side, is the direct coutiuua-

tion of the main vein of the upper extremity, i.e. the axillary vein ; but through

its tributary, the external jugular vein, it receives blood both from the head and

truni the superficial parts of the neck.

From its commencement, at the external border of the first rib, it runs medially,

below and anterior to the corresponding artery from which it is separated by

the lower part of the scalenus anterior muscle, and it terminates, behind the

medial end of the clavicle, in the innominate vein of the corresponding side. As
it passes medially it forms a slight curve, the convexity of which is directed

upwards.

Each su))clavian vein possesses a single bicuspid valve which is situated iimne-

diately to the distal side of the opening of the external jugular vein.

Relations.—The subclavian vein is in relation (interiorly with the posterior layer of

the costo-coracoid membrane, which separates it from the subclavius muscle, and the'

nerve to the subclavius, and with the back of the medial end of the clavicle, from which

it is partly separated, however, by the fibres of the sterno-hyoid and sterno-thyreoid

muscles. •

It is closely attached, anteriorly, to the posterior surface of the costo-coracoid

membrane : consetiuently it is expanded when the clavicle is moved forwards, an arrange-

ment which constitutes a distinct danger when operations are being performed in the

neighbourhood of the vein ; for, in the event of the vessel being wounded, forward

movement of the clavicle may cause air to be sucked into the vein, with fatal results.

Posterior to the vein, and on a higher plane, is the first part of the subclavian artery,

but it is separated from the second part by the scalenus anterior. As soon as it reaches

the medial border of the anterior scalene the subclavian vein unites with the internal

jugular vein, immediately anterior to the internal mammary artery.
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The upper surface of the first rib is below the vein.

Tributaries.—Whilst the subclavian vein is the direct continuation of the axillary

vein, and receives, therefore, the blood from the upper extremity, it has, as a general

rule, only one named tributary, viz., the external jugular vein.

Vena Jugularis Externa.—The external jugular vein (Fig. 785) is formed on
the superficial surface of the sterno-mastoid muscle, a little below and posterior to

the angle of the mandible, by the union of the posterior auricular vein with a branch
from the posterior facial vein (O.T. temporo-maxillary). In many cases the branch
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Superficial Veins ok the Head and Neck.

from the posterior facial vein is so preponderantly large that it is more correct to

describe the external jugular vein as commencing as a branch of the posterior facial

vein. After its formation the external jugular vein descends, with a sUght obli-

quity backwards, to the anteriot jjart of the subclavian portion of the posterior

triangle of the neck, where it pierces the deep fascia, crosses in front of the third

part of the subclavian artery, and terminates in the subclavian vein.

Whilst on the surface of the sterno-mastoid muscle it is covered by the super-
ficial fascia, and platysma muscle, and it lies parallel with the great auricular

nerve ; after crossing the nervus cutaneus colli (O.T. trans, cervical) it reaches the
posterior border of the sterno-mastoid, where it receives a tributary called the
posterior external jugular vein, which commences in the superficial tissues of
the upper and back part of the neck, and runs downwards and forwards, across the
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roof of the upper part of the posterior triangle, to its termination in the external
jugular vein.

As the external jugular vein pierces the deep cervical fascia in the subclavian
triangle, its wall is closely attached to the margin of the opening through which
it passes ; and as it is crossing in front of the third part of the subclavian artery it

is joined by the transverse scapular, transverse cervical, and anterior jugular veins.

There are usually two valves in the lower part of the vein—one, at its termina-
tion, which is generally incompetent, and a second at a higher level.

Tributaries.—In addition to the posterior auricular vein and the branch from
the posterior facial vein by whicli it is formed, the external jugular vein receives the
posterior external jugular vein, which has already been described, the transverse
cervical and transverse scapular veins from the region of the shoulder, and the
anterior jugular vein. Occasionally the cephalic vein also opens into it.

The posterior auricular vein (Fig. 785) receives tributaries from the posterior parts
of the parietal and temporal regions and from the medial surface of the auricle. It is

considerably larger tlian the posterior auricular artery, which it accompanies only in the
scalp. At the base of the scalp it leaves the artery and descends in the superficial fascia,

over the upper part of the sterno-mastoid, to join the external jugular vein.

The transverse cervical and transverse scapular veins accompany the corresponding
arteries; not infrequently tliey open directly into the subclavian vein.

The anterior jugular vein commences in the submental region, and is formed by the
union of small veins from the lower lip and chin. It descends, in the superficial fascia, at

a variable distance from the median plane, perforates the superficial layer of the deep
fascia, a short distance above the sternum, and enters the suprasternal space (Bums)
"between the first and second layers of the deep fascia. In the space it anastomoses with
its fellow of the opposite side and receives a communication from the common facial vein.

Then it turns laterally, between the sterno-mastoid superficially and the sterno-hyoid,

sterno-thyreoid, and scalenus anterior muscles deeply, and terminates in the external
jugular vein at the posterior border of the sterno-mastoid.

The external jugular vein sometimes receives the occipital vein or a communication
from it.

The Veins of the Scalp.

The veins which drain the blood from the superficial parts of the scalp are the
frontal, the supra-orbital, the superficial temporal, the posterior auricular, and the

occipital. The blood from the deeper part of the scalp, in the region of the

temporal fossa, on each side, passes into the deep temporal veins, which are

tributaries of the pterygoid plexus.

The frontal and supra-orbital veins receive blood from the medial and anterior

part of the scalp. They unite together, near the medial commissure of the eyelids,

to form the angular vein ; before the union is effected the supra-orbital vein sends a

branch backwards, through the supra-orbital notch, into the orbital ca\ity, where
it terminates in the ophthalmic vein, and as this branch passes through the notch
it receives the frontal diploic vein (p. 969).

The superficial temporal vein (Figs. 759, 785) is formed by frontal and parietal

tributaries which accompany the corresponding branches of the superficial temporal

artery. They drain the lateral frontal, the superficial part of the temporal, and the

anterior part of the parietal region of the scalp, and unite to form a single trunk
which descends to the upper border of the zygoma, immediately anterior to the

auricle, where it terminates in the posterior facial vein (see p. 968).

The posterior auricular vein drains the posterior portions of the temporal and
parietal areas of the scalp (see above).

The occipital vein (Figs. 759, 785) receives tributaries from the parietal and
occipital regions. As a rule it pierces the occipital origin of the trapezius, and,

passing into the sub-occipital triangle, terminates in a plexus of veins which is

drained by the vertebral and deep cervical veins. It sometimes communicates with
the external jugular vein, and occasionally an offset from it accompanies the coitc-

sponding artery and ends in the* internal jugular vein.
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It generally receives the mastoid emissary vein ; one of its tributaries receives

the parietal emissary vein, and occasionally an emissary vein from the confluens

sinuum (O.T. torcular Herophih) opens into it.

The Veins of. the Orbit, the Nose, and the Infra-temporal Eegion.

The veins of these three regions are closely associated together ; for although

the orbital blood is returned, for the most part, to the cavernous sinus, by the

ophthalmic vein, the latter vein is closely connected vs^ith the pterygoid plexus,

which lies in the infra-temporal region.

Veins of the Orbit.—The veins of the orbit correspond, with the exception of

the naso-frontal vein, with the branches of the ophthalmic artery, and they

gradually converge, as they pass backwards in the orbit, until they form two main
trunks, a superior ophthalmic vein and an inferior ophthalmic vein. The two trunks

terminate separately, or by a single stem, in the anterior end of the cavernous

sinus, to which they pass through the superior orbital fissure, and between the

two heads of the lateral rectus muscle.

The superior ophthalmic vein communicates, at the supero-medial angle of the

orbit, with the angular vein, and it receives the naso-frontal vein which accompanies

the frontal nerve. The inferior ophthalmic vein communicates, through the inferior

orbital fissure, with the pterygoid plexus.

Veins of the Nose.—The veins of the walls of the nasal cavity end partly in

the ethmoidal tributaries of the superior ophthalmic vein, partly in the septal

affluent of the superior labial and in the lateral nasal veins, both of which are

tributaries of the anterior facial vein; but the majority of the veins of the nose,

both from the septal and lateral walls, join together to form a spheno-palatine

vein which passes through the spheno-palatine foramen and the pterygo-palatine

fossa, and terminates in the pterygoid plexus.

Plexus Pterygoideus and the Vena Maxillaris Interna.—The pterygoid plexus

of veins lies in the infra-temporal and pterygoid fossse. It covers the lateral

surface of the internal pterygoid muscle, and surrounds the external pterygoid.

It receives tributaries which correspond with and accompany the branches

of the internal maxillary artery—viz., spheno-palatine, pharyngeal, vein of pterygoid

canal, infra-orbital, posterior superior alveolar, descending palatine, buccinator, two
or three deep temporal, pterygoid, masseteric, and inferior alveolar veins, and the

middle meningeal vein. It communicates, superiorly, with the cavernous sinus

through the foramen ovale ; anteriorly with the inferior ophthalmic vein through

the inferior orbital fissure ; and between the masseter and the buccinator with the

anterior facial vein by the deep facial anastomosing branch. It also communicates
posteriorly and medially, on the medial side of the internal pterygoid, with the

pharyngeal plexus, and it terminates posteriorly in the internal maxillary vein.

The internal maxillary vein is a short vessel which accompanies the first part

of the iuternal maxillary artery, between the sxjheno-mandibular ligament and the

neck of the mandible. Between the neck of the mandible and the autero-medial

surface of the parotid gland it joins the upper part of the posterior facial vein.

Occasionally the internal maxillary vein is double, and sometimes it is represented

by several channels.

The posterior facial vein is formed, immediately above the zygomatic arch, by
the union of the superficial and middle temporal veins. It crosses the zygomatic

arch, dips deep to the upper part of the parotid gland, and, whilst lying between the

antero-medial surface of the gland and the posterior border of the mandible, it

receives the internal maxillary vein or veins. Then it descends, through the

substance of the parotid, and, emerging from its lower end at the angle of the

mandible, it passes forwards and downwards to unite with the anterior facial vein

in the formation of the common facial voin.

Whilst it is in the substance of the parotid it gives off a comparatively large

branch, which emerges from the lower and posterior part of the gland and forms
one of the two commencing tributaries of the external jugular vein.
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VENOUS SINUSES AND VEINS OF THE CRANIUM AND OF ITS

CONTENTS.

The venous chanuels met witli in the cranial walls and cranial cavity are :

—

(1) The diploic veins, which lie in the spongy tissue Ijetween the outer and
inner tables of the cranial bones.

(2) The meningeal veins, which accompany the meningeal arteries in the outer

layer of the dura mater.

(3) The veins of the brain, which lie between the folds of pia mater and in the

subarachnoid space.

(4) The cranial venous sinuses, channels which are situated between the outer

and inner layers of the dura mater; they receive the blood from the terminal

cerebral veins.

Diploic and Meningeal Veins.

Venae DiplOicse. — The diploic veins are anastomosing spaces in the spongy

tissue of the tlat bones of the skull ; they are Lined with endothelium. The number
of efferent vessels which emerge from the diploic spaces is not constant, but usually

there are at least four on each side—viz., a frontal, two temporal, anterior and

posterior, and an occipital.

The frontal diploic vein is one of the most constant ; it drains the anterior part

Posterior teiniioral

diploic vein

Occipital diploic
vein

Anterior temporal diploic vein

Frontal diploic vein
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The Veins of the Diploe.

of the frontal bone, passes through a small aperture in the upper margin of the

supra-orbital notch, and terminates in the supra-orbital vein.

The anterior temporal diploic vein drains the posterior part of the frontal bone

and the anterior part of the parietal bone; it pierces the great wing of the

sphenoid, and terminates either in the spheno-parietal sinus or in the anterior

deep temporal vein.

The posterior temporal diploic vein drains the posterior part of the parietal

bone; it runs downwards to the posterior inferior angle of the parietal bone

and terminates in the transverse sinus, to which it passes either through a

foramen in the inner table of the parietal bone or through the mastoid foramen.
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The occipital diploic vein is usually the largest of the series ; it drains the

occipital bone, and terminates either externally in the occipital vein or internally

in the lateral sinus.

Venae Meningese.—The meningeal veins commence in two capillary plexuses,

a deep and a superj&cial. The deep plexus is a wide-meshed network in the inner

layer of the dura mater. Its efferent vessels terminate in the superficial plexus.

The superficial plexus lies in the outer layer of the dura mater. It consists of

numerous vessels of uniform calibre which frequently anastomose together, and

terminate in two sets of efferents ; of these, one set ends in the cranial blood sinuses,

and the other accompanies the meningeal arteries. The efferent meningeal veins

are peculiar, inasmuch as they do not alter much in size as they approach their

terminations. They Lie external to the arteries in the grooves in the inner wall

of the cranium, and are very liable to be torn when the bones are fractured

(Wood Jones).

Veins of the Beain.

The veins of the brain include the veins of the cerebrum, of the mid-brain, of

the cerebellum, of the pons, and of the medulla oblongata. They do not possess

valves.

Vense Cerebri—The Veins of the Cerebrum.—The cerebral veins are arranged

in two groups, (a) the deep and (b) the superficial.

The deep veins issue from the substance of the brain. The superficial veins lie

upon its surface in the pia mater and the subarachnoid space. The terminal

trunks of both sets pierce the arachnoid membrane and the inner layer of the dura

mater, and open into the cranial venous sinuses.

(a) The deep cerebral veins are the chorioid veins, the venae terminales,

the internal cerebral veins, the great cerebral vein (Galen), the vein of the septum
pellucidum and the inferior striate veins.

Each chorioid vein is formed by the union of tributaries which issue from the

chorioid plexus in the body and inferior horn of a lateral ventricle. It ascends,

along the lateral border of the tela chorioidea of the third ventricle (O.T.

velum interpositum), and passes forwards, in the lateral border of that fold of pia

mater, to the interventricular foramen (Monro), where it receives efferents from
the chorioid plexus of the third ventricle, and unites with the vena terminahs to

form the internal cerebral vein (G-alen).

The vena terminalis (O.T. vein of corpus striatum), on 'each side, is formed by
the union of tributaries which issue from the corpus striatum and from the

thalamus. It runs forwards between the thalamus and the caudate nucleus, in a

groove in the floor of the lateral ventricle, and, after receiving tributaries from the

walls of the anterior horn of the ventricle, and the vein of the septum pellucidum,

it terminates at the apex of the tela chorioidea, where it joins the chorioid vein to

form the internal cerebral vein (Galen).

Each internal cerebral vein (Galen) commences at the apex of the tela

chorioidea, near the interventricular foramen (Monro), by the union of the

vena terminalis with the chorioid vein. The two veins run backwards between the

layers of the tela, receiving tributaries from the chorioid plexuses of the third

ventricle and from the fornix and corpus callosum, and they terminate, beneath

the splenium of the corpus callosum, by uniting to form the great cerebral vein

(Galen). '

The great cerebral vein (Galen) passes backwards and slightly upwards from its

origin, and ends in the anterior extremity of the straight sinus. In addition to

the two internal cerebral veins, by the union of which it is formed, it receives

tributaries from the posterior parts of the gyrus cinguli of each side, from the pineal

and quadrigeminate bodies, from the medial and inferior surfaces of the occipital

lobes of the brain, and from the upper surface of the cerebellum. It also receives

the basal vein of each side (see p. 971).

An inferior striate vein descends, on each side, from the substance of the corpus
striatum, and, after passing through the anterior perforated substance, ends in the
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basal vein (see below), which, as already stated, is a tributary of the great cerebral
vein.

(b) The superficial cerebral veins are more numerous and of larger calibre

than the cereln-al arteries. They he upon the surface of the cerebrum, drain
blood from the cerebral cortex, aud they are divisible into two sets, the superior
and the inferior.

The superior cerebral veins, twelve or more in number, lie in the pia mater
and subarachnoid space on the upper and lateral aspect of the cerebral hemispheres.
They run upwards and medially, to the margin of the longitudinal fissure where
they receive tributaries from the medial surface of the hemisphere, and they
terminate in the superior sagittal sinus or in the lateral lacunar expansions of the
sinus. The anterior veins of this set are small and run transversely, but the
posterior are large and run obUquely forwards and medially ; they are embedded
for some distance in the wall of the sinus, and their orifices are directed forwards
against the l)lood stream.

The inferior cerebral veins lie on the lower and lateral aspects of the cerebral

hemispheres ; they run downwards and medially, and terminate in the sinuses

which lie at the base of the skull—viz., the cavernous, the superior petrosal, and
the transverse sinuses. One of these veins, the superficial middle cerebral vein

(O.T. superficial Sylvian), runs along the posterior horizontal branch and the stem of

the lateral fissure (Sylvius) to the cavernous sinus ; occasionally it is united by an
anastomotic loop, known as the great anastomotic vein (Trolard), with the superior

sagittal sinus, and sometimes by the inferior anastomotic vein with the transverse

sinus.

The anterior cerebral vein of each side lies in the longitudinal fissure, and
accompanies the corresponding anterior cerebral artery ; it receives tributaries from
the corpus callosum and the gyrus cinguli. Turning downwards, round the

genu of the corpus callosum, it reaches the base of the brain, and terminates in the

basal vein.

The deep middle vein (O.T. deep Sylvian) lies deeply in the lateral fissure

(Sylvius) ; it anastomoses freely with the superficial middle vein, receives tributaries

from the insula and the adjacent opercula, and terminates in the basal vein.

The basal vein commences at the anterior perforated substance ; it is formed by
the union of the anterior cerebral vein with the deep middle vein and with the

inferior striate vein. Passing backwards round the pedunculus cerebri, it terminates

in the great cerebral vein (Galen). Its tributaries are derived from the tuber

cinereum, the corpus mamillare, the posterior perforated substance, the uncus, the

inferior cornu of the lateral ventricle, and the pedunculus cerebri.

Veins of the Mid-brain.—The veins of the mid-brain terminate for the most
part either in the great cerebral vein (Galen) or in the basal veins.

Cerebellar Veins.—These veins also are divisible into two groups, the super-

ficial and the deep. The former are quite independent of and much more
numerous than the arteries. They form two sets, the superior and the inferior.

The superior superficial cerebellar veins terminate in a single median or vermian
efferent vessel which is sometimes double, and in several lateral efferents. The
superior vermian vein runs anteriorly aud ends in the great cerebral vein (Galen).

The lateral superior cerebellar veins terminate in the transverse sinuses or in

the superior petrosal sinuses.

The inferior superficial cerebellar veins also form a small vermian and numerous
lateral efferents ; the former runs backwards and joins either the straight sinus

or one of the transverse sinuses, and the latter end in the inferior petrosal and
occipital sinuses.

The deep cerebellar veins issue from the substance of the cerebellum and
terminate in the superficial veins.

Veins of the Pons.— The deep veins from the substance of the pons pass

forwards to its anterior surface, where they become superficial, and, anastomosing

together, form a plexus which is drained by superior and inferior efferent veins.

The superior efferent veins join the basal vein ; the inferior efferent veins either

unite with the cerebellar veins, or they open into the superior petrosal sinus.
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Veins of the Medulla Oblongata.—Deep veins of the medulla oblongata issue

from its substance and end in a superficial plexus. This plexus is drained by an
anterior and a posterior median vein and by radicular veins.

The anterior median vein is continuous below with the corresponding vein of the

spinal medulla ; it communicates above with the plexus on the surface of the pons.

The posterior median vein is continuous below with the posterior median vein

of the spinal medulla, from which it ascends to the lower end of the fourth

ventricle, where it divides into two branches which join the inferior petrosal sinus

or basilar plexus.

The radicular veins issue from the lateral parts of the plexus and run with the

roots of the last four cerebral nerves ; they end in the inferior petrosal and occipital

sinuses or in the upper part of the internal jugular vein.

Sinus Dur^ Mateis.

The venous sinuses of the cranium are spaces between the layers of the dura mater

;

and they are lined with an endothelium which is continuous with the endothelium
of the veins. They receive the veins of the brain, communicate frequently with the

Great cerebral vein (Galen)
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Fig. 787.—Dissection of the Head and Neck, showing the cnmial blood .sinuse.s and the upper part of

the internal jugular vein.

meningeal veins and with veins external to the cranium, and terminate directly or

indirectly in the internal jugular vein. Some of the cranial blood sinuses are
unpaired, others are paired.

Unpaired Sinuses.—These are the superior sagittal, the inferior sagittal, the
straight, the anterior and posterior intercavernDus, and the basilar.
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Sinus Sagittalis Superior.—The superior sagittal sinus commences in the
anterior fossa of the cranium, at the crista galli, where it communicates, through
the foramen cjiicum, with the veins of the nasal cavity or with the angular vein.
It passes backwards in the convex margin of the falx cerel)ri, grooving the
frontal, both the parietal bones, and upper part of the occipital. As it descends
along the occi])ital bone it usually passes slightly to the right side, and it ends.
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'I'he Lowek Blood Sinuses ok the Duka Mater.

In tlie specimen represented the superior sagittal sinus opened into both transverse sinuses and cliielly into

the left. The straight sinus also opeued into both transverse sinuses. The medial part of the left

transverse sinus was divided by a horizontal septum into upper and lower parts. The arrow in the

figure pa.sses below the septum.

at the level of the internal occipital protuberance, by becoming the right transverse

sinus. Instead of passing to the right, it occasionally turns to the left, and ends in

the left transverse sinus, and in some cases it bifurcates and ends in both transverse

sinuses. When it ends wholly in tlie right or the left transverse sinus its termina-

tion is associated with a well-marked dilatation, the conjluens sinuum, which is

lodged in a depression at one side of the internal occipital protuberance. The

confluens sinuum is connected, across the protuberance, by an anastomosing channel,

with a similar dilatation which marks the junction of the straight sinus with the
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Uteral sinus of the opposite side. Opening into the superior sagittal sinus are the

superior cerebral veins, and it communicates on each side by small openings with

a series of spaces in the dura mater, the lacunae laterales, into which the arach-

noideal granulations project. It also communicates, by emissary veins, which pass

through the foramen csecum and through each parietal foramen, with the veins on

the exterior of the cranium. Its cavity, which is triangular in transverse section,

is crossed by several fibrous strands called the chordae Willisii.

Sinus Sagittalis Inferior.—The inferior sagittal sinus lies, usually, in the posterior

two-thirds of the lower free margin of the falx cerebri. It terminates posteriorly

by joining with the great cerebral vein (Galen) to form the straight sinus. It

receives tributaries from the falx cerebri and from the medial surface of the

middle third of each cerebral hemisphere.

Sinus Intercavernosi.—The anterior intercavernous sinus is a small transverse

channel which crosses from one cavernous sinus to the other in the anterior border

of the diaphragma sellse.

The posterior intercavernous sinus also connects the two cavernous sinuses

together. It lies in the posterior border of the diaphragma sellse.

The anterior and posterior intercavernous sinuses and the intervening parts of

the cavernous sinuses form collectively the circular sinus.

Plexus Basilaris.—The basilar plexus (O.T. basilar sinus) is situated in the dura

mater on the basilar part of the occipital bones. It connects the posterior ends

of the cavernous or the anterior ends of the inferior petrosal sinuses together, and
communicates below with the anterior spinal veins.

Sinus Rectus.—The straight sinus is formed by the union of the inferior

sagittal sinus with the great cerebral vein (Galen). It runs downwards and
backwards, along the line of union between the falx cerebri and the tentorium

cerebelH. As a general rule it turns to the left at the internal occipital protuber-

ance, dilates somewhat, and becomes continuous with the left transverse sinus,

its dilatation being united with the corresponding dilatation on the lower end of

the superior sagittal sinus, the " confluens sinuum," by a transverse anastomosing

channel. Occasionally the straight sinus terminates in the right lateral sinus

;

in that case the superior sagittal sinus ends in the left transverse sinus; and
sometimes it bifurcates to join both transverse sinuses. It receives some of the

superior cerebellar veins and a few tributaries from the falx cerebri.

Paired Sinuses.—There are six pairs of sinuses, viz., the transverse, the occipital,

the cavernous, the superior petrosal, the inferior petrosal, and the spheno-parietal.

Sinus Transversi (O.T. Lateral Sinuses).—Each transverse sinus commences
at the internal occipital protuberance, the right usually as the continuation of the

superior sagittal, and the left as the continuation of the straight sinus. Each
passes laterally in the postero-lateral part of the attached border of the tentorium

cerebelli and in a groove in the occipital bone. From the lateral angle of the

occipital bone it passes to the posterior inferior angle of the parietal bone, which
it grooves ; then it leaves the tentorium and turns downwards on the inner surface

of the mastoid portion of the temporal bone ; from the latter it passes to the upper

surface of the jugular process of the occipital bone, and turns forwards and then

downwards into the jugular foramen, where it becomes continuous with the internal

jugular vein. The part which descends on the temporal bone and turns forwards

on the jugular process of the occipital is called the sigmoid sinus.

Its tributaries are some of the superior and inferior cerebellar veins, a posterior

diploic vein, and the superior petrosal sinus. It is connected with the veins out-

side the cranium by emissary veins which pass through the mastoid foramen and
the condyloid canal.

Sinus Occipitales.—The occipital sinuses lie in the attached border of the

falx cerebelli and in the dura mater along the postero-lateral boundaries of the

foramen magnum ; frequently they unite above and open by a single channel into

the commencement of either the right or the left transverse sinus, but their upper
extremities may remain separate, and then each communicates with the commence-
ment of the transverse sinus of its own side. On the other hand either the right or

the left sinus may be absent. Each opens below into the terminal part of the corre-



BLOOD SINUSES OF THE CRANIUM. 975

spending transverse sinus, and both communicate with the posterior spinal veins.

Each occipital sinus is an anastomosing channel between tlie upi)er and lower
extremities of the transverse sinus of the same side, and each receives a few inferior

cerebellar veins.

Sinus Cavernosi.—The cavernous sinuses lie at the sides of the body of the
sphenoid bone. Each sinus commences, anteriorly, at the medial end of the superior
orbital fissure, where it receives the corresponding ophthalmic vein.s, and it

terminates, at the apex of the petrous portion of tlie temporal bone, by dividing
into the superior and the inferior petrosal sinuses. Its cavity, which is irregular

in size and shape, is so divided by numerous fibrous strands that it assumes the
appearance of cavernous tissue ; and in its lateral wall are embedded the internal

carotid artery with its sympathetic plexus, the oculomotor, the trochlear, the
ophthalmic and maxillary divisions of the trigeminal and the abducent nerves. Its

tributaries are the ophthalmic vein, the spheno-parietal sinus and the inferior

cerebral veins, including the middle cerebral vein (O.T. superficial Sylvian vein).

It communicates with the opposite cavernous sinus by means of the anterior and
posterior intercavernous sinuses ; with the pterygoid plexus, in the infra-temporal
fossa, by an emissary vein which passes either through the foramen ovale or through
the foramen Vesalii ; with the internal jugular vein by small venous channels
which accompany the internal carotid artery through the carotid canal, and by the
inferior petrosal sinus ; with the transverse sinus by the superior petrosal sinus

;

and through the superior ophthalmic vein with the angular vein.

The spheno-parietal sinuses are lodged in the dura mater on the under surfaces

of the small wings of the sphenoid bone close to their posterior borders. Each sinus

communicates with the middle meningeal veins, receives veins from the dura mater,

and terminates in the anterior part of the corresponding cavernous sinus.

Sinus Petrosi Superiores.—Each superior petrosal sinus commences at the

apex of the petrous portion of the temporal bone, in the posterior end of the

corresponding cavernous sinus, and it runs backwards and laterally, in the attached

margin of the tentorium cerebelli, above the trigeminal nerve. It grooves the

superior angle of the petrous portion of the temporal bone, at the lateral end of

which it terminates in the transverse sinus, at the point where the latter is turning
downwards on the medial surface of the mastoid portion of the temporal bone. It

receives inferior cerebral, superior cerebellar, tympanic, and diploic veins.

Sinuus Petrosi Inferiores.—An inferior petrosal sinus commences at the

posterior end of each cavernous sinus ; it runs backwards, laterally, and downwards,
in the posterior fossa of the cranium, in a groove formed by the lower angle of

the petrous part of the temporal bone and the adjacent border of the basilar part

of the occipital bone, to the anterior compartment of the jugular foramen of the

same side, through which it passes. It crosses the last four cerebral nerves either

on their lateral or on their medial sides, and it terminates in the internal jugular

vein. Its tributaries include inferior cerebellar veins and veins from the internal

ear, which pass to it through the internal acoustic meatus, the aquaeductus cochleae,

and the aquteductus vestibuli.

Emissaria.—The emissary veins are veins which convey blood from the blood sinuses in the

interior of the cranium to the veins which lie outside the walls of the cranium. They may be

single veins, or plexiform channels surrounding other structures which are passing through the

Avails of the cranium.

(1) Frontal. —In the child, and sometimes in the adult, an emissary vein passes from the

anterior end of the superior .sagittal sinus through the foramen caecum. Its lower end divides

into two channels which either terminate in the veins of the roof of the na.'^l cavities or they

perforate the nasal bones and join the angular veins.

(2) Parietal.—The parietal emissary veins, one on each side, pass through the parietal foramina,

from the superior sagittal sinus to the occipital veins.

(3) Occipital.—An occipital emissary vein is only occasionally present. It passes from the
" confluens sinuum " through the occipital protuberance to one of the tributaries of an occipital

vein, and it receives the occipital diploic vein.

(4) Condyloid.—When the condyloid canals are present in the occipital bone each is traversed

by a condyloid emissary vein, which connects the lower end of the corresponding transverse sinus

with the plexus of veins in the sub-occipital triangle.

(5) Emissary Plexus of the Foramen Ovale.—This plexus surrounds the mandibular nerve, as

it passes through the foramen ovale, and connects the cavernous sinus with the corresponding
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pterygoid plexus in tlie infratemporal fossa. If the foramen Vesalii is present, the plexus of the

foramen ovale is replaced or supplemented by an emissary vein which passes through that foramen.

(6) Internal Carotid Plexus.—The internal carotid plexus accompanies the internal carotid

artery through the carotid canal of the temporal bone, and connects the cavernous sinus either

with the pharyngeal plexus or with the upper part of the internal jugular vein.

(7) Plexus of the Hypoglossal Canal.—As the hypoglossal nerve passes through the hypo-

glossal canal (O.T. anterior condyloid foramen) it is accompanied either by a venous plexus or by

a large vein which connects the veins of the medulla oblongata and the lower part of the occipital

sinus witli the upper end of the internal jugular vein, or with the extra-cranial part of the inferior

petrosal sinus.

Vertebeal Veins.

The vertebral veins include

—

(1) The basi-vertebral veins.

(2) The external vertebral plexuses.

(a) anterior „ „

(b) posterior „ „

(3) The internal vertebral plexus.

(4) Vertebral longitudinal sinuses,

(5) Intervertebral veins.

Venae Basivertebrales.—The basi-vertebral veins are venous channels, enclosed

by endothelial walls, which lie in the interiors of the bodies of the vertebree. They
communicate anteriorly with the plexuses of veins on the anterior surfaces of the

bodies of the vertebrae, and they converge, radially, towards the posterior surfaces

of the bodies of the vertebrae where they open into the transverse anastomoses

between the longitudinal vertebral sinuses.

Plexus Venosi Vertebralis Externi.—The external vertebral plexuses, (a)

anterior and (h) posterior.

(a) The anterior external vertebral plexuses are formed by anastomosing venous

channels which lie on the anterior surfaces of the vertebrae. They communicate

with the basi-vertebral veins and with the intervertebral veins.

(&) The posterior external vertebral plexuses lie around the postero-lateral aspects

of the vertebrae, in the vertebral grooves, around the spines, the articular and the

transverse processes of the vertebrae. They communicate with the internal plexuses

and with the intervertebral veins, and they open into the vertebral, intercostal, and
lumbar veins.

Sinus Vertebrales Longitudinales.—The Longitudinal Vertebral Sinuses.—The
veins in the interior of the vertebral canal form a network, the vertebral venous

network, which lies external to the dura mater and covers the internal surfaces

of the arches and the posterior surfaces of the bodies of the vertebrae. The network

communicates laterally with the intervertebral veins, posteriorly with the posterior

external venous plexuses, whilst anteriorly it receives the basi-vertebral veins. In

the anterior part of the network, on the posterior surfaces of the bodies of the

vertebrae, at the sides of the posterior longitudinal ligament, there are two large

longitudinal channels, the anterior longitudinal vertebral sinuses. Two less marked
longitudinal channels, the posterior longitudinal vertebral sinuses, can sometimes be

distinguished on the internal surfaces of the vertebral arches.

The anterior longitudinal vertebral sinuses communicate above with the basilar

plexus, the terminal parts of the transverse sinuses, and with the network of veins

which accompanies each hypoglossal nerve through the hypoglossal canal.

The posterior longitudinal vertebral sinuses, when they are well established,

communicate above with the occipital sinuses.

Venae Intervertebrales.— The Intervertebral Veins.—The internal vertebral

venous network is drained not only above into the cranial venous sinuses by the

longitudinal vertebral sinuses, but also by a series of intervertebral veins which pass

through the intervertebral foramina. In the cervical region the intervertebral veins

open externally into the vertebral veins, in the thoracic region into the intercostal

veins, in the lumbar region into the lumbar veins, and in the sacral region into the

lateral sacral veins. The intervertebral veins convey blood both from the internal

vertebral venous plexus and also from the anterior and the posterior external

vertebral plexuses.



THE AXILLARY VEIN. 977

The Veins of the Spinal Medulla.

. The veins of the spinal medulla issue from the substance of the spinal medulla, and
terminate in a plexus iu the pia mater. In that ])1gxus there are six longitudinal

channels— one antero -median, along the anterior lissure, two antero-lateral

,

immediately behind the anterior nerve -roots, two postero-lateral, immediately
posterior to the posterior nerve -roots, and one postero- median, dorsal to the

posterior septum. Radicular ederent vessels issue from the plexus, and pass along
the nerve roots to communicate with the internal vertebral venous network.
The veins of the spinal medulla vary very much in size, but they are largest on the

lower and on the posterior portions.

The postero-median and antero-mediau veins are continued above into the

corresponding veins of the medulla oblongata.

The antero-lateral and postero-lateral veins pour their blood partly into the

median veins and partly into the radicular veins ; indeed, the greater part of the

blood from the spinal medulla is returned by the radicular veins.

THE VEINS OF THE SUPERIOR EXTREMITY.

The veins of each upper limb are divisible into two sets—viz., superficial

and deep. Both sets open eventually into a common terminal trunk which is

known as the axillary vein. That vein is, therefore, the chief efferent vein of the

upper extremity. It is continued as the subclavian vein to the innominate vein,

through which its blood, together with that from the corresponding side of the head
and neck, reaches the superior vena cava.

The Deep Veins of the Upper Extremity.

The deep veins of the upper limb, with the exception of the axillary vein, are

arranged in pairs, venae comites, which accompany the different arteries and are

similarly named. So far as these veins are concerned it will be sufficient to state

that they are provided with valves, that they are situated one on each side of

the artery with which they are associated, and that they are usually united

together by numerous transverse anastomoses which cross the line of the artery.

The axillary vein, however, requires more detailed consideration.

Vena Axillaris.

The axillary vein (Figs. 766 and 806) commences, as the direct continuation

of the basiUc vein, opposite the lower border of the teres major muscle. It passes

upwards and medially, through the axilla, along the medial side of the axillary

artery, and terminates, at the external border of the first rib, by becoming the

subclavian vein. It possesses one or more bicuspid valves of which one is usually

situated opposite the lower border of the subscapularis muscle.

Relations.—Its anterior relations are similar to those of the axillary artery, but, in

addition, the vein is crossed anteriorly, under cover of the clavicular part of the pectoralis

major, by the pectoral branches of the thoraco-acroniial artery, and by brunches of the

medial anterior thoracic nerve, and it receives anteriorly, just above the upper border

of the pectoralis minor, the termination of the cephalic vein.

Posterior to it are the muscles which form the posterior wall of the axilla, the axillary

fat, and the first serration of the serratus anterior. The long thoracic nerve intervenes

between it and the serratus anterior, and the subscapular and thoraco-dorsal nerves and

the subscapular artery pass between it and the subscapularis.

It is separated from the third part of the axillary artery by the ulnar nerve and

medial cutaneous nerves of the forearm ; from the second part of the axillary artery

by the medial cord of the brachial plexus ; and in the proximal part of the axilla, behind

the costo-coracoid membrane, it is separated from the first part of the artery by the medial

anterior thoracic nerve. To its medial side lie the lateral set of axillary glands, and,

in the distal part of the axilla, the medial cutaneous nerve of the arm.

63
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Tributaries.—lu addition to tributaries corresponding with the branches of the

axillary artery, it receives the vente comites of the brachial artery, at the lower border

of the subscapularis ; and the cephalic vein, which joins it above the upper border of the

pectoralis minor muscle.

Tributaries of cephalic vein

Tributarj"- of

cephalic vein

The Superficial Veins of the Superior Extremity.

The superficial veins of the upper limb commence in the superficial fascia of

the palm and dorsum of the hand and of the digits.

The Veins of the Digits and Hand.—The special volar digital veins are two or

more fine longitudinal channels which lie in the superficial fascia of the volar

aspects of the
digits. They com-
municate, proxim-

ally, with a fine

venous network
which lies in the

superficial fascia of

the palm, and, at

the proximal ends

of the interdigital

clefts, by means
of intercapitular

veins, which pass

dorsally between
the heads of the

metacarpal bones,

they open into

the special dorsal

digital veiiis.

The special

dorsal digital veins,

two in each digit,

anastomose freely

together on the

dorsal aspects of

the digits. At the

proximal ends of

the interdigital

clefts they com-
municate, through
the intercapitular

veins, with the

special volar digi-

tal veins, and then

they unite to-

gether to form an
indefinite series of

dorsal metacarpal

Fia. 789. —SuPERKiciAL Veins on the Doiwum ok the Hand and Dujits. ve%ns whlch ter-

minate, a little

distal to the middle of the dorsum of the hand, in a dorsal venous arch.

The Veins of the Forearm and Arm.—The veins of the forearm emerge from the

dorsal venous arch and from the volar venous plexus, and they vary considerably

in number and in size. As a rule there are two main longitudinal channels, the

cephalic vein on the radial side and the lasilic vein on the ulnar side. In some

cases there is an additional median vein on the volar aspect of the forearm.

The cephalic vein commences in the radial end of the dorsal venous arch. It

receives the metacarpal veins of the thumb, turns round the radial margin of
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Costo-corai'oid n

the distal part of the forearm, and runs proximally, parallel with the volar border

of the bracliioradialis muscle, to the cubital recrioii. There, frequently much
reduced in size, it turns latt'ially and runs,

along the lateral border of the prominence

of the biceps, to the interval between the

tleltoid and pectoralis major, along which

it ascends to the delto-pectoral triangle.

At the delto- Electoral triangle it turns

medially, between the pectoralis minor and

the pectoralis major, to the anterior aspect

of the costo-coracoid membrane, which

separates it from the front of tiie first part

of the axillary artery ; then, turning back-

wards, it pierces the costo-coracoid mem-
brane and ends in the axillary vein. In

a few cases instead of piercing the costo-

coracoid membrane it crosses the front of

the clavicle, deep to the platysma, pierces

the deep cervical fascia, and joins the lower

part of the external jugular vein.

As it runs proximally, on the volar

asnect of the forearm, a number of tribut-

aries join its lateral border. Some of these

commence in the dorsal venous arch of the

hand and others in the superficial fascia of

the dorsal aspect of the forearm.

In the cubital region it is connected

with the basilic vein by a large obliquely

placed anastomosing channel, the median
cubital vein, which runs along the medial

border of the distal part of the biceps pro-

minence, superficial to the lacertus tibrosus

which separates it from the distal part of

the brachial artery. In the delto-pectoral

triangle it is joined by tributaries which
correspond with the acromial and pectoral

branches of the thoraco-acromial artery.

The median cubital vein not only con-

nects together the cephalic and basilic

veins Imt it receives also the profunda vein

which pierces the deep fascia and connects

it with the deep veins of the forearm, and
one or more superficial veins, of varying size

which pass, proximally, along the volar

aspect of the forearm.

In many cases the median cubital vein

is relatively very large, and in such cases

the more proximal part of the cephalic

vein, which lies in the arm, is a compara-
tively small vessel.

The basilic vein commences in the ulnar

end of the dorsal venous arch of the hand.

It runs along the dorsal aspect of the

forearm to the junction of the proximal

and middle thirds, where it turns round

the ulnar border of the forearm, and runs, anterior to the medial epicondyle of the

humerus, to the medial bicipital groove. At the middle of the arm, it pierces

the deep fascia. After piercing the fascia, it runs proximally, along the medial

border of the brachial artery, to the axilla, and there becomes the axillary vein.

Fig. 790.—SUPKUHCIAL VkINS on the FLE.XOH

Aspect of the Upper Extremity.
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As it runs proximally, in the forearm, it is joined by tributaries from both

the volar and dorsal aspects and, in the cubital region, by the median cubital

vein which connects it

with the cephalic vein.

The Median Vein of

the Forearm.—In a cer-

tain number of cases a

vein, which commences
in the palmar venous

plexus, runs along the

middle of the volar

aspect of the forearm to

the cubital region. It is

called the median vein

of the forearm. At the

bend of the elbow it

receives the profunda

vein and then divides

into two branches, the

median cephalic and the

median basilic veins

(Fig. 791). Themed^V^
cephahc vein runs aloiig

the lateral bicipital

sulcus and joins the

cephalic vein. The
median basilic passes

along the medial bi-

cipital sulcus and joins

the basilic vein. When
the median vein of the

forearm is present the

median cubital vein is

absent.

When venesection

is performed in the fore-

arm it is either the median cubital vein or, in its absence, the median basilic vein

which is opened.

Brachialis
muscle

Biceps muscle

Cephalic vein

Radial
recunent artery

Lateral
cutaneous nerve

of forearm

Median cephalic
vein

Accessory
radial vein

Brachio-radialis
muscle

Radial arter

Median veiA'

of forearm

Cephalic vei

—Basilic vein

Medial—cutaneous
nerve of foreann

- -Basilic vein

—Median nerve

Brachialis
muscle
Brachial
artery

Median basilic

vein

Lacertus
fibrosus

Accessory ulnar
vein

—Ulnar artery

_ Profunda
vein

Pronator teres

muscle

Fig. 791.

—

Superficial Veins at the Bend of the Elbow.

VENA CAVA INFERIOR AND ITS TRIBUTARIES.

The inferior vena cava (Fig. 792) is a large venous trunk which receives the

whole of the blood from the lower extremities, and the greater part of the blood

from the walls and contents of the abdomen and pelvis. It commences opposite

the right side of the body of the fifth lumbar vertebra, behind and to the right of

the right common iliac artery. It ascends through the abdomen, anterior and to the

right of the vertebral column and the right crus of the diaphragm, and it pierces

the cupola of the diaphragm, between the middle and right sections of the central

tendinous leaflet, at the level of the lower part of the eighth thoracic vertebra. It

then enters the middle mediastinum, pierces the fibrous pericardium, and terminates

in the lower and posterior part of the right atrium. Its intra-thoracic portion is

very short, and its intra -pericardial portion, which is still shorter, is covered

anteriorly and on its right and left sides by the parietal portion of the serous layer.

Attached to the inferior and anterior margin of its atrial orifice is the valve of

the inferior vena cava (Eustachian). This is a remnant of an important fold of

endocardium by which, in the foetus, the blood from the inferior vena cava is

directed, through the foramen ovale, into the left atrium.

Relations.—The inferior vena cava is in relation, posteriorly/, with the bodies of the
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lower lumbar vertebra) and the corresponding part of the anterior longitudinal ligament, the

anterior portion of the right psoas major muscle, the right lumbar sympathetic trunk, the

roots of the right lumbar arteries, the riglit crus of the diaphragm, the right renal artery,

the right suprarenal artery, the right ccjuliac ganglion, the right inferior plirenic artery, and

the medial and upper portion of the riglit suprarenal gland.

Anterior to it, from below upwards, are the following structures—^the right common

iliac artery, the lower end of the mesentery and the superior mesenteric artery, the right

IJHl)atic veins

Inferior phrenic artery

Suprarenal gland

Inferior vena cava

Renal artery

Renal vein

:^'.ight ovarian vein

Ovarian artery

Ureter

Psoas major muscle

Ascending colon

Common iliac vein
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Middle sacral artery
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External iliac
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ment (O.T.
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Fig. 792.—The Inferior Vena Cava and its Tributaries.

internal spermatic artery and the third part of the duodenum, the head of the pancreas,

the portal vein and the first part of the duodenum, the foramen epiploicum, and the

posterior surface of the liver. More superficially are coils of small intestine, the great

omentum, and the transverse colon and mesocolon.

To its left side are the aorta and the right crus of the diaphragm.

On its right side, below, is the right ureter, whilst at a higher level the right kidney

is separated from the vein by a short interval only.

Tributaries.—In addition to the two common iliac veins, by the union of which it is

formed, and through which it receives blood from the pelvis and from the lower extremi-

ties, the inferior vena cava receives the following tributaries :—The hepatic veins, the
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right inferior phrenic vein, the right suprarenal vein, the right and left renal veins, the

right internal spermatic vein, and the right and left lumbar veins.

Venae Hepaticae (Fig. 792).—The hepatic veins convey blood which has

passed through the liver from the portal veins and from the hepatic artery, and
they open into that portion of the inferior vena cava which lies immediately below

the diaphragm, and behind the right lobe of the liver. They form two groups, an
upper group of two or three large trunks, and a lower group of smaller veins.

The upper group occasionally consists of only two veins, a right and a left

;

more frequently there are three vessels, a right, a left, and a middle vein, and in

the latter case the middle vein issues from the caudate lobe (Spigelian).

The veins of the lower group vary in number from six to twenty ; they return

blood from the right and caudate lobes.

The hepatic veins commence in the interiors of the lobules of the liver as

central veins ; the central veins issue from the upper and posterior aspects of the

lobules, and unite together to form interlobular veins ; and the interlobular veins

unite with one another, as they converge towards the posterior surface of the liver,

to form the larger hepatic veins.

Venae Phrenicae Inferiores.—The inferior phrenic veins are formed by
tributaries which issue from the substance of the diaphragm. The right inferior

phrenic vein terminates in the upper part of the inferior vena cava. The left

vein passes posterior to the oesophagus, and usually terminates in the left supra-

renal vein. Jk
Venae Suprarenales.—A single suprarenal vein issues from the hilum on the

anterior surface of each suprarenal gland ; the right vein terminates in the inferior

vena cava ; the left usually ends in the left renal vein, but sometimes it opens

directly into the inferior vena cava.

Venae Renales.—Each renal vein is formed by the union of j&ve or six tribu-

taries which issue from the hilum of the kidney, where they lie anterior to or are

intermingled with the corresponding arteries.

The right renal vein is about 25 mm. (one inch long) ; it passes posterior to

the descending part of the duodenum, and terminates in the right side of the

inferior vena cava.

The left renal vein is about 75 mm. long. It crosses anterior to the left psoas

major, the left crus of the diaphragm, and the aorta immediately below the superior

mesenteric artery. It lies behind the pancreas and the ascending part of the

duodenum, and, running above the transverse part of the duodenum, terminates in

the left side of the inferior vena cava. The left testicular or ovarian vein, accord-

ing to the sex, and almost invariably the left suprarenal vein, open into it.

Venae Lumbales.—There are usually four limibar veins on each side, one

with each lumbar artery; the vein with the subcostal artery is not included

in this number. By their anterior and posterior branches the lumbar veins

drain the lateral and posterior walls of the abdomen. The anterior branches

commence in the lateral walls of the abdomen, where they communicate with the

superior and inferior epigastric veins. The posterior divisions issue from the

muscles of the back, in the lumbar region, and receive tributaries from the spinal

plexuses. The main stems pass forwards on the bodies of the vertebrae ; on each

side they run postero-medial to the psoas major muscle, whilst those of the

left side also pass posterior to the aorta. They terminate in the posterior part of

the inferior vena cava. Not uncommonly the con-esponding veins of opposite sides

unite together to form a single trunk which enters the back of the inferior vena

cava. All the lumbar veins, of each side, are united together by a longitudinal

anastomosing vessel, the ascending lumbar vein.

The Ascending Lumbar Vein.—Each ascending lumbar vein passes upwards,

between the psoas major and the roots of the transverse processes of the lumbar

vertebrae. It commences in the lateral sacral vein of the same side, anastomoses

with the ilio-lumbar vein, connects the lumbar veins together, receives tributaries

from the anterior external vertebral plexus and anastomoses with the inferior vena

cava and the renal vein. The right ascending lumbar vein terminates in the

azygos and the left in the hemiazygos vein.
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Venae Testiculares.—The testicular veins, on each side, issue from the testis

and epididymis and form a plexus, the pamptJii/onn ylexus. The plexus is one

of the constituents of tlie spermatic cord, and consists of from eight to ten veins,

most of which lie anterior to the ductus deferens ; it passes upwards through the

scrotum and inguinal canal, and, near the abdominal inguinal ring, terminates in

two main trunks which ascend, with the corresponding testicular artery, for some
distance, receiving tributaries from the ureter; ultimately the two veins unite

toijether and a sinjxle terndnal vein is formed. The terminal testicular vein on

the right side opens into the inferior vena cava, that on the left side into the left

renal vein. The left testicular vein is longer than the right, the left testis being

lower than the right, and the termination in the left renal vein being at a higher

level than the termination of the right vein in the inferior vena cava. The
testicular veins, on each side, lie anterior to the psoas major muscle and the ureter.

They are covered by peritoneum, and they are crossed on the right side by the

termination of the ileum and the third part of the duodenum, and on the left side

by the iliac colon and the lower part of the pancreas. They are provided with

valves, one of which usually lies at the terminations of each vein, but, occasionally,

the valve at the orifice of the left testicular vein is absent.

Venas Ovaricae.—The ovarian veins, on each side, issue from the hilum in the

anterior border of the ovary. They pass between the layers of the broad hgament,

where they anastomose freely and form the pmnpiniform plexus, which extends,

laUirally, towards the upper margin of the pelvis minor. From the plexus two
ve^ issue which accompany the corresponding ovarian artery ; they pass anterior

to the external ihac artery, and then upwards, behind the peritoneum and anterior

to the psoas major muscle and ureter. The veins of the right side, like the corre-

sponding testicular veins, also pass behind the termination of the ileum and the

third part of the duodenum ; whilst the left veins, near the margin of the pelvis

minor, pass behind the commencement of the pelvic colon.

The two veins on each side ultimately fuse together to form a single terminal

vein which ends, on the right side in the inferior vena cava, and on the left side in

the left renal vein.

VENiE iLiACiE Communes.

The common iliac veins (Figs. 777 and 792), right and left, are formed by the

union of the corresponding external iliac and hypogastric veins. Each commences
at the superior aperture of the pelvis minor, immediately posterior to the upper

part of the hypogastric artery of its own side, and both vessels pass upwards to

the right side of the body of the fifth lumbar vertebra, at the upper part of

which, posterior and lateral to the right common iliac artery, they unite together

to form the inferior vena cava.

The right common iliac vein is much shorter than the left ; it passes anterior

to the obturator nerve and the ilio-lumbar artery, and at first posterior and then

somewhat to the lateral side of the corresponding common iliac artery.

The left common iliac vein is much longer than the riglit, and is also placed

more obliquely. It passes upwards and to the right, anterior to tlie body of the fifth

lumbar vertebra, and the middle sacral artery. For some distance it runs along

the medial side of the left common iliac artery, and then passes posterior to the

right common iliac artery. It also passes posterior to the mesentery of the pelvic

colon and the superior haemorrhoidal vessels.

Tributaries.— Each common iliac vein receives tlie corresponding external iliac,

hypogastric and ilio-lumbar veins. The left common iliac vein receives, in addition,

the middle sacral vein.

The iliolumbar veins receive tributaries from the iliac fossa, from the lower parts of

the vertebral muscles, and from the vertebral canal. There is a single vein on each side

which accompanies the corresponding artery. It passes posterior to the psoas major

'^4nuscle and terminates in the corresponding common iliac vein.

\ Vena Sacralis Media.—The venaj comites of the middle sacral artery commence by

the union of tributaries which issue from the venous plexus in front of the sacrum,

63 a
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througli which they communicate with the lateral sacral veins and receive blood from the

interior of the sacral canal. They unite, above, into a single middle sacral vein, which
terminates in the left common iliac vein.

Vena Hypogastrica.

—

The hypogastric vein (Fig. 7*77) is a short trunk formed
by the union of tributaries which correspond to all the branches of the hypogastric

arbery, with the exception of the umbilical and the ilio-lumbar branches.

It commences at the upper border of the greater sciatic notch, and ascends to the

aperture of the pelvis minor ; there it unites with the external iliac vein to form the

common iliac vein. It lies immediately postero-medial to the hypogastric artery,

is crossed laterally by the obturator nerve, and is in relation medially, on the left

side with the pelvic colon, and on the right side with the lower part of the ileum.

Tributaries.—The tributaries, which are numerous, are conveniently divisible into

extra-pelvic and intra-pelvic groups.

The extra-pelvic tributaries are all parietal, and include the obturator, internal

pudendal, inferior, and superior glutaeal veins.

Obturator Vein.—This vein is formed by the union of tributaries which issue from
the hip-joint and from the muscles of the proximal and medial part of the thigh. It

enters the pelvis minor through the obturator canal, runs backwards, along the lateral

wall of the pelvis minor, lying medial to the pelvic fascia, immediately below the corre-

sponding artery, and, passing between the hypogastric artery on the lateral side and the

ureter on the medial side, it terminates in the hypogastric vein.

Inferior Gluteal Veins (O.T. Sciatic).—The venee comites of the inferior glltoal

artery commence in the subcutaneous tissues on the back of the thigh ; they ascend with
the artery, and pass into the buttock on the deep aspect of the glutseus maximus, where
they receive numerous tributaries from the surrounding muscles. Entering the pelvis,

through the greater sciatic foramen, they unite into a single vessel, which terminates in

the lower and anterior part of the hypogastric vein below the termination of the obturator

vein.

Superior Gluteal Veins (O.T. Glutaeal).—The vense comites of the superior gluteal

artery are formed by tributaries which issue from the muscles of- the buttock. They
accompany the artery through the greater sciatic foramen, and terminate in the hypogastric

vein ; they frequently unite together before reaching their termination.

Internal Pudendal Veins.—The vense comites of the internal pudendal artery commence
by tributaries which emerge from the pudendal plexus, which lies below and posterior to

the arcuate ligament of the pubis and constitutes the anterior part of the prostatic plexus.

They receive blood from the corpus cavernosum penis, or the corpus cavernosum clitoridis,

by the deep vein of the penis or clitoris. They follow the course of the internal

pudendal artery, and usually join together into a single vessel (the internal pudendal
vein) which terminates in the hypogastric vein. They receive as tributaries the veins

from the bulb, the perineal and inferior htemorrhoidal veins, and veins from the muscles
of the buttock.

The inferior haemorrhoidal veins, which commence in the substance of the external

sphincter of the anus and in the walls of the anal canal, anastomose with the middle and
superior hajmorrhoidal veins, and consequently connect the lowest parts of the portal and
vena caval systems together.

The intra-pelvic tributaries of the internal iliac vein are either (a) parietal or

(i) visceral ; the former comprises the lateral sacral veins, the latter includes the

efferent vessels from the plexuses around the several pelvic viscera.

(a) Parietal : Lateral sacral veins accompany the lateral sacral arteries, and
terminate on each side in the postero-medial wall of the corresponding hypogastric vein.

{b) Visceral tributaries are derived from the rectum and from the plexuses associated

with the uterus, vagina, bladder, and prostate. They include the middle hajmorrhoidal,

the uterine, the vaginal, and the vesical veins.

The middle haemorrhoidal veins are very irregular; sometimes they cannot be
distinguished. When present they are formed by tributaries which commence in the

submucous tissue of the rectum, where they communicate with the superior and inferior

hajmorrhoidal veins in the hsemorrhoidal plexus ; they pass through the muscular coat,

and fuse together to form two middle hsemorrhoidal veins, right and left, each of which
runs laterally, beneath the peritoneum, on the upper surface of the levator ani, to

terminate in the corresponding hypogastric vein. In the male each middle ha;morrhoidal
vein receives tributaries from the seminal vesicle and ductus deferens of its own side.
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Uterine Plexuses and Veins.

—

The uterine plexuses lie along the borders of the
uterus; they receive tributaries, which are entirely devoid of valves, from the uterus;
Hud they couiniunicute above with the ovarian, and below with the vaginal plexuses.

Tlie uterine veins, usually two on each side, issue from the lower parts of the uterine

plexuses, above their comnuuiieations with the vaginal plexuses. At first the uterine
veins, ou each side, lies in the medial part of the base of the broad ligament, above the
lateral fornix of the vagina and the ureter; then they pass backwards, accompanying the
corresponding artery, in a fold of peritoneum which lies between the back of the broad
ligament and the recto-uterine fold ; finally they ascend in the floor of the ovarian fossa,

and terminate in the corresponding hypogastric vein.

Vaginal Plexuses and Vaginal Veins.—Tlie vaginal plexuses lie at the sides

of the vagina. They receive tributaries from tiie walls of the vagina, and communicate
with the uterine plexuses above, and with the veins of the bulb below ; anteriorly, with the

vesical plexus ; and posteriorly with the veins w hich issue from the middle and lower parts

of the hiemorrhoidal plexus. A single vaginal vein issues from the upjjer jiart of the

vaginal plexus on each side ; it accompanies the corresponding artery, and terminates

in the hypogastric vein.

Superior Vesical Plexus.—The superior vesical plexus of veins lies on the outer

surface of the muscular coat of the bladder, at the fundus and the sides. It receives

tributaries from the nuicous and muscular walls, and its efferent vessels terminate in the

prostatico-vesical plexus in the male, and in the inferior vesical plexus in the female.

PrOStatico-vesical Plexus.—This plexus is distributed around the prostate and the

neck of the bladder, and is enclosed between the proper fibrous capsule of the prostate
.

"

.'' its sheath of recto-vesical fascia. Anteriorly it is continuous w ith the pudendal
plexus which receives the dorsal vein of the penis

;
postero-superiorly it communicates

with the superior vesical plexus, and receives tributaries from the seminal vesicles and
deferent ducts. One or more efferent vessels pass from it on each side and open into

the corresponding hypogastric vein.

The inferior vesical plexus of the female, which represents the prostatico-vesical

plexus of the male, surrounds the upper part of the urethra and the neck of the bladder.

It is contiiuious with the j)udendal plexus which receives the dorsal vein of the clitoris,

and its efferent vessels terminate in the hypogastric vein.

Dorsal Veins of the Penis.—There are two dorsal veins of the penis— the

superficial and the deep.

The superficial dorsal vein receives tributaries from the prepuce, and runs backwards,

immediately beneath the skin, to the symphysis, where it divides into two branches which
terminate in the superficial external pudendal veins.

The deep dorsal vein lies on the dorsum of the penis, deep to the deep fascia. It

commences in the sulcus behind the glans, by the union of numerous tributaries from

the glans and the anterior parts of the corpora cavernosa penis ; and it runs backwards in

the mid-dorsal line, in the sulcus between the corpora cavernosa penis from which it

receives many additional tributai'ies. At the root of the penis the vein passes between the

two layers of the suspensory ligament, and then between the arcuate ligament and the

deep transvei^se ligament of the perineum, where it lies above the membranous part of

the urethra. It terminates by dividing into two branches which join the pudendal plexus.

The dorsal vein of the clitoris in the female has a similar course to that of the deep

dorsal vein of the penis in the male. It terminates in the pudendal plexus.

THE VEINS OF THE INFERIOR EXTREMITY.

The veins of the inferior extremity, like those of the superior extremity, are

arranged in two groups, the superficial and the deep ;
and in the lower as in the

upper limb the deep veins are associated with the arteries as venae comites, whilst

the trunks of the superticial veins, which he, at first, in the subcutaneous tissues

ultimately terminate in the deep veins. There is, therefore, a general similarity in

the arrangement of the veins of the upper and the lower limbs, but there are

differences in the details of the arrangement which are of some importance. Thus,

in the superior extremity, there are two deep veins with each artery from the

fingers to the root of the limb, where a single trunk, the axillary vein, is formed

;

but ia the inferior extremity each main artery has two venae comites only as far as

the middle of the limb, where a single trunk is frequently formed. That vessel,

the popliteal vein, is the commencement of the main venous stem of the lower
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extremity ; it is continued proximally, through the thigh, as the femoral vein, and
along the upper margin of the pelvis minor as the external iliac vein, which
terminates by uniting with the hypogastric vein to form the common iliac vein.

Further, the superficial veins of the upper limb are more numerous than those

of the lower limb, for in the arm there are two main superficial veins, and in the

thigh only one.

In the upper limb the blood which passes through the superficial veins is poured

into the efferent trunk vein at the root of the limb—that is, into the axillary vein
;

but in the lower limb the blood from the superficies of the lateral parts of the leg

and foot passes into the commencement of the main efferent vein, the popliteal

vein, at the middle of the limb^that is, in the region of the knee, whilst the

blood from the superficial parts of the medial aspect of the lower limb is poured

into the femoral vein near the root of the limb in the upper part of the femoral

trigone.

In addition to the above-mentioned differences in the general arrangement of the

veins of the superior and the inferior extremities, it must be noted also that in the

superior extremity all the blood of the limb, both that from the shoulder-girdle region

as well as that from the free portion of the limb, is returned to the main efferent

venous trunk ; but in the inferior extremity the greater part of the blood from

the region of the pelvic girdle, and a considerable portion from that of the thigh, is

returned by the glutseal, obturator, and pudendal veins to the hypogastric vein,

which is not the main efferent vein of the inferior extremity.

The Deep Veins of the Inferiok Extremity.

All the arteries of the lower limb, except the popliteal and femoral trunks, are

accompanied by two vence comites. They usually lie one on each side of the

artery ; they are connected with one another by transverse channels which pass

across the Line of the artery, and they are provided with numerous valves.

Vena Poplitea.—The popliteal vein (Figs. 776, 780, 781) is formed, at the

distal border of the popliteus muscle, by the union of the vense comites of the

anterior and posterior tibial arteries. At its commencement it lies to the medial
side of and somewhat superficial to the popliteal artery, and to the lateral side

of the tibial (O.T. internal popliteal) nerve. As it runs through the popliteal

fossa it inclines towards the lateral side of the artery, and in the middle of the

space it is directly posterior to the artery, separating the artery from the tibial

nerve, which is still more posterior, whilst at the proximal end of the space it is to

the lateral side of the artery, and still between it and the tibial nerve. It then
passes through the adductor magnus muscle and becomes the femoral vein.

The popliteal vein, which is provided with two or three bicuspid valves, is closely

bound to the artery by a dense fascial sheath. Not uncommonly there are one or

more additional satellite veins which anastomose with the popliteal vein, and in

those cases the artery is more or less completely surrounded by venous trunks.

Tributaries.—In addition to the vense comites of the anterior and posterior tibial

arteries, it receives tributaries which correspond with the branches of the popliteal artery,

and it also receives one of the superficial veins of the leg, viz., the small saphenous vein.

Vena Femoralis.—The femoral vein is the direct continuation of the popliteal

vein. It commences at the junction of the middle and distal thirds of the thigh,

at the opening in the adductor magnus muscle. It then ascends, through adductor

canal (Hunter's), and through the femoral trigone, and terminates, a little to the

medial side of the middle of the inguinal ligament (Poupart's), by becoming the

external iliac vein.

In the adductor canal it lies at first postero-lateral to the femoral artery, and
anterior to the adductors magnus and longus which separate it from the profunda
vessels. In the distal part of femoral trigone it is postero-medial to the artery,

and immediately anterior to the profunda vein which separates it from the
profunda artery, but in the proximal part of the femoral trigone it is directly on
the medial side of the femoral artery. About 37 mm. (one and a half inches) below
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the inguinal ligament it enters the middle compartment of the femoral sheath,
through which it ascends to its termination, lying between the compartment for

the femoral artery on the lateral side and the femoral canal on the medial side.

It usually contains two bicuspid valves—one near its termination and the
other just proximal to the entrance of its profunda tributary.

Tributaries.— It receives tributaries which corre8|K>nd with the branches of the
femoral artrry and the larger of the two supei-ficial veins of the lower extremity, viz., the
great s;iphcnous vein, which enters the femoral vein where that vessel lies in the middle
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compartment of the femoral sheath, and, not uncommonly, it is joined by the medial and
lateral circumflex veins.

Vena Iliaca Externa.—The external iliac vein (Figs. 773, 774, and 777) is the

upward continuation of the femoral vein. It commences, on the medial side of the

termination of the external iliac artery, immediately posterior to the inguinal

ligament, and ascends, along the aperture of the pelvis minor, to a point opposite the

sacro-iliac joint, and at the level of the lumbo-sacral articulation, where it ends,

immediately behind the hypogastric artery, by joining the hypogastric vein to

form the common iliac vein. It lies, at first, on the medial side of the external

iliac artery, but on a somewhat posterior plane, and then directly posterior to the

artery, whilst just before its termination it crosses the lateral side of the hypo-
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gastric artery, and separates that vessel from the medial border of the psoas

major muscle. In its whole course the vein Ues anterior to the obturator nerve.

It is usually provided with one bicuspid' valve; sometimes there are two, but both
are usually incompetent. Its tributaries

correspond to the branches of the ex-

ternal iliac artery; that is, the deep
circumflex iliac and inferior epigastric

veins open into it, close to its com-
mencement, whilst, in addition, it fre-

quently receives the pubic vein.

The pubic vein forms a communica-
tion between the obturator vein and the

external iliac vein. It varies in size,

and may form the main termination of

the obturator vein, from which it arises.

Commencing in the obturator canal,

it ascends, along the pubic branch of

the inferior epigastric artery, to reach

the external iliac vein.

Superficial epigastric vein
Superficial circumflex
iliac vein
Superficial external
pudendal vein

Femoral vein

Great saphenous vein

Lateral superficial

femoral vein

Medial superficial

femoral vein

Great saphenous vein

The Superficial Veins of the
Inferior Extremity.

The superficial veins of the lower

limb terminate in two trunks, one of

which, the small saphenous vein, passes

from the foot to the popliteal space;

whilst the other, the great saphenous vein,

extends from the foot to the groin.

The superficial veins of the sole of

the foot form a fine plexus, immediately

under cover of the skin, from which
anterior, medial, and lateral efferents

pass. The anterior efferents terminate

in a transverse arch which hes in the

furrow at the roots of the toes, and the

medial and lateral efferents pass round
the sides of the foot to the great or small

saphenous veins. The transverse arch

receives al^o small plantar digital veins

from the toes, and it communicates by
intercapitular veins with the veins on the

dorsum of the foot.

The superficial veins on the dorsal

aspect of each toe unite to form two
dorsal special digital veins, which run

along the borders of the dorsal surface.

The special dorsal digital veins of the

adjacent borders of the interdigital clefts

unite, at the apices of the clefts, to form

four dorsal metatarsal veins which ter-

minate in the dorsal venous arch. The
dorsal digital vein from the medial side of

the great toe ends in the great, and that

from the lateral side of the little toe in the small saphenous vein.

Arcus Venosus Dorsalis Pedis.—The dorsal venous arch lies in the subcutaneous

tissue, between the skin and the dorsal digital branches of the superficial peronseal

"

nerve, opposite the anterior parts of the bodies of the metatarsal bones. It ends,

medially, by uniting with the medial dorsal digital vein of the great toe to form

Great saphenous vein

. Dorsal venous arch

Fig. 794. -The Great Saphenous Vein and its

Tribdtaribs.
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the great saphenous vein, and laterally by joining the lateral dorsal digital vein
of the little toe to form the small saphenous vein. The dorsal venous arch
receives the dorsal metatarsal veins ; interdigital efferents from the Y)lantar trans-

verse arch ; and numerous tributaries from the dorsum of the foot, which anastomose
freely together forming a wide-meshed dorsul venous j)lexu8, open into it jiosteriorly.

Vena Saphena Magna.—The great saphenous vein is fonned by the union of

the medial extremity of the dorsal venous

arch with the medial dorsal digital vein of

the great toe. It passes anterior to the

medial malleolus, crosses the medial surface

of the distal third of the body of the tibia,

and ascends, immediately posterior to the

medial margin of the tibia, to the knee,

where it lies just posterior to the medial

condyle of the femur; continuing proximally,

with an inclination forwards and laterally, it

gains the proximal part of the femoral tri-

gone, where it perforates the fascia cribrosa

and the femoral sheath to reach its termina-

tion in the femoral vein. In the foot and
leg it is accompanied by the saphenous nerve,

and for a short distance distal to the knee
by the superficial or saphenous branch of the

arteria genu suprema. In the thigh, branches

of the medial cutaneous nerve (O.T. internal)

lie in close relation with it. It contains from
eight to twenty bicuspid valves.

Tributaries. — It communicates freely,

through the deep fascia, with the deep inter-

muscular veins. In the foot, it receives tribu-

taries from tlie medial part of the sole and from
the dorsal venous plexus. In the leg it is joined

by tributaries from the dorsum of the foot, the

medial and posterior parts of the heel, the front

of the leg and the back of the calf, and it anasto-

moses freely with the small saphenous vein. In

the thigh it receives numerous tributaries, and
amongst them are two superficiaj femoral veins.

Of these, the lateral ascends from the lateral

side of the knee and terminates in the great

saphenous vein at the distal part of the femoral

trigone ; the other, the medial, ascends from the

posterior aspect of the thigh, along its medial

side, and terminates in the great saphenous vein

near the fossa ovalis. In many cases the medial

superficial femoral vein commxmicates distally

with the small saphenous vein, and when that

condition exists the medial superficial femoral vein is called the accessori/ mphenou^
vein. The last tributaries to enter the great sa])henous vein are the superficial circumflex

iliac, superficial epigastric, and superficial external pudendal veins. They accompany
the corresponding arteries, and terminate in tlic great saplieiious vein immediately

before it perforates the fascia cribrosa.

The superficial circumflex iliac vein receives blood from the lower and lateral part

of the abdominal wall and tlie proximal and lateral parts of the thigh. The superficial

epigastric vein drains the lower and medial part of the abdominal wall, and the superficial

external piidendal vein receives blood from the dorsum of the penis and the scrotum in

the male, and from the labium majus in the female.

Vena Saphena Parva.—The small saphenous vein is formed by the union of

the lateral extremity of the dorsal venous arch with the lateral dorsal digital vein

Fig. 795.
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of the little toe. At iirst it passes posteriorly, along the lateral side of the foot

and distal to the lateral malleolus, lying on the peronseal retinacula (O.T. ext. ann.

lig.), in company with the nervus suralis ; then it passes posterior to the lateral

malleolus, and along the lateral border of the tendo calcaneus, still in company
with the nervus suralis, to the middle of the calf, proximal to which it is continued

in the superficial fascia, accompanied by the superficial sural artery, to the distal

part of the popliteal fossa, where it pierces the deep fascia, and terminates in the

popliteal vein. It communicates, round the medial side of the leg, with the great

saphenous vein, and through the deep fascia with the deep veins, and it contains

from six to twelve bicuspid valves.

Tributaries.—It receives tributaries from the lateral side of the foot, the lateral

side and back of the heel, the back of the leg, and, occasionally, a descending tributary

from the back of the thigh. Just before it pierces the popliteal fascia it frequently gives

off a small branch which ascends round the medial side of the thigh and unites with the

medial superficial femoral vein to form the accessory saphenous vein. In that way a

communication is established between the great and small saphenous veins, which may
become enlarged, and constitute the main continuation of the small saphenous vein.

THE PORTAL SYSTEM.

The veins which form the portal system are the portal, the superior and
inferior mesenteric and the splenic veins and their tributaries. They convey blood

to the liver—(1) from almost the whole of the abdominal and pelvic parts of the

alimentary canal, (2) from the pancreas, and (3) from the spleen. The tributaries

of origin correspond closely with the terminal branches of the splenic, and the

superior and inferior mesenteric arteries, after which they are named and which
they accompany for a considerable distance. The larger or terminal veins, how-
ever, leave their associated arteries ; the inferior mesenteric vein joins the splenic

vein, and the latter unites with the superior mesenteric vein to form the portal vein,

which passes to the liver. All the larger vessels of this system are devoid of

valves, but valves are present in the tributaries.

Vena Portae.—The portal vein is a wide venous channel, about 75 mm. (three

inches) long, which conveys blood from the stomach, from the whole of the intestine,

except the terminal portion of the rectum, and from the spleen and pancreas to

the fiver. Unlike other veins, it ends like an artery, by breaking up into branches
which ultimately terminate in capillaries in the substance of the liver ; from the

capillaries, which also receive the blood conveyed to the liver by the hepatic artery,

the hepatic veins arise ; and, as the hepatic veins open into the inferior vena
cava, the portal blood ultimately reaches the general systemic circulation.

The portal vein commences by the union of the superior mesenteric and the

splenic veins, posterior and to the left of the neck of the pancreas, and either

anterior to the left border of the inferior vena cava, at the level of the body of the

second lumbar vertebra, or in front of the upturned extremity of the processus

uncinatus of the head of the pancreas. It ascends, anterior to the inferior vena
cava and posterior to the neck of the pancreas and the first part of the duodenum,
to the lower border of the epiploic foramen (Winslow), where it passes forwards, in

the right gastro-pancreatic fold of peritoneum, and enters the lower border of

the gastro-hepatic ligament. Continuing its upward course, it lies posterior to

the bile-duct and hepatic artery, and anterior to the epiploic foramen (Winslow)

;

it ultimately reaches the right end of the porta hepatis, where it ends by dividing

into a short and wide right and a longer and narrower left branch. Just before

its termination it enlarges, forming the sinus of the portal vein.

The right branch generally receives the cystic vein and then enters the right lobe

of the liver, in which it breaks up into numerous branches which terminate in the

portal capillaries around the periphery and in the substance of the liver lobules.

The left branch runs from right to left, along the porta hepatis, giving off

branches to the caudate and quadrate lobes ; it crosses the umbilical fossa, and
ends in the same manner as the right branch, but in the substance of the left

lobe of the liver.
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As it crosses the umbilical fossa, the left branch of the portal vein is joined,

anteriorly, by the round ligament of the liver and some small veins, and, posteriorly,

by the ligamentum venosum. 'J'lie round ligament is a tibrous cord which })a88e8

from the uml)ilicus to the left branch of the portal vein. It re])r(;Kents the

remains of the left umbilical vein of the fcetus. The small veins which accompany

it connect the left branch of the portal vein with the superficial veins round the

umbilicus. The liganuuit veiiosunl connects the left branch of the portal vein

with the upper part of the inferior vena cava. It is the remains of a f(Rtal blood-
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Flu. 796.—SCHBMA OF THE PoHTAL SySTE-M OF VEINS AND ITS CONNECTIONS WITH THE SVSTBMIC

System.— It must be reiuembered that systemic l.looil carried by tlie liepiitic artery also enters the

liver capilluries, therefore the hepatic veins contain both jjortal and systemic blood.

vessel, the ductus venosus, through which blood, carried from the placenta by tlie

left umbilical vein, passed to the inferior vena cava without going through the liver.

The portal vein is accompanied by numerous lymph vessels, and it is surrounded,

in the lesser omentum, by filaments of the hepatic plexus of nerves.

Tributaries.—Soon after its formation the portal vein receives the coronary and

right gastric veins, and the cystic vein opens into its right branch.

Vena Coronaria Ventriculi.—The coronary vein commences in the lesser omentum

by the union of tributaries from both surfaces of the stomach. It runs to the left
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between the layers of the lesser omentum, and along the lesser curvature of the stomach
•with the left gastric artery, to the cesophagus, where it receives oesophageal tributaries.

It then turns posteriorly, in the left gastro-pancreatic fold, and reaches the posterior wall

of the abdomen, where it again changes its direction to run from left to right, behind
the omental bursa, to the right gastro-pancreatic fold, at the root of which it opens into

the portal vein.

The right gastric vein is a small vessel which is formed by the union of tributaries

from the upper parts of both surfaces of the stomach. It runs from left to right along

the right portion of the lesser. curvature, between the layers of the lesser omentum, and
terminates in the portal vein, after that vessel has entered the lesser omentum.

Vena Cystica.—The cystic vein is formed by the union of tributaries which
accompany the branches of the cystic artery on the anterior and posterior surfaces of the

gall-bladder ; it ascends along the cystic duct and, as a rule, terminates in the right

branch of the portal vein. Some small veins pass directly from the gall-bladder into the

substance of the liver.

The Mesenteric and Splenic Veins.

Vena Mesenterica Superior.—The superior mesenteric vein commences in the

right iliac fossa, in connexion with the lower part of the ileum. It ascends, along the

right side of the superior mesenteric artery, in the root of the mesentery, forming a
curve with the convexity to the left.

As it ascends it passes anterior to the right ureter, the lower part of the inferior vena
cava, the third part of the duodenum, and the uncinate process of the head of the

pancreas ; and, after passing behind the root of the transverse mesocolon, it terminates,

behind the neck of the pancreas, by uniting with the splenic vein to form the portal vein.

Its tributaries correspond with the branches of the superior mesenteric artery. It is formed
by the imion of the ileo-csecal and appendicular veins. Anteriorly and towards the left side it

receives intestinal tributaries (vense intestinales) from between the layers of the mesentery ; the
right colic and ileo-colic veins enter its right side ; the middle colic vein joins it anterior to the
lower border of the head of the pancreas, and close to its termination it receives the right
gastro-epiploic and the pancreatico-duodenal veins.

The right gastro-epiploic vein runs from left to right along the lower border of the stomach,
between the two anterior layers of the greater omentum. It receives tributaries from both sur-

faces of the stomach, and near the pylorus turns posteriorly, in the right gastro-pancreatic fold of

peritoneum, passes in front of the neck of the pancreas, and ends in the superior mesenteric vein.

The pancreatico-duodenal vein receives tributaries from the head of the pancreas and the
adjacent parts of the duodenum ; it ascends along the superior pancreatico-duodenal artery, and
terminates in the upper part of the superior mesenteric vein or in the portal vein.

Vena Lienalis.—The splenic vein is formed by the union of five or six tributaries

which issue from the hilum on the gastric surface of the spleen. It passes posteriorly

and medially, in the lieno-renal ligament, to the kidney, then, turning to the right, it runs
behind the upper border of the pancreas and below the splenic artery ; it crosses the front

of the abdominal aorta, immediately below the origin of the cceliac artery, and terminates,

behind the neck of the pancreas, by joining the superior mesenteric vein to form the
portal vein.

Tributaries.—It receives the vasa brevia or short gastric veins, the left gastro-epiploic vein,

the pancreatic veins, and the inferior mesenteric vein. Occasionally the coronary vein ter-

minates in it.

The short gastric veins are a series of small venous channels which gather blood from the
region of the left poition of the greater curvatui-e of the stomach ; they pass backwards towards
the spleen, in the gaatro-splenic ligament, and terminate either in the trunk of the splenic vein
or in one of its main tributaries.

The left gastro-epiploic vein runs from right to left along the lower border of the stomach
between the layers of the greater omentum. At the left extremity of the lower part of the greater

curvature of the stomach it enters the gastro-splenic ligament, through which it passes towards
the hilum of the spleen, and it terminates in the commencement of the splenic vein. It receives

tributaries from both surfaces of the stomach.
The pancreatic veins issue from the substance of the pancreas, and terminate directly in the

splenic vein.

The inferior mesenteric vein commences, as the superior haemorrhoidal vein, in the venous
plexus which lies between the muscular and mucous coats of the rectum. The superior
hsemorrhoidal vein drains the greater part of the Vjlood from the haemorrhoidal plexus, through
which it communicates with the middle and inferior hajmorrhoidal veins. It ascends, in com-
pany with the superior haemorrhoidal artery and between the layers of the pelvic mesocolon,
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to the ajXTture of the i)elvi.s minor, wlii-re it ii.i.s.sf.s in front of tlie h-ft ••onuuon iliac artery
and becomes the inferior mesenteric vein<

The inferior mesenteric vein runs upwards, on the left uf tlic aijrta, behind the peritoneum
and in front of the k-ft psoas major muscle and the Ifft inti'rnal spt-rni.ttic artery. Near it«

termination it crasses in front of the left renal vein, and, j)fi.ssing b('hin<l tin; lx:Kly of the ])ancreas,

ends in the snlenic vein. Occasionally it terminates in tlie angle of union of the superior
mesenteric ana splenic veins.

Tributaries.—In addition to the superior htemorrlioidal vein, of whidi it is the direct con-
tinuation, till- inferior mesenteric vein receives sigmoid tributaries from the iliac and pelvic
colon, atid tlic left colic vein from the descending colon and left colic fh-xure.

THE LYMPH VASCULAR SYSTEM
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The vessels of the lymph vascuhir sysk'iu, vasa lymphatica, contain a colourless

fluid, rich in white corpuscles, which is called lymph.

In many respects the lymph vessels resemble blood-vessels, especially veins,

and, like the veins, many of the

lymph vessels, i>ut not aU, contain Right jugular trunk

numerous valves, which control the

direction of the circulation. Un-
Uke tlie veins, however, the lymph
vessels communicate directly or

indirectly with the great serous cavities of

the body; and also unlike the veins, tlie

continuity of the lymph vessels is inter-

rupted by interposed nodular aggregations

of lymphoid tissue which are known as

lymph glands.

The corpusculated fluid called lymph, which
fills the interiors of the lymph vessels, is partly

collected from the serous cavities, and, in part, it

passes into the lymph vessels from the surround-

ing tissues. It is carried by the lymph vessels to

the veins ; for the smaller lymph vessels gradually

unite together to form larger and larger channels

until, ultimately, all the lymph passes into two
main trunks—the thoracic duct, which terminates

in the commencement of the left innominate
vein, and the right lymph duct, which ends in the

beginning of the right innominate vein.

Ob^dously, therefore, all the lymph vessels

are aflerent inasmuch as they carry the lymph
towards the great central vessels, but it is

customary to speak of some of the lymph vessels

as vasa aflFerentia and others as vasa efferentia,

the former being vessels which carry lymph to

lymph glands, and the latter, those which convey
the lymph from more peripheral towards more
central glands.

The lymph vessels merely collect and convey
lymph ; the lymph glands proltably serve in part

as filters and in part as the sources of origin of

some of the lymph corpuscles, which are called

lymphocjrtes and which become white blood cor-

puscles when they enter the blood stream.

In its course from the tissues to the blood-

vessels the greater part, if not the whole, of the

lymph passes through one and generally through more than one lymph gland.

All parts of the body which possess blood-vessels, except the central nervous
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system, the eye and the internal ear, are plentifully pro^dded with lymph vessels,

which are divided, according to their positions, into superficial and deep vessels.

The superficial lymjjh vessels lie in the skin and subcutaneous tissues ; they

frequently accompany the superficial veins and, in the limbs, they join the deep

vessels in definitely localised situations.

The deej) lymph vessels drain the lymph from all parts of the body which lie

internal to the deep fascia ; they tend to accompany the blood-vessels of the

various parts and organs.

Tlie lymph glands also are divided into superficial and deep groups. The

former he in the superficial fascia and are comparatively few in number. They

are associated more particularly with the superficial lymph vessels of the limbs.

The deep lymph glands of the limbs are also comparatively few in number, but

those of the head, neck, and trunk are very numerous.

Vasa Lymphatica.—The smaller lymphatics are channels of various shapes

but of greater caHbre than the blood capillaries. They anastomose freely together,

forming lymphatic plexuses.

Their walls are formed by a single layer of endothelial cells of irregular shape

and sinuous outhne, which are in close contact, externally, with the tissue elements

amidst which they lie. In some cases lymph vessels, or plexuses of lymph vessels,

surround the blood-vessels forming perivascular lymph channels. It has been

generally believed that such perivascular channels are numerous in the central

nervous system, but the researches of Bruce tend to show that, whilst the

lymphocytes travel along the walls of the blood-vessels of the central nervous

system, they pass along cleft-Hke spaces in the adventitial sheaths, and not in

distinct perivascular channels.

As the lymph vessels attain a larger size their walls are strengthened by the

deposition of a layer of elastic fibres on the outer surface of the endothelial coat.

The fibres run longitudinally, and in some cases fuse together to form a fenestrated

elastic membrane.
The walls of all the largest lymph vessels, like those of the blood-vessels, are

formed by three tunics, external, middle, and internal. The tunica intima consists

of a layer of endothelium covered externally by elastic fibres or fenestrated elastic

membrane. The tunica media is formed of transverse and oblique unstriped muscle

fibres, intermingled with elastic fibres. The tunica externa consists of longitudinal

connective tissue elements, with which are intermingled oblique and longitudinal

unstriped muscle fibres ; the latter feature being pecuharly characteristic, for it is

not met with in the blood vascular system, except in the walls of the large veins.

Bicuspid valves, formed by semilunar folds of the tunica intima are extremely

numerous in the lymph vascular system. They are either absent or they are few

and incompletely developed in the smaU vessels and the lymph plexuses, but they

are very prevalent in the larger vessels ; consequently when the latter are injected

they assume a modulated outline. Valves are present also at the entrances of the

great lymph channels into the venous system.

Lymphoglandulae.—Lymph glands are globular, ovoid, flattened, or irregular

bodies, and each gland presents a locaHsed depressed area which is known as the

hilum. The lymph glands vary considerably in size, some being no larger than a

pin's-head, whilst others are as large as a bean. In colour they are usually grayish

pink, but the tint varies with the position, vascularity, and state of activity of

the gland. The lymph glands of the lung are generally blackened by the deposi-

tion of carbonaceous material in their substance, and those of the liver and spleen

frequently have a brownish hue. The lymph glands of the mesentery are creamy

or white whilst the chyle is rapidly passing through them, but when the absorp-

tion of food-material from the intestine ceases they become a rosy pink.

The lymy^h glands are embedded in the connective tissues, some lying super-

ficially in the subcutaneous tissues, but the majority more deeply and usually at

the sides of the great blood-vessels. As a rule, they are arranged in groups of from

two to fifteen, but a few of those which lie in the subcutaneous tissues are soUtary,

They form centres to which afferent lymphatic vessels converge, and from

which efferent vessels pass onwards to other glands or to the larger lymph channels.
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The student should, therefore, acquaint himself with the various groups of

glands, with their afferents and efferents, and with the exact position and relations

of the large lymphatic trunks ; he will then be in a position to understand the
course which minute organisms or particles, which have gained access to the lymph
spaces, may take as they are carried in the lymph stream; and he will realise that
such structures may either be entangled in the glands through which the lymph passes,

or, having escaped all obstructions, that they will finally enter the veins at the root
of the neck. At the same time, if he bears in mind the existence of the numerous
anastomoses between the lymph vessels, he will have no difficulty in appreciating that
variations from any regular course may not infrequently occur, and his clinical ex-
perience at a later period will show that such variations are by no means uncommon.

Structure of Lymph Glands.—Lymph glands con.sist of (1) a skeleton or framework,
(2) lymph sinuses, and (3) lymph follicles and cords ; and each gland is separable into cortex and
medulla. The cortex lies immediately internal to the capsule, except at the hihun, where it is

ahsent. The medulla forms the internal part of the gland, and reaches the surface at the hilum.

(1) The skeleton or framework consists of a capsule and of primary, secondary, and tertiary
trabeculse.

The capsule is formed of white fibrous tissue, interspersed with elastic fibres, and in some cases
with unstriped muscular fibres.

The primary trahecnlai spring from the deep surface of the capsule and radiate through tlie

cortex into the medulla. In the cortex they are flattened lamella, but as they reach the medulla
they break up into flattened, rounded, and angular bands which unite freely together

;

their structure is the same as that of tlie capsule, and from their surfaces the secondary
trabeculae are given off. The secondary trabeculce spring from the surfaces of the primary
trabeculse, cross the lymph sinuses and enter the follicles of the cortex and the cords of the
medulla, where they terminate by dividing into tertiary trabeculte. As they cross the lymph
sinuses they unite together freely, forming a fine mesh -work through which the lymph
passes in its course from the afferent to the efferent vessels. The secondary trabeculae consist

of fine strands of fibrous tissue devoid of nuclei. The tertiary trabecules are finer and more
delicate than the secondary trabeculae, from the terminations of which they spring, but they
have a similar structure. They unite together, forming a fine network in the lymph cords and
follicles, and the spaces of the network are filled with lymph corpuscles. The surfaces of the
trabeculoe which bound the lymph sinuses are covered with endothelial cells.'

(2) The lymph sinuses lie internal to the capsule and around the primary trabeculae which
form their boundaries on one side, whilst on the other they are limited by the lymph cords
and follicles. They are traversed by the secondary trabeculae, and their channels are thus
converted into a kind of sponge-work through which the lymph stream flows. In the cortical

parts of the glands they form more or less cylindrical channels, but in the medulla they become
moniliform. Afferent vessels enter the sinuses of the cortex, and the efferent vessels emerge from
the medulla at the hilum.

The lymph follicles lie in the cortical portions of the lymph glands, where they form the
inner boundaries of the lymph sinuses. They consist of dense masses of lymphoid cells, embedded
in a stroma formed by the tertiary trabecular, and they are continuous internally with the
lymjjh cords of the medullary substance.

The lymph cords are continuous with the lymph follicles, and have the same structure, but
they lie in the medullary portions of the glands ; they are cord-like and not nodular in shape,
and they form the peripheral boundaries of the lymph sinuses of the medulla.

The Blood-Vessels of the Lymph Glands.—Blood-vessels are distributed to the capsule and
through the cajisule to the primary trabeculde of the glands ; but the main blood-vessels to each
gland enter the hilum and ramify in the lymph cords and follicles, amidst the tertiary trabeculas

which are connected with the walls of the vessels.

Haemal Lymph Glands.—In various parts of the body, but more particularly in

the retro-peritoneal region, and especially along the line of the abdominal aorta, a

number of bodies may be found which have all the ordinary structural characters

of lymph glands, but they differ from lymph glands inasmuch as some of their

sinuses contain blood. These structures are called hti^mal lymph glands. The
sinuses of the htemal lymph glands which contain lymph are in continuity with

lymphatics, whilst the blood-filled sinuses open into blood-vessels. It is stated

that communications exist between the blood and the lymph containing sinuses of

the haemal lymph glands, but the evidence on this point is not quite satisfactory.

Haemal Glands.—The term " hsemal gland " is applied to nodules possessing the

structure of ordinary lymph glands, but which contain only blood in their sinuses

;

they probably belong, however, as their development shows, to the lymph vascular

and not to the blood vascular system (see p. 1042).

1 See p. 1059.

64 a
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THE TERMINAL LYMPH VESSELS.

The terminal lymph vessels are the thoracic duct and the right lymphatic duct.

Ductus Thoracicus.— The thoracic duct is by far the larger and the longer

of the two terminal lymph vessels. It commences, in the epigastric region of

1 lesceudiug thoracic
iympliatic trunk

Thoracic duct

Cisterna cliyli

Suprarenal glani

Inferior vena cava —

Right renal artery -

Left renal vein —
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Superior mesenteric
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Common intestinal

lymphatic trunk
^ enal artery

Renal vein

Comnioii lumbar
ymphatic trunks

Fig. 798.

—

Thk Thciuacic Dijct and its Tributaries.

the abdomen, as an elongated ovoid dilation— the cisterna chyli—which measures

6 to 8 mm. (\ to \ in.) in its broadest diameter, and from 50 to 75 mm. (2 to 3 in.)

in length. The cisterna chyli lies between the aorta and the lower part of the

vena azygos, posterior to the right crus of the diaphragm, and opposite the first

and second lumbar vertebra?. Passing upwards from the cisterna, the thoracic

duct traverses the aortic opening of the diaphragm and enters the posterior
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mediastinum, through which it ascends, lying anterior to the vertebral column and
to the riglit of the median plane, to the level of the fifth thoracic vertebra ; it then
crosses somewhat abruptly from the right to the left of the median plane, and
ascends through the superior mediastinum to the root of the neck, where it turns
laterally, between the vertebral and common carotid arteries, and it terminates, at
the medial border of the left scalenus anterior, by joining the left innominate vein
at its commencement.

Length and Diameter.—The total length of the duct averages about 45 cm. (18
inches). It is dilated at both its origin and termination. As a rule it is narrowest
opposite tlie fifth thoracic vertebra, but its calibre is very variable, and sometimes
the thoracic portion is broken up into a series of anastomosing channels. The
widest portion of the tube is usually the cisterna, but occasionally that dilatation

is entirely absent. The duct is provided with several valves, formed by semilunar
folds of the tunica intima, arranged in pairs, and the most perfect of them is

situated at or near the orifice of communication with the left innominate vein.

Relations.

—

In the abdomen the cisterna cliyH lies anterior to the upper two lumbar
vertebra} and the corresponding lumbar arteries, between the aorta on the left and the

vena azygos and the right crus of the diaphragm on the right. In the j^osterior

mediastinum the thoracic duct is separated from the vertebral column and the anterior

longitudinal ligament by the right aortic intercostal arteries and the transverse parts of

the hemiazygos and accessory hemiazygos veins ; it is covered, in front, in the lower part

of its extent by the right pleural sac, and in the upper part b}' the ossophagus ; to its

right is the vena azygos, and to its left the descending aorta. In the sujierior mediasti-

num it passes forwards from the vertebral column, and it is separated from the left

longus colli muscle by a mass of fatty tissue ; the oesophagus lies in front of it in that

region, but the left margin of the duct projects beyond the oesophagus, and is in relation

anteriorly, and from below upwards, with the termination of the arch of the aorta, the

left subclavian artery and the pleura. As the duct enters the root of the neck it passes

behind the left common carotid artery, whilst to its right and somewhat anterior is the

oesophagus, and the left pleura is still in association with its left border.

At the root of the neck it arches laterally above the apex of the pleura sac and the

first part of the left subclavian artery. It passes anterior to the vertebral artery and
vein, the roots of the inferior thyreoid, transverse cervical, and transverse scapular

arteries, the medial border of the scalenus anterior and the left phrenic nerve, and
posterior to the left carotid sheath and its contents.

Tributaries. — The cisterna chyli commonly receives five tributaries. (1)

Truncus Intestinalis,— The intestinal trunk, which is formed by the effereuts of

mesenteric and upper pre-aortic glands, and which conveys lymph from the lower

and anterior part of the liver, the stomach, the small intestine, the spleen, and the

pancreas. (2) Two trunci lumbales, one on each side ; they are formed by the

efterents of the lumbar glands. They carry lymph from the lower extremities,

from the deep portions of the abdominal and pelvic walls, the large intestine and
the pelvic viscera, and from the kidneys, suprarenal glands, and genital glands.

(3) Two descending l3nnpliatic trunks, one on each side, each of which is formed by

the efferent vessels from the corresponding lower intercostal glands ; these descend

to the cisterna through the aortic opening of the diaphragm. Occasionally they

unite to form a single trunk, and in others they, or the tributaries from which

they are usually formed, open directly into the thoracic duct (Figs. 797, 798).

In its course through the posterior mediastinum the thoracic duct receives

efferents from the upper and posterior part of the liver, and from the posterior

mediastinal and oesophageal glands ; the latter carry lymph from the oesophagus,

the pericardium, and the left side of the thoracic wall.

In the superior mediastinum the vessels which open into it are derived from

the upper left intercostal glands ; it receives lymph also from the heart and left

lung by efferents from the left peritracheo-bronchial glands and the intertracheo-

bronchial glands, but the efferents of those glands may unite with the internal

mammary lymphatic to form a common trunk which may open either into the

thoracic duct or into the innominate vein. In the superior mediastinum, there-

fore, it may receive lymph from the upper and median part of the abdominal wall,

64 &
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the liver, the diaphragm, the wall of the thorax, and the mammary gland of the

left side, the thymus, the pericardium, the left lung, and the left part of the heart.

At the root of the neck, just before its termination, it receives the efferents

from the glands of the left superior extremity, which frequently unite to form a

subclavian trunk, and the left jugular trunk, which conveys the lymph from the

left side of the head and neck ; but either of those vessels or both of them may
end separately in the innominate vein.

Ductus Lymphaticus Dexter.—The right lymph duct (Fig. 798) is not always

present. It is a short trunk, from 12 to 17 mm. (half to three-quarters of an

inch) in length, which lies at the right side of the root of the neck along the

medial border of the right scalenus anterior, and it is formed by the confluence of

(1) the right jugular trunk, (2) the right subclavian trunk, and (3) the right broncho-

mediastinal trunk, which carries lymph from the bronchial, the posterior, and the

anterior mediastinal and the sternal glands. It thus receives lymph from the

right side of the head and neck, the right upper limb and the right side of the

trunk, including the upper part, of the thoracic wall, the right lung and pleura,

the right half of the heart and pericardium, the right side of the diaphragm, and

the upper surface of the liver. As a rule, the right lymph duct is not present

as a definite stem, and the right jugular trunk carrying the lymph from the head

and neck, the right subclavian trunk bearing lymph from the right upper ex-

tremity, and the right broncho-mediastinal trunk, end separately in the upper

part of the right innominate vein, but any two of the three main trunks of the

right side may unite together. The right broncho-mediastinal trunk frequently

communicates, below, with the thoracic duct.

LYMPH GLANDS OF HEAD AND NECK.

THE LYMPH GLANDS OF THE HEAD.

All the lymph glands of the head are extracranial.

Lymphoglandulse Occipitales.—The occipital lymph glands, two or three in

number, lie, in or deep to the deep fascia, upon the upper part of the trapezius

muscle, or, if the trapezius is small, upon the upper part of the semispinalis capitis

or on the splenius muscle. They receive afferent vessels from the occipital region of

the scalp and from the superficial parts of the upper and back portion of the neck.

Their efferents terminate in the deep cervical glands. Some of the lymph vessels

of the occipital region pass directly to' the deep cervical glands (Fig. 799).

Lymphoglandulse Auriculares Posteriores.—The posterior auricular lymph
glands (O.T. mastoid) lie on the upper part of the sterno-mastoid .piuscle and on

the mastoid portion of the temporal bone, and they are bound down by a sheathing

of deep cervical fascia. They receive afferent vessels from the posterior part of

the parietal region of the scalp, and from the medial surface of the auricle.

Their efferents join the superficial and the deep cervical glands (Fig. 799).

Lymphoglandulae Auriculares Anteriores.—The anterior auricular lymph
glands (O.T. parotid) lie both superficial and deep to the parotid fascia on the

lateral surface of the parotid gland. They receive afferents from the frontal and
the temporal regions of the scalp, from the eyebrow, the upper and lower eyelids,

the upper part of the cheek, the root of the nose, and the lateral surface of the

auricle. Their efferents pass to the superficial and the upper deep cervical glands,

and to the parotid lymph glands (Fig. 799).

Lymphoglandulae Parotideae.—The parotid lymph glands (O.T. deep parotid

glands) lie embedded in the deeper parts of the parotid gland. They receive afferents

from the external acoustic meatus, the tympanum, the soft palate, the posterior

part of the nose, and the deeper portions of the cheek. Their efferents open into

the upY)er deep cervical glands.

The Superficial Facial Lymph Glands.—Several lymph glands, or groups of

lymph glands, have been found in the region of the face but, apparently, they are

irregular, both in occurrence and in position. Those which appear to be most
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frequently found are : Infra-orbital, which lie along the angle between the nose and
the cht'ck, and below thi; margin of the orljit. Their afferents are derived from the

surrounding parts ; and their efferentu pass to the anterior auricular and the

submaxillary lymph glands. Buccinator lymph glands iiave been found on the

superficial surface of the anterior part of the buccinator, both anterior and pos-

terior to the anterior facial vein. Those posterior to the vein usually lie close

to the point where the parotid duct turns, medially, round the anterior border of

the masseter. They receive lymph from the eyelids and cheeks, and transmit it

AntfTior auricular kIihiIh

Posterior auricular
gland

Occipital (glands

An upper deep cervical gland

Upper deep cervical glands
of posterior group Submental glands

i Submaxillary glands

An upper deep cervical gland

Snperticial cervical glands

Inferior deep cervical glands

(supra-clavicular)

t'lo. 799.—Lymph CJlands of the Head and Neck as seen when the Steuno-Mastoid is in its

USUAL POSITION. The occipital ami the posterior and anterior auricular glands are inserted in accord-

ance with descriptions. The other glands were ])resent in one or other of the two bodies from which

the drawing was made. Compare Fig. 801.

to the anterior auricular glands. Supra-mandibvdar lymph glands lie^supeiticial to

the mandible at the anterior border of the masseter, between the anterior facial vein

and the external maxillary artery. They receive lymph from tlie region of the

lower lip, and transmit it to tlie anterior auricular and superficial cervical glands.

Lymphoglandulae Faciales Profundae.— The deep facial lymph glands are

very variable both in number and size ; tliey lie in association with the internal

maxillary artery on the external pterygoid muscle, or on the adjacent part of

the wall of the pharynx. Their afferent vessels are derived from the orbit,

the temporal fossa, the infra-temporal fossa, the palate, the nose, and the cerebral

meninges. Their effermt vessels open into the upper deep cervical glands.

Lymphoglandulse Linguales.—The lingual lymph glands lie between the genio-

glossi muscles and, on tlie lateral surfaces of the hyo-glossi and genio-glossi muscles,
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deep to the mylo-hyoid muscles ; they are simply small lymph nodules interposed

in the course of the lymphatics which are passing from the tongue and the floor

of the mouth to the deep cervical glands.

THE LYMPH GLANDS OF THE NECK.

Lymphoglandulse Cervicales Superficiales.—The superficial cervical lymph

glands lie on or are embedded in the deep fascia along the course of the external

jugular -vein, superficial to the sterno-mastoid (Fig. 799). They receive afferent

vessels from the superficial tissues of the neck, the posterior and anterior auricular,

and the submaxillary lymphatic glands. Their eff^erent vessels terminate in

the upper deep cervical glands and the supra-clavicular glands. The uppermost

superficial cervical glands are sometimes described as infra-auricular glands.

Lymphoglandulae Submaxillares.—The submaxillary lymph glands vary in

number from three to six. They lie under cover of the deep fascia of the neck, in the

angle between the lower border of the mandible and the submaxillary gland, and the

largest of the series is usually situated near the point where the external maxillary

artery turns round the lower border of the mandible (Fig. 800). Occasionally some

smaller gland nodules are found on the deep surface of the submaxillary gland, but

these are comparatively rare. The afferent vessels of the submaxillary lymph glands

carry lymph from the side of the nose, the upper lip, the lateral part of the lower

lip, the anterior third of the border of the tongue, the gums, the submaxillary and

sublingual glands, and the adjacent parts of the floor of the mouth. The efferents

descend, over the superficial surface of the submaxillary gland, and terminate in

the upper deep cervical glands, more particularly in those in the immediate

neighbourhood of the termination of the common carotid artery.

Paramandibular Lymph Gland.—This term is applied to one or more lymph glands

which lie inside the capsule of the submaxillary gland, in close relation with

the gland or embedded in its substance. They receive lymph from the gland

and the adjacent parts of the mouth and transmit it to the submaxillary and deep

cervical glands.

The Submental Lymph Glands lie below the chin, superficial to the mylo-hyoid

muscles and between the anterior bellies of the two digastric muscles. There are

usually two on each side, a medial or superior close to the median plane, and a

lateral or inferior on the anterior border of the anterior belly of the digastric.

They are apt to become enlarged in diseased conditions of the middle part of the

lower lip, the adjacent part of the gums, the anterior part of the floor of the

mouth, the tip of the tongue, and the skin beneath the chin, for their afferent vessels

drain those parts. The efferents from this group of glands pass partly to the sub-

maxillary lymph glands, and partly to a deep cervical gland situated on the

superficial surface of the internal jugular vein at the level of the cricoid cartilage

(Figs. 799, 800, 801).

Lymphoglandulae Retropharyngese.—The retro-pharyngeal lymph glands lie

posterior to the upper part of the pharynx, embedded in the fascia covering the

superior constrictor muscle. They are separable into two groups, lateral and median.

The lateral retro-pharyngeal glands, 1-3, appear to be constant both in children

and adults. Each lateral gland, or group of glands, lies at the level of the atlas,

anterior to the upper part of the longus capitis, and posterior to the internal

carotid artery.

The median retro - pharyngeal glands, commonly present in children and

frequently absent in adults, lie at the same level as the lateral glands, but in the

median plane. They are irregular in number and size.

The retro-x^haryngeal lymph glands receive lymph from the adjacent muscles

and bones, from the nasal part of the pharynx, from the auditory tube and

tympanum, and from the posterior parts of the nasal cavities. Their efferents pass

to the medial and the lateral deep cervical glands.

Lymphog-landulse Cervicales Anteriores.—The lymph glands of the anterior

part of the neck are separable into two groups, superficial and deep.

The superficial anterior cervical lymph glands are very irregular in number and
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size. When they are ])resent they lie in association with the anterior jugular veins.

The exact origin of their afl'urents and the tenninations of their eiferents are

unknown, but it is probable that they receive lymph from the superficial tissues of

the anterior parts of the n»'ck, and transmit it to the lower deep cervical glands.

The deep anterior cervical lymph glands are

—

(a) Infra- hyoiii glands, which lie anterior to the hyo- thyreoid membrane.
They receive lymph from the region of the epiglottis and transmit it to the deep

cervical glands. They are not constantly present.

{h) The prelarynt/eal gland, which lies either anterior to the cricoid cartilage

or to the crico-thyreoid ligament. Its occurrence is very constant. It receives
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Fiu. 800.

—

Lymph Glands of the Neck seen fuum the kkont.

Infra-hyoid glands and pretracheal glands were not present.

lymph from the anterior part of the larynx and from the isthmus and the adjacent

parts of the right and left lobes of the thyreoid gland. Its eiferents terminate

in the deep cervical and the pretracheal glands.

(c) The j)retracheal lymph glands are numerous small nodules which lie along

the inferior thyreoid veins. They receive lymph from the trachea, the lower part of

the larynx, and from the lobes and the isthmus of the thyreoid gland ; and they

transmit it to the lower deep cervical glands.

{d) The paratracheal lymph glands lie along the sulcus between the larynx and

the trachea, anteriorly, and the pharynx and oesophagus, posteriorly, in association

with the branches of the superior and inferior thyreoid arteries and the recurrent

nerves. They receive lymph from the adjacent parts and transmit it to the deep

cervical glands (Fig. 800).
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Lymphoglandulae Cervicales Profundse Superiores et Inferiores.

—

The deep

cervical Ijnnph glands lie in the anterior and posterior triangles of the neck and
nnder cover of the sterno-mastoid muscle. They form a more or less continuous

sheet of gland nodules and inter-communicating lymph vessels ; but the glands are

divided into two main groups, the {a) superior, and (b) inferior, and each group is

separable into (1) medial, and (2) lateral components.

(a) The Superior Deep Cervical Lymph Glands.—(1) The medial group of upper

deep cervical lymph glands lies on the superficial surface of the internal jugular

vein and in the carotid triangle of the neck. One of the largest, which is closely

associated with the tongue, lips, gums, cheeks, and the outer part of the nose, is
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Fig. 801.

—

Lymph Glands of the Head and Neck as seen ai'Teu the Removal of the Sterno-
Mastoid Muscle. The anterior ami posterior auricular and the occipital glands are inserted in

accordance with descriptions. The other glands were present in one or other or in both the bodies from
which the figure was made. Compare Fig. 799,

frequently situated in the region of the union of the common facial vein with the
internal jugular vein. The lowest gland of the group lies on the lateral surface of

the internal jugular vein immediately above the omo-hyoid muscle ; it receives a

communication from the submental glands. The highest members of the group
may be under cover of the postero-medial surface of the parotid gland, in associa-

tion with the posterior belly of the digastric muscle. (2) The members of the
lateral growp of superior deep cervical lymph glands lie under cover of the posterior
part of the upper portion of the sterno-mastoid, and in the upper part of the
posterior triangle of the neck. They are embedded in the fat-laden fascia which
covers the roots of the cervical plexus and the upper part of the brachial plexus.



THE LYMPH VESSELS OF HEAD AND NECK. 1003

and the levator scapuke and the scalene muscles, and several of them are in close

relation with the accessory nerve (Fi^'. 801).

The superior deep cervical glands arc connecteil by afferent vessels with the
various grou})s of glands which lie in the regions of the pharynx, the face, and the
upper part of the neck. They receive lymph, therefore, from the nose, the mouth,
the tongue, the upper parts of the pharynx and larynx, the tonsil, the upper part
of the thyreoid gland, the submaxillary, sublingual, and parotid salivary glands, and
from the interior of the cranium. Their efferents irass either to the inferior deep
cervical glands or to the jugular lymph trunk. In some cases the medial and
lateral members of the superior group are connected with the corresponding
members of the lower group only, but in other cases the medial or lateral

members of the superior group may be connected with both the medial and the

lateral members of the inferior glands.

The inferior deep cervical lymph glands (Figs. 800, 801), which are also termed
the supra-clavicular glands, are situated below the level of the omo-hyoid muscle.

(1) The members of the medial group lie in relation with the lower part of the

internal jugular vein, opposite the interval between the sternal and the clavicular

heads of the sterno-mastoid. They receive afferents [from the members of the

upper medial group and from the pretracheal and the paratracheal glands and from
the upper part of the thorax. Their efferents unite with some of the efferents of the

upper medial group and pass with them to the jugular lymph trunk.

(2) The memliers of the lateral gi-ou]^ of inferior deep cervical glands lie in

the subclavian triangle, in the fatty tissue superficial to the lower part of the

brachial plexus and the third part of the subclavian artery. They receive lymph
from the lower parts of the neck, from the upper part of the thorax, and from
the upper lateral glands. They receive lymph also from the deep parts of the

mammary gland, and they are in communication with the axillary glands. Their

efferents join the jugular lymphatic trunk.

THE LYMPH VESSELS OF THE HEAD AND NECK.

The lymph vessels of the head and neck may be separated into two groujis, intracranial and
extracranial.

Intracranial Lymph Vessels and Lymph Spaces.—The cerebro-spinal fluid which fills the
ventricles of the brain, the central canal of the spinal medulla, and the subarachnoid and
subdural spaces, differs in chemical constitution from true lymph ; nevertheless it j'lays the

part of lymph, to some extent, and there can be little doubt that some of it eventually passes

into lymph vessels ; therefore it may be considered as a modified form of lymph. The fluid is

secreted by the chorioid plexuses of the cerebral ventricles, and it passes through thfe medial and
lateral foramiiDi of the fourth ventricle into the cerebello - medullary subarachnoid cistern.

Part of the fluid transudes through the arachnoideal granulations into the superior sagitfcil and
other cerebral blood sinuses ; and part, probably, passes by osmosis into the subdural space

and thence into the meningeal lymphatics, by which it is conveyed to the exterior of the

cranium.

Cerehral Lymph Channels.—It appears probable that the so-called peri-vascular and peri-

cellular lymidi spaces which have so frequently been described in the central nervous sy.stem are

merely artifacts produced by unsatisfactory methods of preparation. Nevertheless, the fluid

which pervades the cerebral substance must have some exit, and it is not unlikely that it passes,

with the lymphocytes, through cleft-like intercommunicating spaces in the adventitial coats of

the blood vessels, similar to those demonstrated by Bruce in the case of the spinal medulla, and
so reaches the pia-mater and subarachnoid space ; that is, it runs along the walls of the arteries,

enters the meningeal lymphatics, and passes through them to the exterior of the cranium and
where it entei-s the extracranial lymph vessels. The above statements are based upon Bruce's

researches and the fact that the lymph vessels of the nose, the ear, and the deep lymph vessels

of the neck have lieen injected from the subdural space.

The Superficial Lymph Vessels of the Head.— (1) The superficial lymphatics from the

frontal and antcriur temiiural reijions of the head accompany the branches of the superficial

temporal artery and terminate in anterior auricular glands, from which eflerents jiass to the

parotid, the superficial cervical, and to the medial glands of the superior deep cervical group.

(2) The lymphatics of i\\Q posterior temporal ajia parietal rajion run to the posterior auricular

glands. It is stated that they sometimes communicate directly with the lateral glands of the

superior deep cervical group.

(3) The lymphatics from the occipital part of the scalp pass along the branches of the occipital

artery and terminate in the occipital glands, which transmit the lymj)h to the lateral superior

deep cervical glands.
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The Superficial Lymph Vessels of the Neck.—The majority of the lymph vessels from the
skin and the subcutaneous tissues of the upper part of the neck pass to the inferior deep cervical

glands, but some end in the occipital glands and others in the superior deep cervical glands.

The superficial lymph channels of the lower part of the neck terminate in the axillary glands.

The Lymph Vessels of the Eyelids and the Conjunctiva.—The lymph vessels which
drain the region of the eyelids and the conjunctiva form two groups, a medial and a lateral,

(a) The medial vessels pass from the superficial and deeper parts of the medial portions of the
superior and inferior eyelids and, following the course of the angular and the external maxillary
arteries, they pass to the submaxillary lymph glands. The more superficial vessels lie anterior,

and the deeper vessels j)osterior to the orbicularis oculi. Both groups may be connected with
infra-orbital and the anterior buccinator glands. (6) The lymph vessels from the lateral parts

of the eyelids pass posteriorly, along the line of the transverse facial artery. They end in the
anterior auricular and the parotid lymph glands. In some cases they become connected also

with the buccinator and superficial cervical glands.

Lymph Vessels of the Eyeball.—It is doubtful if any true lymph vessels exist in the eyeball.

Lymph spaces have been described in association with the coats of the eyeball, and lymph
vessels are stated to exist in the chorioid coat, but their existence is uncertain. The sinus venosus
sclerae (Schlemm), formerly looked upon as a lymph channel, is probably a venous canal. If

lymph vessels are absent then the fluids in the tissues and spaces of the eye must pass into
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the capillaries of the veins, unless channels exist in the adventitia of the vessels similar to those

described by Bruce in the spinal medulla.

The Lymph Vessels of the Ear.—The lymph vessels from the upper and lateral parts of

the auricle end in the anterior auricular glands. Those from the lower part of the auricle go

to the upper superficial cervical glands. The lymph channels from the medial surface of the

auricle end in the posterior auricular glands, but in a few cases they establish direct communica-
tion with the superior deep cervical glands.

The lymph vessels of the external acoustic meatus end in the anterior and posterior auricular

glands.

The lymph vessels of the middle ear pass in two directions. Those from the more laterally

.situated parts of the walls of the cavity join the vessels of the external acoustic meatus and
terminate in the posterior auricular glands. The lymph vessels which drain the more medial

parts of the middle ear and the auditory tube terminate in the lateral retro-pharyngeal glands.

It is doubtful if any lymph vessels exist in the internal ear. It is possible that the

perilymph drains into the subaraclmoid space of the posterior fossa of the skull along the line

of the ductus endolymphaticus and that the endolymph reaches the subarachnoid simce along
tlie fibres of the acoustic nerve.

The Lymph Vessels of the Nose.—The lymph vessels from the external part of the nose

form two groups, superior and inferior. The superior yroup accompany the vessels from the

lateral parts of the eyelids and end in the anterior auricular glands. The inferior group
accompanies the angular and the external maxillary arteries, and the majority of the vessels end
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iu the submaxillary f^flands, but in soiiu- cases one or more vessels of this group pass to the upper
superficial cervical glamls.

The Lymph Vessels of the Nasal Muco-periosteum
nasal muco-jH-rid.-tvuni accoiiqiany

the vessels of the lower portion ol

the external part of tiie nose and
end in the submaxillary glands.

Those from the posterior part of

the muco-periosteum end partly
in the medial superior deep cer-

vical glands, an(I partly in the
lateral retro-pharyngea] glands.

There is little definite know-
le<lge regarding the lymj)h ves.sels

of the accessory sinuses of the

nose, but it is jirobable that they
follow the lines of the blood-

vessels whicli supply the muco-
periasteuiu of the cavities.

The Lymph Vessels of the
Lips.—The vessels from the skin
of the medial part of the lower lip

p;i8.s to the submental glands and,
occasionall}', direct to the superior
deep cervical glands. The vesseb
from the deeper parts of the lower
lip unite with those from the u])-

per lip and end in the submaxil-
lary glands, but some of the super-

ficial vessels of the upper lip may
end in the superficial cervical

glands.

The Lymph Vessels of the
Cheeks. The majority of the

superficial and deep lymph vessels of the cheeks pa.ss to the submaxillary glands, but in .some

cases they communicate directly with the superficial or with the superior deep cervical glands.

They may communicate also -with the buccinator glands.

The Lymph Vessels of the Gums.—The vessels from the outer jjart of the anterior portion

of the mandibular gum pass to the sub-

mentiil glands. Those from the posterior

part, together with the vessels from the

outer part of the gum of the maxilla,

terminate in the submaxiLbiry glands.

The vessels of the gum of the maxilla

may also communicate with the buccinator

glands.

The vessels from the inner part of the

gum of the mandible end in the sub-

maxillary glands ; those of the inner part

of the gum of the maxilla, together witli

the ves.sels of the hanl and the soft palate,

end in the medial superior deep cervical

glands.

The Lymph Vessels of the Teeth.
It is known that lymph vessels exist in

connexion with the teeth of the mandible

as well as with the mandible itself, but

their terminations are not definitely estab-

lished. It is probable that they end in

the submaxillary or the superior deep

cervical glands.

The lymph vessels of the teeth of the

maxilla pass partly into the infra - orbital

canal and so to the face, where they join

the vessels from the lateral parts of the

eyelids, and terminate in the anterior

auricular and submaxillary gLinds. The
remaining vessels of the maxillary teeth

end in the submaxillary gLmds.
The Lymph Vessels of the Tongue.—The lymph vessels of the tongue form three groups—

(1) anterior, (2) middle, (3) posterior. The anterior and middle groups communicate freely with
one another and with their fellows of the opposite side, but the posterior group have little or no
communication with the middle group. (1) The anterior lymph vessels drain the tip and the

l^yiiiph vessels ol
I

ilorsuMi and sides
[

of anterior two-

;

third.s of tongue
;

Lymph vessels of
tip of tongue

Cut ends of lymph
vessels of tip

-4:>Genioi!lossi

Deep lymph
vessels of right

side of tongue

Styloglossus--^^

Hyoglossu

^--: Qeniohyoidei

'

-Mylo-hyoid

Fig. 804. — DiAURAM OK Lymph Vessels ok .\nteriiir

TWO-THIRDS of TONGDE, SEEN "fROM BELOW. (After
Poirier, iiioilifieiL)



1006 THE VASCULAE SYSTEM.

lower surface of the anterior free jjortiou of the tongue. The main trunks pierce the mylo-
hyoid muscle and end in the submental glands. (2) The middle grouj) of lymph vessels of the
tongue drain the anterior two-thirds, exclusive of the tip, and they terminate partly in the
submaxillary glands and partly in the medial superior deep cervical glands. Small lingual

glands are intercalated in tlie course of some of these vessels, (3) The jjosterior lymph vessels drain
the portion of the tongue which lies in the anterior wall of the pharynx posterior to the papillag

vallatcfi ; they pass to the medial superior deep cervical glands. (4) The lymjjh vessels from
the deeper central portions of the tongue go, mainly, to the upper deep cervical glands.

The Lymph Vessels of the Salivary Glands.—The lymph vessels of the parotid gland
terminate in the parotid and superior deep cervical lymph glands. The lymph vessels of the
submaxillary gland terminate, according to Most, not in the submaxillary lymph glands but
in the medial superior deep cervical glands. Practically nothing is known of the lymph vessels

of the sublingual gland.

The Lymph Vessels of the Pharynx.—From the u^jper part of the pharynx, and from the
posterior wall and lateral borders of the middle and lower parts, the lymph stream flows to the
median line posteriorly. There the larger vessels pierce the walls of the pharynx, then they
turn laterally and end in the lateral retro-pharyngeal glands.

From the lower and anterior part of the pharynx, that is, from the region of the piriform
recesses and the adjacent part of the larynx, the lymph vessels pass along the course of the
laryngeal branch of the superior thyreoid artery, pierce the hyo- thyreoid membrane and

terminate in the medial superior deep cervical

glands ; they may be connected also with the
infra-hyoid, and with the prelaryngeal glands.

The lymph vessels of the jjalatine tonsil and
the adjacent jjarts of the glosso - palatine and
pharyngo-jjalatine arches pierce the lateral wall
of the pharyiix and end in a gland, or group
of glands, wliich lies on the lateral surface of

the internal jugular vein, immediately below
the posterior belly of the digastric at the level

of the angle of the mandible.

The Lymph Vessels of the Thyreoid
Grland.—The lymph vessels of the thyreoid
gland form a plexus common to both lobes and
the isthmus, therefore the lymph can pass from
the lobe of one side to the terminal glands of

the opposite side. The terminal vessels end in

the prelaryngeal, the pretracheal, the para-
tracheal, the superior and inferior deep cervical,

and the upper mediastinal glands.

The Lymph Vessels of the Larynx.—The
lymph plexus of the larynx is sejjarable into

upper and lower portions ; they are connected
together on the posterior wall of the cavity,

but are sejJarated, laterally and anteriorly,

by the plicae vocales which contain extremely
few lymph vessels. The efferent stems of the

upper part pass mainly along the larpigeal

branch of the superior thyreoid artery, and they
end in the superior deep cervical glands, but are

frequently connected also with the infra-hyoid

glands. The efferent vessels from the lower
part of the laiynx form two subordinate groups.

Those from the anterior region pierce the median
crico- thyreoid ligament and end in the pre-

laryngeal, the pretracheal, and the deep cervical

glands. The efferents from the posterior region

pierce the crico-tracheal membrane and end m
the paratracheal glands (Fig. 800).

The Lymph Vessels of the Cervical Part
of the Trachea and CEsophagus.^—The ter-

minal vessels of the cervical part of the trachea

and the adjacent portion of the oesophagus and
the paratracheal and the inferior deep cervical glands. From the upper part of the trachea

•some vessels pass to the prelaryngeal glands also.
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----Central axillary
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3",'--— Lateral axillary glands

— -'-Brachial glands
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Deep cubital glands and a
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Schema ok the Lymph Vessels and
Glands of the Upper Extremitt.

LYMPH GLANDS OF THE SUPERIOE EXTREMITY.

The lymph glands of the superior extremity form two groups—(1) superficial,

(2) deep.

(1) Lymphoglandulae Cubitales Superficiales.—The superficial cubital lymph
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glands, one or two in number, lie on the medial side of the basihc vein, a short

distance proximal to the medial ejacondyle of the humerus. They receive lymph

from both aspects ami from the ulnar border of the forearm, and their efferents pass

to the deep glands of the arm.

(2) Lymphoglandulae Cubitales Profundae.— Occasionally small glands are

found'in association with the arteries of the forearm, but in most cases the lymph

from the deeper parts of the hand and forearm, below the region of the elbow,

passes to the deep cubital glands or to the brachial or axillary glands.

Coplialic vtMii

j
Central axillary ulaniis

Dclto-itccloral (.-laiiil

I Inrra-claviciilar ^laiuU

Olaml siiiiorllcial Ui cOHto-corncoid iiuMiibrane

Inter-pectoral glands

Lynipli vH.tHel.s paHHing
to sternal glainl.s

Lateral axillary glands

Posterior or subscapular
axillary glands

Anterior or pectoral axillary gland.s

Lymph vessels from deep part of niaTiiiii.i

passing to inter-pectoral, iMfra-claviculnr .'

and also to supra-clavicular gland.s

Lymph vessels passing to extra- ^ „

peritoneal tissue \

Fio. 806. -Dissection ok Axilla and Anteuiou Takt ok Thokacic Walu showing; 1-ymi'H i;lands

AND Vessels. (Semi-iUagrainmatic.)

The deep cubital lymph glands lie anterior to the elbow in the neighbourhood of

the terminal part of the brachial artery. They receive many of the deep lymph

vessels of the forearm and their efferents pass to the brachial and axillary glands.

Brachial lymph glands, irregular in number and size, are found along the course

of the brachial artery. Their afferents are derived from the forearm, from the

deep cubital and superficial cubital glands, from adjacent parts, and Irom the elbow-

ioint. Their efferents end in lateral group of axillary glands.

In addition to the glands which lie along the course of the brachial artery

other deep glands are occasionally met with in the arm. (1) One in the sulcus
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Fig,

between the brachioradialis and the
brachialis

; (2) another in the radial

sulcus. When they are present both
of these glands receive lymph from
the ligaments of the elbow-joint as

well as from other adjacent soft

parts.

Lymphoglandulse Axillares.^—
The axillary lymph glands lie in the
region of the axilla, where they form
several groups, some of which are

practically constant, whilst others are

very variable.

(a) The lateral or brachial group
of axillary lympli glands, 1-7, lies in

relation with the lateral boundary
of the axillary space along the line

of the great axillary vessels. The
glands receive the lymph from the

greater part of the upper extremity.

Their efferents anastomose with the

lymph vessels of the central glands

;

some terminate in the inferior deep
cervical glands and others pass to the

subclavian lymph trunk (Eig. 806).

(Jb) The posterior or subscapular

lymph glands lie in relation with the

posterior wall of the axilla, along the

line of the subscapular vessels. Their

afferents are the vessels of the lateral

and posterior walls of the body, above
the level of the umbilicus, and lymph
vessels from the lower and posterior

part of the neck. Their efferents join

the lateral, the central, and the infra-

clavicular axillary glands (Fig. 806).

(c) The anterior or pectoral group

of axillary lymph glands, 2-4, lies along

the line of the lateral thoracic artery,

in the angle between the lower border

of the pectoralis major and theserratus

anterior. The glands extend from the

third to the sixth intercostal space,

sometimes in a single and sometimes
in a double row. Occasionally one or

two outlying members of this group,

called the paramammary glands, are

found on the superficial surface of the

pectoralis major. The afferents of the

' The B.N. A. axillary lymph glands are the

lateral glands of the a.xilla, but, as the other

groups mentioned also lie in the axillary region,

807.—Superficial Lymph Vessels of the Trunk, the general term "axillary" i.s used here to in-

AND THE Lymph Glands and Vessels—Superficial cl"fle all the groups.

AND Deep—of the Limbs (diagrammatic). All super- ' '~ "

ficial lymph vessels are printed black ; the deep lymph vessels throughout are coloured red. Afferent

ve-s.sels are represented by continuous lines ; efferent and interglandular vessels by dotted lines.

A.A. Anterior axillary glands.
A.C. Superficial cubital glands.
A.L Superficial tibial glands.
D.F. Du.seep binguinal glands.

E.A. Lateral axillary glands.

I. Superficial subinguinal glands.

I.e. Infra-clavicular or subclavian glands.

P. Pubic glands.

P.A. Posterior axillary glands.

S.C. Superficial cubital glands.

S.F. Subinguinal glands.

U. Urethral lymphatics.
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anterior glands are derived from, the anterior wall of tht; body above the um-
bilicus from the lateral two-thirds of tlie mamma. Their ejferents pass to the
central, lateral, and infra-clavicidar a.xillary glands (Fig. 806).

{d) The central axillary l3rmph glands, 2-G, lie in the central part of the axilla, and
frequently along tlie line of the intercosto-hrachial nerve. They receive afferents
from the anterior, the subscapular, and the lateral glands. Their efferenis pass
to the infra-clavioular glands (Fig. 80G).

(e) The subpectoral group of axillary lymph glands, 3-14, is formed by several

small glands which lie po.sterior to the pectoralis minor and anterior or medial to the
axillary artery. They receive lymph from the glands situated at a lower level and
from the lateral wall of the thorax. Their ejferents pass to the infra-clavicular

glands.

(/) The infra-clavicular group of axillary lymph glands, 1-11, lies in the region

between the upper border of the pectoralis minor and the clavicle, along the medial
side of the axillary artery. The glands receive etterents from the arm, from the other
groups of axillary glands, and directly from the mamma and tlu' pectoral muscles,
along the line of the pectoral branches of the thoraco-acromial artery, and from
the inter-pectoral glands. Their ejferents pass to the inferior deep cervical glands
and to the subclavian lymph trunk (Fig. 806).

(ff) A delto-pectoral Isnnph gland is occasionally found in the groove between the

deltoid and the pecloralis major muscles. It receives afferents from the superficial

parts of the arm and the shoulder, and gives ejferents to the subclavian trunk and
to the infra-clavicular glands.

(// ) Small inter-pectoral Isnnph glands are sometimes found between the great and
small pectoral muscles. They are connected with the lymph vessels which pass

from the posterior part of the mamma to the infra-clavicular glands (Fig. 806).

THE LYMPH VESSELS OF THE SUPERIOR EXTREMITY.

The lymph vessels of the superior extremity, like the glands, form two groups— (1) superficial,

and (2) deep.

(1) The superficial lymph vessels lie in the skin and the subcutaneous tissues. They
commence in cutaneous ple.xuses, which are finest and most dense on the volar a.spects of the
fingei-s and hand. The eft'erents Irom the volar digital plexus of each finger pass to the dorsum
of the digit. There they unite to form dors;il digital vessels, 2-4, which run to the dorsum
of the hand where they unite together to form new vessels.

Fig. 808.

—

Scperficiai, Lymphatics of the DuaTS and of the Dorsal Aspect of the Hand.

The eflferents from the volar plexus of the hand run proximally, distally, and to the lateral

and medial margins of the hancl. The later.d efferent;*, as they turn round the latenil border

of the hand, join the etterents of the thumb. The mwlial elferents turn round the medial

bonier of the haul, and join the effcrents of the little finger. The atrerent.s which run

proximally are few and variable ; when they an^ i)resent they lie along the line of the superficial

median vein of the forearm. The etterents which run dist;dly pai^s to tlie intenligital clefts

where they turn dorsidly and join tlie vessels on the dorsum of the hand (Figs. 807, 808),

As the superficial lyiiiphatics pa.ss towaixls the elbow they tend to form two main streams—
(1) a lateral stream which ac<om]>anies the cephalic vein, and (2) a me<lial stream which

accompanies the b;vsUic vein. The lymph vessels which commence on the dorsum of the hand

and forearm converge to one or other of the two main groups of vessels. In the region of

65
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the elbow tlie vessels of the two streams anastomose together and some pass through the fascia

and join the deep cubital glands.

An they pass from the forearm to the arm, the majority of the lymph vessels converge

towards the medial side. Some join the superficial cubital glands, but others pass those glands

and accompany their eft'erents, along tlie basilic A^ein, to the axilla where they join the lateral

group of axillary glands. Tliere is, however, a varying number of lymph vessels, from the

lateral stream of the forearm, which accompany the cephalic vein in the arm. Some of these

terminate in the delto-pectoral gland, if it is present, but, whether it is present or not, some
pass directly to the infra-clavicular glands.

The superficial lymph vessels of the arm terminate, for the most part, in the lateral group

of axillary glands.

The deep lymph vessels of the upper extremity accompany the deeper blood-vessels. Some
of the lymph vessels of the hand and forearm end in the deep glands, which are occasionally

present in the forearm, bat the majority either end in the deep cubital glands, or they pass

directly to the lateral group of axillary glands.

The Lymph Vessels of the Mamma.—As the mamma is a modified skin gland,

and as it is embedded in the superficial fascia, the lymph vessels which issue from it

pass first into the superficial fascia and thence into the deep fascia. Having traversed

the deep fascia, more or less obliquely, they either end in lymph glands or enter and
traverse other layers of the body wall.

The main outflow of lymph from the substance of the mamma is towards the areola,

where a subcutaneous plexus of lymph vessels is formed. From that plexus two or more
main vessels of large size pass laterally (Fig. 806), pierce the deep fascia and join the anterior

group of axillary glands. There are, however, other gi'oups of vessels by which lymph
may pass from the mamma. Some vessels issue from the medial border of the gland and

run along the lines of the neighbouring anterior perforating branches of the internal

mammary artery to the anterior ends of the intercostal spaces ; there they pass

through the deeper parts of the thoracic wall and end in the sternal lymph glands.

Clinical evidence (Sampson Handley) has shown that some vessels, from the lower

and medial part of the gland, pass to the angle between the seventh rib and the

xiphoid process, where they pierce the fibrous layers of the abdominal wall and join

the lymph vessels in the extra-peritoneal fascia of the upper part of the abdomen. It is

through those vessels that cancer cells not uncommonly travel from the mamma to the

abdomen (Fig. 806).

Lymph vessels pass also from the deep part of the mammary gland, through

the deep fascia and the pectoralis major, and then ascend, along the line of the pectoral

branches of the thoraco-acromial artery, to the infra-clavicular region, where they

terminate either in the inter-pectoral or the infra-clavicular glands, or in both groups.

It is possible that some of those vessels, after piercing the costo-coracoid membrane,
may pass directly to the inferior deep cervical glands (Fig. 806).

It is stated, further, that some of the lymph vessels which issue from the mamma
pierce the whole thickness of the thoracic wall and join the lymph vessels which lie

in the endo-thoracic fascia, which intervenes between the ribs and the intercostal muscles

externally and the pleural membrane internally.

THE LYMPH GLANDS OF THE THOEAX.

The lymph glands of the thorax form 5 named groups, with subdivisions.

(1) Lymphoglandulae Sternales.—The sternal lymph glands form two groups

each of which hes at the corresponding margin of the sternum along the Hne of the

internal mammary artery. The glands are variable in number (4-18) and in size.

They receive afferents from the upper part of the muscles of the abdominal wall,

from the diaphragm, from the anterior part of the wall of the thorax, and from the

medial portions of the mammte. Their efferents communicate with the upper

anterior mediastinal glands and with the inferior deep cervical glands, and they

terminate on the right side in the right lymphatic or the right broncho-mediastinal

duct and on the left in the thoracic duct. Occasionally, also, they end directly in

the internal jugular or the subclavian vein.

(2) Lymphoglandulae Intercostales.—The intercostal lymph glands are lateral

and medial The lateral glands lie in the posterior parts of the intercostal spaces,

the medial are placed in front of the heads of the ribs. Their afferents are derived

from the boundaries and contents of the spaces. The efferents of the glands of the

upper spaces pass either to the posterior mediastinal glands or to the thoracic
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duct. Those of the lower spaces, on each side, form a descending trunk which
passes through the aortic opening of the diapliragm and ends in the cisterna

(3) Lympho-
glandulae Medi-
astinales An-
teriores.— The
anterior medias-
tinal lymph glands
form two groups,
a lower and an
upper. The lower
group consists of

3 or 4 glands, and
is situated, pos-

terior to the ster-

num, in the lower
partofthe anterior
mediastinum. It

receives afferents

from immediately
adjacent parts and
from the liver and
the diaphragm.
Its efferents com-
municate with
the upper ante-
rior mediastinal
glands, and they
end, for the main
part, in the
broncho - medias-
tinal trunk.

The upper
group consists of
from 8 to 19
glands which lie

posterior to the
manubrium sterni

and anterior to

the thymus and
the great vessels

of the superior

mediastinum.
Their afferents are
derived from the
lower group of

anterior medias-
tinal glands, from
the pericardium,

the heart, the
thymus, the thy-
reoid gland, and
from the sternal

glands. Their
efferents pass
mainly to the

Fiu. 809.- -Deep Lymphatic Glands and Vessels of thb Thorax-
Abdomen {iliagrammatic).

and

Afferent vessels are represented by continuous lines, and effereu^and interglandular
vessels T>y dotted lines.

C.

C.I.

D.C.

E.I.

I.

l.I.

L.

Common iliac glands.

Common intestinal trunk.
Deep cervical glands.

External iliac glands.

Intercostal glands and vessels.

Hypogastric glands.

Lumbar glands.

M.
P. A.

R.C.

R.L.D.

S.

S.A.

T.D.

Mediastinal glands and vessels.

Pre-aortic glands and vessels.

Cisterna chyli.

Right lymphatic duct.

Sacral glands.

Scalenus anterior muscle.

Thoracic duct.

broncho-mediastinal trunk, but they communicate with the medial inferior deep
cervical glands and possibly also with the thoracic duct.

65 a



1012 THE VASCULAE SYSTEM

--^--Thyreoid cartilage

Crico-tliyreoid ligament

Inferior laryngeal lymph vessels

Thyreoid gland

Left common carotid artery

-- Pretracheal lymph gland

"-"•- Paratracheal lymph glands

- - Left subclavian artery

Left tracheo-bronchial glands

Left pulmonary artery

(4) Lymphoglandulae Mediastinales Posteriores.

—

The posterior mediastinal

lympli glands, 8-12, lie along the descending part of the thoracic aorta and the

thoracic part of the oesophagus. They receive afferents from the diaphragm, the

pericardium, the oesophagus,

and other immediately adjacent
tissues. Some of their efferents

join the thoracic duct, others

the broncho-mediastiual trunk,

and some pass to the bronchial

glands.

(5) Lymphoglandulse
Bronchiales.—Under the term
broncMal Isonphi glands are in-

cluded all the lymph glands

which are closely associated

with the walls of the intra-

thoracic part of the trachea and
with the main bronchi and
their intra - pulmonary
branches. The glands are ex-

tremely numerous, and they

are conveniently classified, by
Bartels, into four groups—(1)

tracheo-bronchial right and
left

; (2) the glands of the

bifurcation, also called inter-

tracheo-bronchial; (3) broncho-

pulmonary
; (4) pulmonary.

At birth and for some years

afterwards they are pink in

colour, but later they become
blackened by the deposit of

carbonaceous particles derived

from the atmosphere.

(1) The Tracheo-BroncMal

Lymph Glands are those which

are situated in the lateral angle between the trachea and the bronchus, on each

side. On the right side they vary in number from 5 to 9, on the left from 3 to 6.

Those on the left are in close relation with the left recurrent nerve. Their

afferents are derived from the other groups of bronchial glands and from the

adjacent parts of the trachea and bronchi. They are connected with the anterior

and posterior mediastinal glands. Their efferents pass to the broncho-mediastinal

trunk and also to the inferior deep cervical glands. They are associated, also, by

interglandular vessels, mth the paratracheal glands.

(2) The Lymph Glands of the Bifurcation (intertracheo-bronchial) lie below the

trachea, in the angle between the two main bronchi. They are situated between the

roots of the great vessels anteriorly and the oesophagus and the aorta posteriorly.

Their afferents are derived from the broncho-pulmonary glands and from adjacent

parts; their efferents terminate in the tracheo-bronchial glands. They are

connected with the posterior mediastinal glands.

(3) The Broncho-Pulmonary Lymph Glands.—Each group of broncho-pulmonary

glands, right and left, lies in the hilum of the corresponding lung, in the angles

between the branches of the bronchial tube. The glands vary considerably in number,

and they receive afferents, either directly or through the pulmonary glands, from

the lung substance. They also receive afferents from the pleura ; and their efferents

pass to the tracheo-bronchial glands and to the glands of the bifurcation.

(4) The Pulmonary Lymph Glands lie in the lung substance and usually in the

angles between two bronchial tubes. Their afferents are derived from the lung

substance, and their efferents pass to the broncho-pulmonary glands.

Right pulmonary Glands of the bifurcation Broncho-pulmonary

artery (intertracheo-bronchial) glands.

The Glands in Relation to the Trachea and the

Main Bronchi.
Fig. 810
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THE LYMrii VESSELS OK THE THORAX.

The lymph vessels of the thorax form two main grouiw - (a) the vessels of the thoracic wall,

and (6) the ve.s.-;els of tlie lOiituits of llic thorax.

(a) The Lymph Vessels of the Thoracic Wall are the intorcohtal 1} iiii)h vessels and the

lymph ves.seLs of the (liaplir.i^'iii.

(1) The Intercostal Lymph Vessels receive lymph from the rib.s and from the content of the

intercostal .spaces, an-l tin y ttiiiiinate in the intercostal and sternal glands. Communications

are said to exist botw.vu tfu- iutL-rcostal vf.ssels and the glands of the axilla.

(2) The Lymph Vessels of the Diaphragm.—The lymph vessels from the anterior part of the

diapliragni pas.s to the lower sti-rual antl anterior mediastinal glands, and those from the posterior

part to the posti-rior nu'diastinal gland.<.

(b) The Lymph Vessels of the Contents of the Thorax are :
—

(1) The Lymph Vessels of the Heart, which follow tli.^ courses of the coronary arteries, and

pass to the antt-rior mediastinal glands.

(2) The Lymph Vessels of the Pericardium, which terminate in adjacent glands.

(3) The Lymph Vessels of the Thymus, some of which pa.^^s to the anttaior mediastinal glands,

some to the tra<lu-o-l.roucliial glands, othi-rs to the nu'<lial inferior deep cervical glands.

(4) The Lymph Vessels of the Thoracic Part of the (Esophagus, whicli are separable into

upper ami lower groups. The upin-r pass to tlie bronchial, the posterior mediastinal, and the

lower deep cerviad glamls. The lower group end in the glands situated at the cardiac end of

the stomach. The two groups anastomose together.

(5) The Lymph Vessels of the Pleura.—The vessels from

the apical parts of the parietal portion of the pleura pass to the

adjacent lymph trunks or their tributaries. The vessels from

the posterior part of the parietal pleura join the intercostal A.J?'''^^ — '-| i'roxiin.-il

glands, and those from the anterior part end in tlie sternal L--^^^'^%^,
I ,','^*[,'ai gu"ds

glands. \~^y\ >lMf^ "
i. i

The Lymph Vessels of the Lungs and the Visceral Pleura V--<A
'^g-r-';';,',^^""^'"^"'""'

pass to the broncho-pulmonary glands.
V^'"^'^^—

—

m^Ki"^^^^ Distal superficial

Mubinguinal glands

THE LYMPH GLANDS OF THE
r

. ., .—

INFERIOR EXTREMITY.

The lymph glands of the inferior extremity, like

those of the superior, are separable into a superficial

and a deep group.

The Superficial Lymph Glands lie, almost

entirely, in the subiuguiual region, though occasion-

ally one or more may be situated above the level of

the inguinal ligament, and therefore in the inguinal

region. On this account they are separated in the

B.N.A. into inguinal and subinguinal groups. Both
groups he in the superficial fascia.

Lymphoglandulae Inguinales. — The inguinal

lymph glands, when they exist, are merely scattered

members of the subinguinal group which lie above the

level of the inguinal ligament. They receive afferents

from the lower and anterior part of the abdominal

wall. Their efferents terminate either in the super-

ficial or the deep subinguinal glands.

Lymphoglandulae Subinguinales Superficiales.

—The superficial subinguinal glands (Figs. 811, 817)

form two groups, a proximal and a distal, each of

which is separable into medial and lateral parts ; but

the various members of the groups are intimately

connected together by communicating vessels.

The proximal group lies along the line of the

inguinal ligament. It may extend from the anterior Fig. 811.—Diaguam of the Ltmih

superior spine of the iliun, to the pubic tubercle. Its
J'^J^J.^'^-'E^Ti:"'""

""

lateral members receive ajerents irom the lower and

lateral part of the abdominal wall, from the buttock, and the proximal and lateral

part of the thigh.
65 b
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Lymph vessels which pass
to the proximal superficial

subiiiguinal glands

Lym])h vessels which ;

pass to the medial
group of proximal

superficial sub-
inguinal glands

Lymph vessels

which pass to distal

group of superficial

subinguinal glandsI

The more medial members of the proximal group receive afferents from the
anal canal, the perineum, the scrotum, the penis, and the pubic region in the male,

and from the corresponding parts, including the
lower part of the vagina, in the female.

The distal groivp of superficial subinguinal
glands lies along the line of the proximal part
of the great saphenous vein—some on its lateral

and some on its medial side. They receive

afferents bearing lymph from the superficies of

the greater part of the inferior extremity, with
the exception of the lateral part of the foot, the
heel, and a part of the posterior aspect of the leg.

The efferents ofboth proximal and distal groups
of subinguinal glands pass to the deep subinguinal
glands.

The Deep Lymph Glands of the inferior

l^^^^aW extremity are the popliteal and the deep sub-

inguinal glands. Occasionally a deep gland is

met with in the leg in relation with the proximal
third of the anterior tibial artery.

Lymphoglandulae Poplitese.—The popliteal

lympli glands (Fig. 812) lie in the popliteal fossa.

One is usually situated, comparatively super-

ficially, at the point where the small saphenous

vein pierces the deep fascia and enters the fossa.

It receives afferents, which accompany the small

saphenous vein, from the lateral part of the foot,

the heel, and the posterior part of the calf. Its

efferents pass to the deeper glands.

The deeper glands lie in the fat around the

popliteal vessels and are sometimes separated into

inter-condylar and supra-condylar groups. Their

afferents are derived from the more superficial

gland and from the deeper tissues of the leg and
foot. Their efferents pass to the deep subinguinal

glands.

Lymphoglandulae Subinguinales Profundse.

—The deep subinguinal glands (Figs. 807, 811, 817)

lie in the femoral trigone. They are small glands.

Fig. 812.—Diagram of the Lymph three to seven in number, which are difficult to

Vessels of the Posterior Part of demonstrate. Some of them lie in the femoral
THE Lower Extremity.

^^^^^^ ^^^ ^^^^^ proximal being situated in or

close to the femoral ring. Their afferents are the efferents of the other glands

of the lower extremity, and, in addition, vessels from the deeper parts of the penis

or the clitoris. Their efferents pass to the external iliac glands.

Popliteal glands

Lymph vessels which
accompany the small -

saphenous vein

THE LYMPH VESSELS OF THE INFERIOR EXTREMITY.

The arrangement of the superficial lympli vessels of tlie toes and the foot is very similar

to that met with in the fingers and the hand. From lymph plexuses on the plantar aspect

vessels pass to the dorsum of the foot and toes, wliere they unite into a number of vessels, the

majority of which accompany the great saphenous vein and terminate in the distal group of

superficial subinguinal glands. Some of the lymj)!! from tlie lateral i)art of the plantar surface

and from the lateral border of the foot, and the lymph from the heel enters vessels which

accompany the small saphenous vein ; they end either in the more superficial gland of the

popliteal fossa or in the deeper glands of that region (Fig. 812).

'With the exception of the lymph vessels from the lateral and posterior part of the leg, which

accompany the small saphenous vein to the pojditeal glands, all the superficial lymph vessels of

the leg, thigh, and buttock pass to the superficial subinguinal glands ; those from the leg and

thigh mainly to the glands of the distal group ; those of the buttock chiefly to the lateral

glands of the proximal group.
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Tlie deep lymph vessels of the inferior extremity accompany the deep blood-vessels.
Many of the vessel.s from the leg and foot end in the j)opliteal glands, hut some j)aas directly to
the deep sul>ingiiinal glands. The deep vessels of tlie nv^re proximal parts of the inferior
extremity end in the deej) suhinguinal glands and in tlie hypogastric glands.

THE LYMPH GLANDS OF THE ANTERIOR ABDOMINAL WALL.

Some lymph glands are regularly, and others are occasionally present in the anterior wall
of the abdomen. Those fairly regularly i)re.sent are :

—

The inferior epigastric lymph glands, 3-6, which lie along the course; of the inferior epigastric
artery. Their affirentu air from the deep part of the umbilicus and their effirents pass to the
inferior external iliac glands.

The Pubic Gland or Glands.—One or more small glands which lie anterior to the suspensory
ligament of the penis or clitoris. Their afferents are vessels from the superficial parts of the
penis or clitoris, and their efferents end in the proximal superficial .suhinguinal glands.

The occasional glands are :

—

(1) A superior epigastric gland which sometimes lies in the superficial fascia of the median
part of the epigastric n-gion. Its afferents are from the adjacent parts and its efferents pass

to the sternal glands. It is probaldy very rare.

(2) Circumflex iliac glands, 2-4, which lie along the course of the deep circumflex iliac artery.

(3) An umbilical gland which lies in the extra-peritoneal tis.sue below the umbilicus. When
it is present it receives vessels from the umbilicus and its efferents go to the external iliac glands.

(4) Supra-umbilical glands, 1-2, small glands which lie in the extra-peritoneal tissue above
the umliilious. Its afferents are from the region of the umbilicus. The efferents probably pass to

the inferior anterior mediastinal glands.

THE LYMPH VESSELS OF THE ANTERIOR WALL OF THE ABDOMEN.

The superficial lymph vessels of the upper part of the anteiior wall of the abdomen go, for

the most part, to the anterior or pectoral group of axillary glands ; but some pierce the wall of

the lower part of the thorax and end in the sternal glands.

The superficial lymph vessels of the lower part of the anterior wall of the abdomen terminate

either in the inguinal glands or in the proximal group of superficial subinguinal glands.

The deep lymph vessels of the upper part of the anterior abdominal waU accompany the

superior epigastric vessels and terminate in the sternal glands ; but some may be connected with
the supra-umbilical glands if they are present.

The deep lymph vessels of the lower part of the anterior wall of the abdomen accompany the

inferior epigastric vessels, and end in the inferior external iliac glands or the inferior epigastric

glands.

THE LYMPH VESSELS OF THE EXTERNAL GENITALS.

The lymph vessels of the scrotum in the male and of the labia majora in the female pass

to the proximal superficial subinguinal glands, and mostly to the medial group.

The superficial lymph vessels of the penis go to the medial glands of the proximal subinguinal

grouji.

The deep lymph vessels of the penis, including those of the penile portion of the urethra, end
either in the medial glands of the proximal subinguinal group or in the deep subinguinal

^hmds.
The termination of the lymph vessels of the clitoris is similar to that of the lymph vessels

of the penis.

LYMPH GLANDS OF THE PELVIS AND ABDOMEN.

The lymph glands of the pelvis are separable iuto visceral and parietal groups.

The Visceral Glands of the Pelvis.

Lymphoglandulse Vesicales.—The Ijnnph glands of the urinary bladder form an

anterior and two lateral groups.

(a) The anterior lymph glands of the bladder are \ariable in number. They

lie in the retro-pubic fat and receive afferents from the anterior and antero-lateral

parts of the bladder wall. Their efferents go to the external iliac glands.

(b) The lateral lymph glands of the bladder lie along the course of the umbiliciil

artery on each side. Their afferents are derived from the upi-H^r and lateral parts

•of the bladder and their effer>-nfs end in the external iliac glaud.s.

Lymphoglandulae Anorectales.—The anorectal lymph glands (2-8) lie in the

lower part of the pelvis minor, in relation with the ampullary part of the rectum,
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between its muscular wall and its external fibrous coat. Their affevents are

derived from the muscular and mucous coats of the rectum and from the upper

part of the anal canal, and their efferents pass to the superior hsemorrhoidal glands.

Lymphoglandulse Parauterinse.—The para-uterine lymph glands (1-6), lie at

the sides of the neck of the uterus in the bases of the broad ligaments. They

receive afferents from the neck of the uterus and the efferents pass to the hypo-

gastric glands.

Lymphoglandulae Haemorrhoidales Superiores.—The superior hsemorrhoidal

Ijrmph glands lie along the course of the superior hsemorrhoidal artery in the

pelvic meso-colon. They receive afferents from the walls of the rectum, and from

the ano-rectal glands. Their efferents go to the inferior mesenteric glands.

The Parietal Lymph Glands of the Pelvis.

Lymphoglandulae Sacrales.—The sacral lymph glands, variable in number,

lie along the anterior aspect of the sacrum, between the anterior sacral foramina.

Upper hypogastric lymph glands

Ik |iMQItt«ini5»<"~!»T

Common iliac lymph glands^.

External iliac lymph glands

Lymph vessels of

testes passing to--
liiinbar lymph glands

Lower external iliac

lymph glands

Lateral lymph
glands of.

urinary bladder

Anterior lymph
glands of__.__., .- _

urinary bladder '^ '. "'^

Urinary bladder—i-- ^

Prostate - -

Gluteal lymph
glands

Pubo-gluteal
lymph glands

—iSacral lymph glands

Middle
hcemorrhoidal

T"" lymph glands
~ 7] Sacral lymph glands

J Seminal vesicle

— Ductus deferens

_ Ano-rectal
""lymph glands

Fia. 813.—DiAGUAM of the Lymi-h Glands of the Pelvis.

Their afferents are from the rectum, the prostate, and the adjacent parts of the

wall of the pelvis. Their efferents end in the sub-aortic, the aortic, and the hypo-

gastric glands.
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Lymphoglandulae Subaorticae.—Tlie subaortic lymph glands (l-3j lie on the

anterior aspect of the fifth lumbar vertel)ra. Thcdr ajfei-ents are from the sacral

glands, the hypogastric glands, and the external iliac glands. Their efferenls go
to the aortic glands (Fig. 817).

Lymphoglandulae Hypogastricae.—The hypogastric lymph glands form right

and left groups, wliich arc assdciatnl with tiif corrcspondiiig hypogastric ves.sels.

As a rule they lie near the origins of the main Ijranehes of the hypogastric artery,

or in the angles hetvveen the branches, and they, therefore, are separable into a

number of groups.

The Gluteal Lymph Glands lie in relation to the superior gluteal artery and receive

afferents iVoiu tlie gluteal region. Their efferents pass to the common iliac glands.

The Pubo-gluteal Lymph Glands (1-2) lie in relation to the origins of the inferior

gluteal ami intenud pudendal artericis. They receive afferents from the thigh

and perineum and their efferents end in the common iliac glands.

The Middle Hsemorrhoidal Gland lies more medially tban the other glands of

the group, close to the lateral wall of the rectum at the point where the middle
hsemorrhoidal artery Ijreaks up into its terminal l>ranches. It receives afferents

from the rectum and gives efferents to the other hypogastric and to the external

iliac glands.

The Inter-iliac Glands lie in the angle between the external iliac and the

hypogastric arteries, and cannot be clearly disassociated from the medial external

iliac glands. They receive afferents from the lower parts of the pelvic portions

of the genito-urinary organs. Their efferents pass to the common iliac glands.

The Obturator Gland lies at the inner end of the obturator canal, above the

obturator vessels. It receives afferents from the upper and medial parts of the

thigh and its efferents join the inter-iliac and common iliac glands.

Lymphoglandulae Iliacae.—The iliac lymph glands are separa])le into a lower

group, associated with the external iliac artery, lymphoglandulae iliacae externse,

and an upper group, the lymphoglandulae iliacse communes.

The External Iliac Glands.—According to Poirier and Cuneo, the external iliac

lymph glands form three chains, lateral, intermediate, and medial, which lie,

respectively, at the lateral side, anterior to, and at the medial side of the external

iliac vessels. The three lowest members of the group, that is the lowest member
of each chain, lie in close relation to the abdominal aperture of the femoral ring,

and are frequently spoken of as supra-femoral glands. They receive afferents

from the superficial subinguinal and the deep subinguinal glands, from the

urethra and the deeper parts of the penis, and from the portions of the abdominal

wall supplied by the deep circumflex iliac and inferior epigastric arteries. Their

efferents end in the upper glands of the external iliac group.

The higher members of the external iliac lymph glands receive afferents from

the membranous part of the urethra, the prostate, the bladder, the vagina, and

the neck of the uterus. They are connected by anastomoses with the^ hypo-

gastric glands, particularly the middle hsemorrhoidal gland, and their efferents pass

to the common iliac glands.

The Common Iliac Ljmiph Glands.—The glands of the common iliac group are

sometimes separated into a lateral and intermediate and a medial series. The

lateral and intermediate groups are quite distinct, the former lying along the

lateral margin of the artery and the latter posterior to it, but the medial group

is not clearly defined from the sub-aortic group already mentioned. Indeed

the sub-aortic group may be looked upon as constituted by the medial common
iliac glands of opposite sides.

The common iliac glands receive afferents from the external iliac and the

hypogastric glands, and consequently from practically the whole of the ]>elvic

contents, except the ovaries of the female.

THE LYMPH VESSELS OF THE PELVIC VISCERA.

The Lymph Vessels of the Urethra of the Male.—It has been pointed out that the

iymph vessels of tlie greater part of tlie penile portion of the urethra are said to p;iss to

the deep subinguinal glands. The lymph vessels of the bulbar and membranous parts of the
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uterine tube

of uterus

-• Ovary
.External iliac and sub-

''aortic lymph gland

Subinguinal lymph gland

Hypogastric lymph glands

External iliac lymph glands

_ [glands

——__~~" Vessels to ano-rectal, sacral, and sub-aortic IjTiiph

i
Cervix uteri

Ano-rectal lymph glands

urethra liave uot yet been satisfactorily demonstrated, but it is stated that they jjass to the
hypogastric glmds, to the medial supra-femoral gland of the external iliac group, and to the
higher glands of the external iliac group. The lymph vessels of the prostatic part of the urethra
unite with the other lymph vessi.'ls of the prostate.

The L3rmph Vessels of the Prostate pass to the anterior and lateral vesical glands, to the
external iliac glands, to the hypogastric glands, and to the sacral and hajmorrhoidal glands.

They anastomose with the lymph vessels of the bladder and the deferent duct.

The Ljrmph Vessels of the Urethra of the Female have terminations corresponding with
those of the vessels of the membranous and prostatic j^ortions of the urethra of the male.

The Lymph Vessels of the Seminal Vesicle, on each side, pass to the medial glands of the
external iliac group.

The Lymph Vessels of the Ductus Deferens, on each side, anastomose with those of the
seminal vesicle, ;ind they pass to the hyjtogastric and external iliac glands.

The Lymph Vessels of the Urinary Bladder.—Many of the lymph vessels from the antero-

lateral aspect of the urinary bladder pass to the corresponding anterior and lateral vesical lymph
glands and, through them, become connected with the external iliac and hypogastric glands, but
some apparently pass directly to the hypogastric lymph glands.

The lymph vessels from the superior, and many from the posterior part of the bladder, on
each side, end in the external

Fundus of uterus '••Lumbar lymph glands iHac and hypogastric glands, but
some from the posterior part pass

vSy and^upper part directly to the sub-aortic glands.

The Lymph Vessels of the
Ureter.—Little is known of the
lymph vessels of the ureter ex-

cept that those of its lower
extremity anastomose with the
lymjDh vessels of the urinary
bladder. It is suggested that the
vessels pass to the nearest lymph
gLmds.

The Lymph Vessels of the
Vagina.—The lymph vessels of

the lower part of the vagina
anastomose with the lymph vessels

of the labia minora and so trans-

mit lymph to the superficial

subinguinal glands. The lymph
vessels of the upper parts of the

vagina pass to the hypogastric

glands and also, with the lymph
vessels of the cervix uteri, to the

external iliac glands. Some of

the lymph vessels from the pos-

terior wall of the vagina terminate
in the ano-rectal glands.

The Lymph Vessels of the
Uterus.—The Lymph Vessels of

the Lower Part of the Uterus.

The majority of the lymph vessels

from the lower part of the uterus, mcluding the cervix, unite with the lymph vessels of the

upper part of the vagina and pass to the hypogastric glands including the inter-iliac group

(p. 1017). Some pass to the external iliac glands, and others from the lower and posterior part

become associated with the ano-rectal, tlie sacral, and the sub-aortic glands.

The Lymph Vessels of the Body of the Uterus run in several directions. The most im-

portant outflow is along the upper part of the broad ligament, below the uterine tube, to the

region of the ovary where there is an anastomosis with the ovarian lymph vessels. Afterwards the

lymph vessels of this stream cross the brim of the pelvis minor and ascend to the lumbar lymjDh

glands. The accessory outflows are to the external iliac glands ; to the sub-aortic glands

;

and, along the round ligament, to the superior group of sub-inguinal glands.

The Lymph Vessels of the Uterine Tube accompany the vessels of the mam outflow from

the Ijodv of the uterus, and those from the ovary, and pa.ss to the lumVjar lymph glands.

The"' Lymph Vessels of the Ovaries.—The lymph vessels of each ovary accompany the

ovarian artery aud some of the uterine lymph vessels, along the upper part of the broad ligament,

to the brim of the pelvis minor anrl then upwards to the lumbar lymph glands.

The Lymph Vessels of the Testis and Epididymis.—The testis and the epididymis are

not normally pelvic organs in the adult, but their lymph vessels may be considered here, inas-

much as the testes correspond, morphologically, with the ovaries. The lymph ve-ssels of each

testis and its epididymis accompany the testicular arteries and ascend to the lumbar region

where thev terminate' in the lumbar lymph glands.

The Lymph Vessels of the Rectum.—The lymph vessels of the rectum and the upper part

of the anal canal pass for tlie most part along the middle and superior hsemorrhoidal vessels.

.Labium minus

._ Superficial subinguinal lymph glands

Fig. 814.

Labium ma.jus

-Diagram of Lymph Vessels of Female Genital
Organs.
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Those wliicli ai;coiii]>;iiiy llic luaiiclics of the middle lueiiiorrlioidal artery, on each Hide, pastt to

the corresponding niiddh; lueniorrlioidal gland (jf tiie hy])(jgastric groiij> ; whilst the lymjdi
vessels of" tlu! rectum which ac(um{>;iny IIk; liranches of the superior h;em(jiili(jidal artery become
associated witli the ano-rectal, the sacral, and the inferior mcsenteiic lymjih glands. The lym])h
vessels of the lowi'r part of the anal canal go to the medial j^roximal siil)inguinal glands.

THE LYMPH GLANDS OF THE ABDOMEN.

The lymph glands of the ahdonieii are separated into visceral and parietal

groups. The viseeral groups are those more directly associated with tlie lymph
vessels which issue I'rom the walls of the abdominal part of the alimentary canal,

although they may lie ])Osterior to tlu^ ])eritoneum in relation to the posterior wall

of tlie alHlomen. Tlie parietal glands lie in relation with the abdominal ])art

of the aorta and the inferior vena cava and the adjacent parts of the posteriijr

abdominal wall.

Right paracardial

Posterior left gastric glan

Anterior left gastric glands^

Ri^lit supra-pancreatic glands

Right gastric gland
\

Left paracardial glands

t edge of greater
omentum

Visceral Lymph Glands of the Abdomen.

Lymphoglandulae Gastricae.—The gastric Ijrmph glands are arranged in two
main groups, the /i/iiip/ioylaiidiolce superiores which lie in association with the arteries

of the smaller curvature, and the h/m2jhoglanihilcr, inferiores associated with the

greater curvature. Jamiesou and Dobson have* separated the superior gastric

glands into several subdivisions.

Lymphoglandulse Gastricae Superiores.

—

{a) The Anterior Left Gastric Glands (lower

coronary glands, J. and D.). The anterior left gastric ghmds lie between the layers

of the lesser omentum
along the course of the

left gastric artery. They
receive afferents from the

greater jjart of the lesser

curvature of the stomach
and the adjacent parts

of its anterior and pos-

terior walls, and they

send effevents to the pos-

terior left gastric glands.

(6) The Right Para-

cardial Glands are essenti-

ally members of the

anterior left gastric
group which lie to the

right of the cardiac orifice

of the stomach. Their afferents are derived from the cardiac part of the stomach

and their efferents go to the posterior left gastric glands.

(c) The Left Paracardial Glands lie to the left of the oesophageal orifice. They
receive afferents from the adjacent parts of the cardiac portion of the stomach, and

their efferents end in the posterior left gastric glands.

(d) The Posterior Paracardial Glands lie on the posterior aspect of the stomach,

between the layers of the gastro-phrenic Ugament. Their afferents are from the

neighbouring parts of the cardia and their efferents go to the posterior left gastric

glands.

(e) The Posterior Left Gastric Glands (upper coronary, J. and D.) lie around the

left gastric artery as it passes forwards through the left gastro-pancreatic fold of

peritoneum. They receive afferents from the previously mentioned groups of gastric

glands and dii-ect afferents from the cardiac portion of the stomach. Their efferents

pass to the middle supra-pancreatic glands of Jamieson and Dol)S(m (ccehac

glands, B.N.A.).

(/) The Right Gastric Gland (pyloric of J. and D.) is a small gland, occasionally

present, which lies immediately above the pylorus or the first part of the duodenum,

Sub-pyloric
glands

Right gastro-ojjiploic glands

Fio. 815.

—

Lymi'h Vessels and Glands ok the Stomach.
(After Jamieson aud Dobson, modi6ed.)
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in association with the right gastric artery. It receives aferents from the pylorus,

and its efferents end in the sub-pyloric glands.

{g) The Right Gastro-epiploic G-lands lie along the lower part of the greater

curvature of the stomach, in association with the right gastro-epiploic artery.

Their afferents are from the adjacent parts of the anterior and posterior surfaces

of the stomach and their efferents pass to the sub-pyloric glands.

(Ji) The Left Supra-pancreatic Glands of Jamieson and Dobson (lympho-

glandulfe pancreaticohenales, B.N.A.) lie along the course of the splenic artery

and in the gastro-splenic ligament : they receive afferents from the left part of the

stomach and from the spleen. Their efferents pass to the middle supra-pancreatic

glands.

(i) The Right Supra -pancreatic Glands (J. and D.) lie in relation with the stem of

the hepatic artery as it passes through the right gastro-pancreatic fold. They
receive efferents directly from the pyloric part of the stomach and the liver, and
give off efferents to the middle supra-pancreatic glands.

{j) The Sub-pyloric Glands (J. and D.). The sub-pyloric lymph glands lie at

the right border of the omental bursa, in the angle between the superior and
descending parts of the duodenum, between the head of the pancreas posteriorly

and the peritoneum of the posterior wall of the great sac anteriorly. Their afferents

are from the right gastro-epiploic glands, the right gastric gland, and from the pyloric

portion of the stomach. The efferents pass to the middle supra-pancreatic glands.

{k) The Biliary Lymph Glands (J. and D.) lie along the line of the bile duct.

They receive afferents from the gall-bladder and liver. One of the lower glands

of the group, which lies posterior ^to the head of the pancreas, close to the lower

end of the bile-duct, is associated, by direct afferents, with the upper part of the

pylorus. Their efferents pass to the right and middle supra-pancreatic glands.

The highest member of the series is associated with the cystic artery and the

gall-bladder and is called the cystic gland.

Lymphoglandulse Hepaticse (B.N.A.) The Hepatic Lymph Glands of the Basle

nomenclature are a few small glands which lie in the region of the porta hepatis,

between the layers of the lesser omentum ; they receive afferents from the liver

and give efferents to the right supra-pancreatic glands (J. and D.).

Lymphoglandulae Mesentericae (B.N.A.)

—

The Mesenteric Lymph Glands lie

between the layers of the mesentery, where they form three main groups : (<x) a

series of juxta-intestinal glands which lie close to the walls of the small gut
; (&)

an intermediate series of larger glands which lie in relation with the trunks of the

rami intestinales of the superior mesenteric artery ; and (c) a terminal group of

large glands which lie round the upper part of the stem of the superior mesenteric

artery. They receive lymph from all parts of the small intestine, from the

csecum, the vermiform process, the ascending colon, the transverse colon, and the

part of the descending colon. Their efferents unite to form a common intestinal

trunk, which enters the cisterna chyli.

The Lymph Glands of the Caecum and the Vermiform Process and the Terminal

part of the Ileum.—The lymph glands particularly associated with the terminal

part of the ileum, the cgecum and its vermiform process, according to Jamieson and
Dobson, are (1) the ileal, (2) the anterior ileo-colic, (3) the posterior ileo-cohc,

and (4) the appendicular. All these glands give off vessels which pass to the

larger ileo-colic glands which lie along the ileo-colic branch of the superior

mesenteric artery.

The Ileal Glands lie in the lower part of the mesentery. They receive afferents

from the lower part of the ileum and give efferents to the main ileo-colic glands.

An Appendicular Lymph Gland is sometimes met with in the mesentery of the

vermiform process. When it is present it may be associated with the vessels which
pass from any part of the vermiform process. Its efferents pass to the main ileo-

colic glands.

The Anterior Ileo-colic Glands, 1-4, lie in the anterior ileo-colic fold of peritoneum.

Their afferents are derived from the anterior part of the csecum and the root of the

vermiform process, and ejjerents pass to the main ileo-colic glands.

The Posterior Ileo-colic Glands, more numerous than the anterior, lie in the



VISCERAL LYMPH GLANDS OF THE ABDOMEN. 1021

Mam n)i-Hent<Tii- glaridM

Middle colic artery

Ck)innion stem of ilt-o-colic ami i

right colic arteri»'

Kpicolic glands

Paracolic glands

Main glands

Ueo-colic arti'ry

Kiiiii)>ar glands

nfttrior mesenteric
rt»fry

Main inferior

mesenteric glands

superior
mesenteric

artery

Mes.mteric glands

Fig. 816.

—

Diagram of the Lymph Glands and Lymph Vessels of the
Large Intestine. (After Jamiesou and Dobson.)

angle between the ileum and the ccecum, and in the angle between the ileum and
the ascending colon. Their afferents are from the posterior part of the cacum
and the root of the vermiform process. Tlieir efferents pass to the main ileo-colic

glands.

The Lymph Qlands of the Colon, according to Jamieson and Dobson, may be

considered as forming

four groups, epicolic,

paracolic, intermediate,

and main.

The Epicolic Qlands

are small nudules wliieh

lie in the appendices

epiploicje and in relation

with the wall of tlie gut.

Tlie paracolic glands lie

along the medial liorders

of the asceniling, de-

scending, and iliac parts

of the colon ; along

the upper border of

the transverse colon,

and on the mesenteric

border of the pelvic

colon. The intermedi-

ate glands lie along the

branches of the colic

arteries and the main
groups are situated

around the stems from which the colic arteries arise. The lymph gathered by the

lymph plexuses in the walls of the gut passes through one or more of the groups
of glands, and that which issues from the main group, in association with the

ileo-colic and middle colic arteries, enters the main mesenteric glands which
surround the upper part of the superior mesenteric artery. It is then carried by
the efferents of those glands to the common intestinal lymphatic trunk. The
lymph from the descending, the iliac, and the pelvic parts of the colon passes to

the intermediate groups of inferior mesenteric glands and thence, for the main
part, to the lumbar glands, but some of the efferents from the upper intermediate

inferior mesenteric glands pass to the main group of superior mesenteric glands.

The lymph glands associated with the middle colic artery and its branches

are the lymphoglandulae mesocolicae of the Basle nomenclature.

The Main Glands of the Inferior Mesenteric Group receive lymph from the

intermediate left colic glands and transmit it to the lumbar glands through which
it passes, by the lumbar lymph trunks, to the cisterna chyli ; but some of the

lymph from the upper intermediate left colic glands passes to the main mesenteric

glands, and so to the common intestinal lymph trunk.

The Middle Supra-pancreatic Lymph Glands of Jamieson and Dobson correspond

fairly closely with the lymphoglandulae coeliacae of the Basle terminology. They
lie at the upper border of the pancreas around the coeliac artery. Their afferents

are from the right and left supra-pancreatic glands, from the posterior left gastric

glandg, and from the subpyloric glands. They are connected by intermediate

channels with the superior mesenteric glands, and they give efferents to the

common intestinal lymph trunk and also to the common lumbar trunks.

Lymphoglandulae Lumbales, B.X.A.—The Lumbar Lymph Glands lie behind

the peritoneum of the posterior wall of the abdomen, in association with the aorta,

the inferior vena cava, the psoas and quadratus lumborum muscles, and the crura

of the diaphragm. Those which are situated on the anterior aspect of the aorta

are frequently spoken of as pre-aortic glands and those situated more laterally

as para-aortic glands.

The afferents of the lumbar lymph glands are (1) the efferents of the common
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iKac glands, (2) efferents from the sub-aortic glands, (3) efferents from the sacral

glands, (4) some efferents from the hypogastric glands, (5) efferents from the
main inferior mesenteric glands, (6) the Ijmph vessels from the testes and
epididymides and their coverings in the male, and from the ovaries, the uterine
tubes, and the upper part of the uterus in the female, (7) lymph vessels from the

CBsophagus

Posterior left gastric
glands

Right supra-pancreatic
glands

Main mesenteric glands

Lumbar gland

A common iliac

gland
Lymph vessels from

testis and epi-

didymis
Superior haemor-

rhoidal glands'

An external iliac

gland

Lymph vessels of
testis and epi-

didymis
Deep subinguinal

glands

Cut ends of lymph
vessels of penis

Lymph vessels of
testis and epi-

didymis

Posterior paracardial
glands

Middle supra-pancreatic
glands

Left supra-pancreatic
glands

Splenic glands

Sub-aortic and medial
common iliac glands

An external iliac

lymph gland
Lymph vessels of
testis and epididymis

Lateral group of
proximal super-
ficial subinguinal
glands

Medial group of
proximal subin-
guinal glands
Lateral group of
distal superficial
subinguinal glands

Medial group of distal superficial subinguinal glands

Fig. 817.

—

Semi-diagrammatic view of the Lymph Glands and Vessels of the Proximal Parts
OF the Lo\\'er Exthkmities, the Pelvis Major and the Posterior Part of the Abdomen.

kidneys, (8) lymph vessels from the suprarenal glands, (9) lymph vessels from the
muscles of the back and of the posterior wall of the abdomen.

The efferents of the lumbar glands form two common lumbar lymph trunks,
which pass to the cisterna chyli.

THE LYMPH VESSELS OF THE ABDOMINAL VISCERA AND THE
SUPERIOR AND POSTERIOR WALLS OF THE ABDOMEN.

The Lymph Vessels of the Abdominal Part of the Alimentary Canal.—The lympli
vessels in the walls of the alimentary canal form four plexuses : (1) a mucous plexus, in the
mucous membrane, (2) a submucous plexus, in the submucous tissue, (3) a muscular plexus,
between the two muscle coats, (4) a subserous plexus which lies in the areolar tissue between
the peritoneal covering and the outer muscular coat. The four plexuses communicate freely
with each other. The lymph is eventually collected from the subserous plexus and carried to
the various groups of lymph glands. The vessels which carry away the lymph from the sub-
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serous plexuses of tlie various parts of tlie alimentary canal are spoken of in the following
account as the lynij)Ii vi^sscLs of tliosc ])art8.

The Lymph Vessels of the Stomach.—The lymi)h vessels of the stomach communicate
freely with the lymph vessels of the osophagus on the one hand and those of the duodenum
on the other.

From the ])ointof view of lymph outflow the area of each surface of the stomach may he
divided into four parts. Fii-st a small right ])ortion of the region of the pyloric canal, and, second,
the remaining larger portion whicli is suhdivided into three jjarts liy two lines: (1) A line
from the ape.x of the fundus to t]u> pyloric canal along the junction of tlie upper and right two
thirds with the left and lower tliird, (2) a line, ])arallel witli tlie (csopliagus, dividing the left
and lower ])art into left and riglit jxirtions (J. and 1).). It must he understood, however, that the
lym])li vessels of the various areas communicate! freely with one another (Fig. 815).

The Lymph Vessels of the Region of the Pyloric Canal ])ass (a) ])artly to tlie anterior left
gastric ghnids, (h) partly to the riglit sujjra-nancreatic lym])h glands, and (c) partly to the lower
hiliary group of lymjih glands. If the riglit gastric gland is nresent some of the vessels of the
upper pyloric region go to it, and in some cases vessels from tne pyloric region pass directly to
the posterior left gastric lym])h glands.

The Lymph Vessels from the Right Upper Area of the larger portion of the stomach pass (a)
to the anterior left gastric lymph glands, (/») to the posterior left gastric lymph glands, (c) to the
jiaracardial lymph glands.

The Lymph Vessels from the Left Section of the Left and Lower Portion of the stomach pass
along the gastro-splenic ligament to the si)lenic gland.s, which are occasionally present near the
hilum of the spleen, and ]iartly to the left supra-pancreatic lymph glands.

The Lymph Vessels from the Right Part of the Lower and Left Area follow the course of the
right g.tstro-ei)iploic artery and terminate in the sub-pyloric glands.

The Lymph Vessels of the Duodenum are ajiparently few and difficult to inject ; they
communicate with those of the stomach above and the jejunum below, and the collecting
vessels which pass from the subserous i)le.xus end in the biliary, the sub-pyloric, and the mesen-
teric lymj)]i glands.

The Lymph Vessels of the Jejunum and Ileum, with the exception of those from the
terminal part of the ileum, pass to the mesenteric lymph glands. The lymph vessels from the
terminal ]xirt of the ileum go to the ileo-colic lymph glands.

The Lymph Vessels of the Caecum, the Vermiform Process, and the Ascending Colon
])ass to tlie ileo-colic lymph glands, eitlier directly or after having traversed glands whicli lie

nearer to the walls of the various parts of the gut.

The Lymph Vessels of the Right Colic Flexure and the Transverse Colon pass to the
meso-colic and the sui)erior mesenterii; lym])]i glands.

The Lymph Vessels of the Left Colic Flexure, the Descending Colon, the Iliac Colon,
and the Pelvic Colon pass to the inferior mesenteric lymph glands. From those glands the
greater part of the lymph is conveyed to the lumbar lymph glands, but part i)asse8 to the
mesenteric lymph glands and ])art to the common intestinal lymph trunk.

The Lymph Vessels of the Liver.—The lymph vessels of the liver are described as forming
superficial and deeji groups. The superficial ves.sels pass to subserous plexuses from which
collecting vessels arise.

The collecting vessels from the superior, anterior, and right lateral surfaces converge to a series

of posterior and anterior efferent trunks.

The posterior collecting trunks form three groups: (1) a right group, which runs
through the right triangular ligament of the liver and then downwards and medially on the
posterior w-all of the abdomen, to the middle sujira-pancreatic lymph glands

; (2) the middle
group runs towards the inferior vena cava, passes with it through the diaphragm, and ends in

the posterior mediastinal lymph glauds
; (3) the left group passes through the left triangular

ligament to the posterior left gastric glands and the posterior paracardial glands.

The anterior collecting trunks are inferior and superior. The inferior pass from the
anterior part of the right lobe, turn round the lower border, and end in the hepatic lymph glands.

The superior group pass to the falciform ligament. Some turn posteriorly towards the inferior

vena cava, pass through the diaphragm witli it and end in the posterior mediastinal lymph glands
;

others turn forwards and downwards to the round ligament, which they accompany to the porta

hejiatis where they join the hepatic glands. The remaining vessels pass upwards to the anterior

part of the diaphragm which tney perforate, and they end in the anterior mediastinal glands.

The superficial collecting vessels of the inferior surface of the right lobe pass (a) backwards
to the inferior vena cava and along that vessel to the posterior mediastinal glands, (6) to the

cystic gland of the biliary chain. The collecting vessels of the lower part of the left lobe end in

the he])atic glands. The collecting vessels of the caudate lobe pass partly to the posterior

mediastinal glands, along the inferior vena cava ; and partly to the nepatic lymph glands in the

porta hepatis.

The Deep Lymph Vessels of the Liver pass to ascending and descending collecting trunks.

The ascending trunks follow the hepatic veins and the inferior vena aiva and end in the

posterior mediastinal lymph glands. The descending collectors accompany the bile-ducts, the

branches of the portal vein, and the branches of the hepatic artery, and terminate in the hepatic

lymph glands.

The Lymph Vessels of the Gall Bladder.—The lymph vessels from the gall bladder

terminate chiefly in tlie cystic gland but some pass to other members of the biliary chain.
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The L3rmph Vessels of the Pancreas.—The efferent vessels from the pancreas end in the

adjacent glands, that is, some jjass to the sub-pyloric, some to the supra-pancreatic, some to the

mesenteric glands, and some to the posterior left gastric lymph glands.

The Ljnmph Vessels of the Spleen.—The collecting vessels from the spleen pass to the

splenic lymph glands which occasionally lie near tlie hilum of the spleen and the left supra-

pancreatic lympli glands.

The Lyinph Vessels of the Kidneys.—The lymph vessels of each kidney run along the

renal blood-vessels and terminate in tlie lumbar glands, especially in the pre- and para-aortic

lymph glands.

The Lymph Vessels of the Ureters.—The lymph vessels from the abdominal part of each

ureter pass to tlie lumbar and tlie common iliac and the sub-aortic lymph glands.

The Lymph Vessels of the Suprarenal Glands anastomose with the vessels of the kidneys

and pass to the lumljar and to the posterior mediastinal lymph glands.

The Lymph Vessels of the Diaphragm.—The collecting lymph vessels from the diaphragm

pass to the tlioracic lymph glands, that is, to the anterior and posterior mediastinal lymph glands,

and lower sternal glands.

The Lymph Vessels of the Posterior Wall of the Ahdomen terminate in the lumbar

lymph glands.



DEVELOPMENT OF THE BLOOD-VASCULAR SYSTEM.
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Schema of Circulation of an Embryo, '[•S.'} mm. long, with
Six Somites. (After Felix, nioclilied.

)

The Arteries and tiik Heart.

In the general account of tlu' development of the primitive va.scular .sy.stem and the e-stahlisli-
nient of the foetal circulation, given in a previous chapter, it was pointed out that the germ of
the wliole blood-va.scular systi-m api)ears in the wall of the yolk-sac as a series of strands of cells
which constitute the

angioblast. Some of the ^°"''' intersegmental branches

aiigioblast cells remain
in situ and form the
blood-vessels of the walls

of the yolk-sac and the
lorpuscular contents of

the blood-vessels ; other
angioblastic cells wander
into the embryonic area
and form the blood-
vessels of the embryo

;

whilst still others be-

come located in the de-

veloping liver and other
organs, where they be-

come foci for the
formation of new blood
corpuscles.'

The first blood-
ves-sels developed in the

embryonic area are the

primitive aorta;. They
appear, either just before the embryonic area begins to be folded into the form of the embryo
or as the folding is commencing, in the pericardial or anterior region of the embryonic area,

where they are continuous with the earlier-formed vessels on the wall of the yolk-sac. From
the pericardial region they e.xtend caudalwards, one on each side of the notochord, and as they

pass caudalwards they
give off a series of dorsal

and ventral branches.

The dorsal branches are

intersegmental in

arrangement, inasmuch
as they lie in the inter-

vals between the meso-
dermal somites. The
ventral branches are

more irreguLir, and are

neither strictly .seg-

mental nor interseg-

mental in arrangement
;

moreover, they are not
only distributed to the

wall of the alimentary
canal, but they also pass

acros.s it to the yolk-sjic

Further, those which are

situated nearest the tail

anastomose together, on
the side wall of the

hind-gut area, forming
a plexus, and it is from that plexus, on each side, that the umbilical artery is prolonged along

the body-stalk to the chorion (Figs. 818, 819).

As the head fold forms, the cephalic part of each primitive aorta is bent into the form of a

loop, and the whole vessel assumes a hook-shaped form. The long or dorsal limb of the hook,

Dorsal intersegmental branches
.' Dorsal aortse

Anterior cardinal
veins

1st aortic arch

Heart

Stem formed by union of

lateral umbilical and
vitelline veins

Vrtiia umbilicalis

[
impar

Umbilical arteries
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Fig. 819.

—

Schema ok Vascular System of an Embryo, 2'6 m.m.

WITH P\)rRTEEN SOMITES. (Arteries after Feli.v, niodilied.)

' See note, p. 1059.
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which lies along the dorsal wall of the primitive alimentary canal, is the primitive dorsal aorta
;

the bend of the hook is the first aortic arch ; the short ventral limb of the hook, which lies

in the ventral wall of the fore-gut and the dorsal wall of the pericardium, is the primitive ventral

aorta; it is continuous, at the anterior margin of the umbilical orifice, that is at its own

caudal end, with the vitelline vein, which is carrying blood from the yolk-sac to the embryo.

The condition described is that found in embryos about 1-4 mm. long, possessing six meso-

dermal somites (Fig. 818).

In embryos in which the mesodermal somites have increased to fourteen pairs the posterior,

or caudal, portions of the primitive ventral aortte have fused together to form a single heart

(Fig. 819).

The Primitive Heart.—The primitive heart lies in the dorsal wall of the pericardium and,

therefore, in the ventral wall of the fore-gut. As it grows more rapidly in length than the wall

to wdiich it is attached, it bends upon its long axis and bulges ventrally into the interior of the

pericardium. As it projects into the pericardium it pushes before it the immediate bounding

wall of the pericardial cavity, which thus becomes converted into the visceral pericardium. The

visceral pericardium surrounds the heart, and passes from its dorsal border to the ventral wall of

the fore-gut as a double layer which constitutes the dorsal m.esocardium.

The portion of each primitive ventral aorta which lies cephalwards of the heart forms the

ventral root of the first aortic arch. At this stage the primitive dorsal aortse are still separate

from one another, and each gives off a series of dorsal intersegmental branches, and a series of

ventral branches which pass across the side walls of the primitive gut on their way to the wall

of the yolk-sac.
'

i i. -j n
The caudally situated ventral vessels, as in the earlier stage, form a plexus on the side walls

of the primitive gut from
Posterior cardinal veins which the umbilical arteries

aate;-superiL ^^^^^ (^^g- ^^^^-

mesenteric) When the embryo has

1^^^ attained a length of 2 -5 mm.

,

2nd aortic arches 'Orf^^^ J^j^^^ I "^^^^Nfc^ ^'^^ possesses about twenty-

ist aortic arches --"MMM ^^***""-ll^^^' / *^^^ three mesodermal somites,

the two primitive dorsal

aortse have fused together,

from the tenth to the six-

j. , «.i^i^ ^^_ mm 1 III m. ^m>. teeiith somlte, forming in
Anterior cardinal veins ^^^B^^Vi «% i \\\ ^^^ r r

t^l^^' \V I I\\ X^^^ ^ region of fusion a
^^^ m »v 7 il\ X.^:^^^ ^ single dorsal aorta, which

becomes the descending

aorta of the adult.

,.>,,/, TT u-,^ , \ At a slightly later stage
Sinus venosus \ \ X«^-- // Umbilical 1 , i r. • r ^i ^ • •

arteries the lusion 01 the two primi-
Vena umbilicalis impar tive dorsal aortae extends

„„„ ^ ^r o T. r,, caudalwards to the level of
Fig. 820.-SCHEMA OF Vascular System OF AN Embryo WITH Twenty-

^j^^ twenty-third somite,
THREE SOMITES. (Arteries after Fehx, modified.)

^^^^^ ^^^^ ^^ ^^^ ^^^^^J
branches of each primitive

vessel becomes enlarged and forms the origin of the stem of the primitive umbilical artery. Still

later the comparatively small continuations of the primitive dorsal aortae, which are continued

caudalwards from the twenty-third somite to the end of the caudal region, fuse together to form

the middle sacral artery—the dorsal aorta, as such, terminating at the twenty-third body somite.

The Primitive Veins.—In embryos 1*4 mm. long two primitive veins are present on each

side in the body of the embryo—the lateral umbilical veins and the vitelline veins. The lateral

umbilical veins are the divisions of the vena umbilicalis impar, which returns blood from the

placenta to the embryo ; and the vitelline veins return blood from the yolk-sac (Fig. 819). During
the time in which the embryo increases from 1-4 mm. to 2 '6 mm. additional veins appear. As
the body and head of the embryo become larger definite venous channels are formed to return

blood from them to the heart, and in association with the more rapid development of the

cephalic portion of the embryo the first entirely intra-embryonic veins to appear are the anterior

cardinal veins, one on each side, which return blood from the head, and from the cephalic or

anterior portion of the body of the embryo. These veins are present in embryos possessing

fourteen mesodermal somites, and each terminates in the common trunks formed by the union

of the vitelline and umbilical veins of the same side (Fig. 819).

A little later the posterior cardinal veins, one on each side, develop in the caudal or posterior

part of the body. They join the anterior cardinal veins at the level of the caudal end of the

heart, and the common trunk formed by the union is the duct of Cuvier, which opens directly

into the caudal part of the heart. In the meantime the venous trunk, produced by the union of

the lateral umbilical with the vitelline vein, and into which the anterior cardinal vein opened,

is absorbed into the heart ; therefore, when the ducts of Cuvier are formed, six vessels, three on

each side, open into the caudal portion of the heart—the vitelline veins, the lateral umbilical

veins, and the ducts of Cuvier. Whilst these changes in the veins are taking place, two additional

aortic arches are formed, one on each side. They spring from the cephalic extremity of the heart,

immediately caudal and somewhat dorsal to the ventral roots of the first arch ; and they terminate,

dorsally, in the dorsal aortie (Fig. 820).

Duct of Cuvier



DEVELOPMENT OF THE AKTEKIES. 1027

The Aortic Arches and their Ventral and Dorsal Roots.—The aortic arches are the vesselH

which connect the ventral {K)rtion.s of the primitive ventral aort;e with the primitive dorsal

aortae. Six such arches are formed on eacli side. Tlicy sjiring from tlie ventral aorta; or from
the heart, they pass round the side walls of the fore-gut, in the branchial ardies, and tliey

terminate, in relation witli the dorsal wall
7lli i>iiir of inlf'r-

HOKinciital arUirics

i!|)iiaiic aortic arcli

2nd cephalic aortic arcli

3r(l cejihalic aortic arch

4th cephalic aortic arch

6th cephalic aortic arch

liulbiis cordis

Vontricle

Sinus voiiosvis

Kia. 821.

—

Schema of thk Stage of Fivf. Aoktic

Arches. The cardinal veins and ducts of Cuvier

are not shown.

of the pharynx, in tlie primitive dorsal

aortae. All six arches are not present at

the same time, for as the more caudally
situated arches are formed those situated

more cranialwards disappear (Figs. 821, 822).

Five pairs of arche.s, the first four and the

sixth, are ])re.sent in embryos 5 mm. long ;

but by the time the length of the embryo
has increased to 7 mm. the first two arches

on each side have begun to disappear, and tlie

very transitory fifth arch has been formed
(Fig. 822).

The first aortic arch, on each siile, is part of

the primitive aorta, and is formed as the head
fold is develo2)ed and the fore-gut is enclosed.

It passes through the mandibular or first

branchial arch, and connects the cephalic parts

of the ventral and dorsal portions ot the

primitive aortie together (Fig. 821). When
the number of mesodermal somites has in-

creased to twenty-three pairs and the embryo
is about 2'5 mm. long, a second pair of aortic

arches has appeared. They spring from the

cephalic end of the heart, dorsal to the ventral

roots of the first arches, and ])ass through the

hyoid or second pair of branchial arches to

the dorsal aortae.

In embryos 5 mm. long the number of

aortic arches has increased to five on each

side—the first four and the sixth, the fifth appearing later, between the fourth and the sixth. At
the period when five pairs of arches are present only four vessels spring from the cephalic end of

the heart, which is now called the bulbus cordis ; they are, on each side, an anterior stem which

forms the ventral roots of the first and second arches, and a posterior stem common to the third,

fourth, and sixth arches (Fig. 821). Up to this period the head lies quite close to the thorax,

and a distinct neck can scarcely be said to exist.

As the neck appears and the head is moved away from the thorax the third and fourth aortic

arches also move headwards
and are transposed from the

posterior to the anterior

stem, which is simultane-

ously elongated. When the

transposition is completed
the condition depicted in

Fig. 822 is attained ; the

most cephalic, or anterior,

part of each dorsal aorta is

connected with the cephalic

end of the heart by the sixth

aortic arch ; and by the

fii-st, second, third, and
fourth arches it is connected

with a ventral vessel which
springs from the cephalic

end of the heart. The
'\ portion of each dorsal aorta

which is caudal to any
given arch is called the

dorsal root of the arch,

and the portion of the ventral stem which lies caudal to any arch is the ventral root of

that arch. The sixth arch has no ventral root, for it arises directly from the heart. Its

dorsal root converges towards and meets its fellow of the opposite side about the level of

the tenth mesodermal somite, where the two fuse together to form the single dorsal aorta,

which becomes the descending aorta of the adult, and which extends caudalwaixls to the level

of the twenty-third somite, where it gives off the umbilical arteries and becomes the middle

sacral artery. ,,ir„ i-^ ,j-
By the time the embryo has attained a length of / mm. the fii-st two arches have partly dis-

appeared, only their dorsal and ventral extremities being left, and the transitory fifth arch has

66 a

•2iid arches atrophied
' 3rd arelies

4th arches
5th arches

1 6th arches
Dorsal aoi ta

1st arches atrophi
Pulmonary arleric^s

External carotids /

Ventral root of 3rd arch
Ventral root of 4th and uth arches

Truncus arteriosus

Fio. 822.—ScHKMA OF AoHTic Arches of an Embryo, 9 mm. lonc. (After

Tandler, modified.) The second and third arches have atrophied an(

the transitory fifth has appeared.
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been formed. It runs from the ventral root of the fourth arch to the dorsal part of the sixth

arch (Fig. 822), persists for a short time, and then disappears.

At a still later period the dorsal roots of the third arches on both sides and the dorsal roots

of the fourth and sixth arches on the right side disappear. The vessels which remain form
the main stems

Arcli of aorta

i Riglit subclavian artery

I
i

Left subclavian artery

Bigbt subclavian artery
• Union of ductus arteriosus

with aorta

Union of dorsal roots of

I 6th arches

Dorsal aorta

t

nionary artery
Left pulmonary artery

^^^^^ Innominate artery
External carotid ^ / / ^^^.Z^^- Right 6tli arch

External carotid /
^^^ ^^^

Left common carotid
Right common carotid

,

Arch of aorta/
Left 6th arch /

Ascending aorta

Fig. 823.—Schema of part of the Arterial System of a Fcetus seen from the Left

Side. Parts of the first and secoud arches, the dorsal roots of the third arches, the

dorsal part of the right si.xth arch, and the dorsal roots of the right fourth and fifth

arches have atrophied. The position of the fifth arch is not indicated ; see Fig. 822.

of the permanent
arterial system
(Figs. 823, 824).

The ventral roots

of the first and
second arches form
the external caro-

tid. The third

arches themselves
and the dorsal

roots of the second

and first arches

are converted into

the internal caro-

tids, which are

prolonged head-

wards into the

cerebral region, co-

incidently with
the growth of
the head.

The ventral

root of the third

arch on each side

becomes the common carotid. The ventral root of the fourth arch on the rigiit side is converted

into the innominate artery, and the fourth arch of the right side forms part of the right

subclavian artery, i.e. a portion of that part of the right subclavian artery which lies medial to

the vertebral artery. On the left side the ventral root of the fourth arch, and the fourth arch

itself and its dorsal root, take part in the formation of the arch of the aorta, and the dorsal root

of the sixth arch is converted into the most cephalward or anterior portion of the thoracic part

of the descending aorta ; the remainder of the descending aorta being formed by the earlier

fusion of the primitive dorsal aortee. Occasionally the dorsal roots of the fourth and sixth

arches on the right side persist (see p. 1051), and in such cases the right subclavian artery, of

which they form a part, springs from the descending aorta at the level of the fifth thoracic

vertebra. It is probable, therefore, that the portion of the descending aorta formed from the

dorsal roots of the left fourth and sixth arches is a comparatively small part. The left subclavian

artery, which springs from the aortic arch, in the adult, is an intersegmental artery which sprang

originally from the primitive dorsal aorta. It may be presumed, therefore, that that portion of

the aortic arch which lies dorsal to the origin of the left subclavian artery is formed from the

dorsal roots of the fourth and sixth arches of the left side—a presumption which is strengthened

by the fact that the ligamentum arteriosum, which is a remnant of the left sixth arch, is attached

to the opposite border of the aortic arch immediately dorsal to the origin of the left subclavian

artery.

The sixth arch on the right side forms part of the extra-pulmonary portion of the right

pulmonary artery, the remainder of the extra-pulmonary part of the artery being derived from a

brancli given off from the right sixth arch to the lung bud.

The ventral part of the left sixth arch becomes absorbed into the stem of the pulmonary artery
;

therefore the left pulmonary artery is merely the branch from the left sixth arch to the lung bud.

The dorsal part of the left sixth arch forms, during foetal life, the ductus arteriosus, which

carries the venous blood from the right ventricle of the heart to the aorta. After birth it is con-

verted into the ligamentum arteriosum.

The Branches of the External Carotid Artery.—All the typical branches of the external carotid

artery are jjresent in embryos 15-5 mm. long ; little is known, however, regarding the details

of their development. It is probable that the internal maxillary artery and its branches are

evolved partly from the ventral part of the first aortic arch and partly from an anastomosis with

the branches of a temporary stapedial artery, which develops from the dorsal end of the second

arch ; but it is not known whether the other branches of the externa] carotid spring as offsets

from the ventral roots of the first or second arches or from the ventral parts of the arches

themselves.

The Descending Aorta.—The greater part of the descending aorta is formed by the fusion

of the primitive dor.sal aortse. In embryos about 2-6 mm. long, possessing twenty-three mesoder-

mal .somites, the primitive dorsal aortas are fused together from the tenth to the sixteenth

segment (Fig. 820). At a later period the fusion is continued caudalwards to the twenty-third

body segment—the level of the fourth lumbar vertebra—whei'e the common iliac arteries arise.

Still later the small terminal portions of the primitive dorsal aortse fuse together to form the

unpaired middle sacral artery, which terminates at the extremity of the coccygeal region.

If the three somites which lie nearest the head end, in embryos possessing twenty-three somites.
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1st arcli'v

Jiiil arcliN
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liiti;riiul carotiil

Internal carotid

Higlit common caroXid."-^
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are cephalic soinitf.s, then tlie point of eoniniL-ncement of the median aorta would be situated at
the level of the seventh body aoniite, that in, at the situation of the future seventh cervical
vertebra. The position of the anterior point of fusion of the primitive doraal aortje is indicated
in the adult by the orif,'in of the abnormal rij^ht sultclavian arlcrv, and is situated at ili-

level of the tilth thoracic vertebra ; therefore
the anterior end of that part of the descending Kxtenial carotids

aorta which is formed by the process of the I

primitive dorsal aortie must move caudalwards
during the dt-Vflopiiu-iital period.

The Branches of the Dorsal Aortae.—Each
primitive dorsal aorta gives off a series of dorsal,

lateral, and ventral branches. The dorsal

lirauches are distributed to the neural tube and
Ijody wall ; the lateral branches to the primi-
tive excretory organs— the Woltlian bodies;

and the ventral branches pass to the alimentary
canal, the yolk-sac, and to the placenta.

Tilt! dorsal branches are intersegmental in

arrangement, and when they first ap})ear they
pass dorsally, in the intervals between the

mesodermal somites, supplying the walls of the

neural tube and the adjacent mesoderm and
nerve ganglia. After a time each primitive
dorsal intersegmental artery gives off a ventral

bi-anch which passes first laterally and then
ventrally in the body wall, towards the ventral

median line. At this time each intei-seg-

mental artery consists of a stem and a dorsal

and a ventral branch. As the ventral part of

the body increases in size more rapidly than
the neural tube and the vertebral region, the
ventral branch of each primitive interseg-

mental artery soon exceeds in size the dorsal

continuation, and simultaneously the stem of

each primitive intersegmental vessel enlarges.

Thus it is that the stems of the intersegmental
arteries and their lateral branches become the

trunks of the intercostal and lumbar arteries,

whilst the dorsal continuation of each primi-
tive vessel is reduced to the jjosition of a
posterior ramus.

The dorsal branches of the intersegmental

arteries become connected together by longi-

tudinal anastomosing channels, some of which
lie ventral and others dorsal to the rudiments of

the transverse processes of the vertebrae. Each
ventral branch of an intersegmental artery, as

it passes towards the mid-ventral line, gives off

a lateral branch to the tissues of the lateral part of the body wall, and at its termination it

becomes connected, by longitudinal anastomosing channels, with it^s more cranialward and caudal

neighbours. The lateral branches also become connected ])y longitudinal anastomoses.

The dorsal branch of each intersegmtaital artery gives off a neural ramus to the walls of the

neural tul)e, which divides into dorsal and ventral neural branches ; these accompany the posterior

and anterior roots of the spinal nerves. As the dorsal and ventral neural branches approach the

median plane, those of each side become connected together by a longitudinal jtlexus of tine

vessels, and on the ventral surface of the neural tube the longitudinal plexuses of opposite

sides are connected together at or near the median plane.

The permanent arteries derived ])artiallv or wholly from the primitive dorsal mtei-segmental

arteries and their branches and anastomoses are : (1) The intercostal and lumbar arteries and

their posterior or dorsal rami
; (2) the subclavian and axillary arteries and their continuations

in the upper extremities; (3) the vertebral arteries; (4) the spinal arteries; (5) the basilar

artery ; (6) the 3Ui)erior intercostal arteries
; (7) the internal mammary and the superior and

inferior epigastric arteries.

In the cervical region tlie stems of the first six interscgmenUll arteries disappear, but the

seventh persists and forms, on each side, a ].ortion of the stem of the corresponding sul)clavian

artery. The dorsal branch of the seventh segmental artery and the anastomoses, between it and

the first six dorsal branches, which pass ventral to the true transverse processes ot the cervical

vertebra;, form the vertical part of the vertebral artery of the adult. The neural ramus of the

first cervical segmental artery ami its preneural branch form the part of the vertebral artery

which lies on the atlas and passes to the ventral surface of the me<lulla oblongata. The cranial

or upward prolongation of the vertebral, to its union with the ba-silar, is developed from the

network of vessels which connects the medial ends of the preneural arteries.

66 6

Dorsal aorta

Flo. 824.

—

Schema of Pakt ok the Vasci'lak Svstkm
OF a F(etus seen from the front. The origin

of the positions of the first and second arches,

the dorsal roots of the tliird arches on both sides,

and the dorsal roots of the fourth and fifth arches

on the right side are sliown in dotted lines. The
positions of the fifth arches are not shown.
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The ventral branch of the seventh cervical segmental artery on each side forms the trunk of

the subclavian artery, from the oiigin of the vertebral to the origin of the internal mammary,
and that part of the internal mammary -which extends from its origin to the upper margin of

the first costal cartilage. The remainder of the internal mammary artery, and the superior and
inferior epigastric arteries, are derived from a longitudinal anastomosis which forms between the
terminal extremities of the ventral branches of the intersegmental arteries.

The lateral I'amus of the ventral branch of the seventh cervical intersegmental artery forms
the trunk of the subclavian artery beyond the origin of the internal mammary branch, and from
its prolongation into the upper extremity are formed the main arterial .stems of the upper limb.

The superior intercostal arteries are derived from longitudinal anastomoses which connect
together the ventral branches of the intersegmental arteries, on the inner sides of the dorsal

parts of the ribs.

The anterior and posterior spinal arteries are derived from plexiform anastomoses which form
on the dorsal and ventral aspects of the neural tube between the terminal ends of the dorsal and
ventral neural branches of the neural rami of the posterior divisions of the intersegmental arteries.

The lateral branches of the primitive dorsal aortae supply structures derived from the inter-

mediate cell tract, and from them are formed the renal, the suprarenal, the inferior phrenic, and
the internal spermatic and ovarian arteries.

The ventral branches of the primitive dorsal aortas are not definitely segmental or inter-

segmental in arrangement. In the early stages they pass not only to the gut wall but also,

beyond it, to the wall of the yolk-sac. They are connected together by longitudinal anastomosing
channels which lie in the dorsal mesentery of the gut and also upon the wall of the gut itself

As the yolk-sac atrophies the prolongations of the ventral branches which jjass to its walls

disappear and, simultaneously, the portions of the corresponding vessels of opposite sides, which
lie in the mesentery, dorsal to the gut, and the longitudinal anastomoses which connect them,
fuse together to form unpaired stem-trunks from which the three great vessels of the abdominal
part of the alimentary canal are derived, namely, the coeliac, the superior mesenteric, and the

inferior mesenteric arteries ; but the original stem of each of these three important vessels is not
that which eventually forms its origin from the abdominal part of the aorta, for the coeliac

artery, which originally arose opposite the seventh cervical segment, wanders caudalwards to the

twelfth thoracic segment as the roots of origin of the ventral vessels which are situated nearer

the head disappear ; and in the same manner the superior mesenteric is transposed from the

level of the second thoracic to the level of the first lumbar segment, and the inferior mesenteric

wanders from the twelfth thoracic to the third lumbar segment.

The Umbilical and Iliac Arteries.—It was pointed out, in the account of general features of

embryology, that the umbilical arteries which carry blood to the placental area of the chorion

arise, in a human embryo about 1'38 mm. long, about the level where the fourth cervical

mesodermal somite will be developed at a later stage. They spring from plexuses formed, on
the lateral walls of the caudal

Aorta Aorta part of the primitive gut, by

*"*«ft-^ ^^^H^^^^^ ^^^ anastomosis of some of the

^^^^^^^jj^^ ^^^^^^^1^^ most caudally situated ventral

^mr^B^frW^ External '^I'tery..^^^^^^^^^^^ Or vitelline branches of the^2j^^ Proiiephric duct

—

^^^©^^^^^ ©WT primitive dorsal aorta. TheW^ \^\s----Second|uyp^^^ ^& origins of the arteries are

T
{

)
7 "'"

"" "^^ ^ ^^^ ^^^ y/^r gradually moved caudally as

W //—- --Primary part of -^k W ^^^ embryo grows, until,

Vj iJ umbilical artery g| eventually, they spring from
! H the primitive dorsal aorta,

Fl«. 825.-DIAOKAM SHOWING THK FOUMATION O. THE SeCONBAKV ^rJo'Ht^tb.M.Tbrfnt'JbPaut of the Primitfve Umbilical Artery. ^ { '

. alumbar segment. As each
umbilical artery passes from

Its origin on the ventral wall of the primitive dorsal aorta to the body-stalk it lies to the medial
side of the pronephi'ic duct. The ventral origin is, however, but temporary ; for, by the time the
embryo has attained a length of 5 mm., and the primitive dorsal aortai have fused to form the
permanent descending aorta, a new vessel has arisen, on each side, from the lateral part of the
caudal end of the aorta. This new vessel passes ventrally, to the lateral side of the Wolffian duct,
and then unites, on a plane ventral to the aorta, with the primitive umbilical artery of the same
side. After the union has taken place the ventral origin of the umbilical arteiy disappears, and
the primitive umbilical artery then arises from the side of the caudal end of the aorta. From
the newly formed vessel, which now constitutes the only origin of the umbilical artery, the
inferior glutteal artery, which is the primitive main artery of the lower limb, arises. At a later
period, and at a more dorsal level, a second branch arises from the dorsal root of origin of the
umbilical artery

;
this is the second main vessel of the lower extremity, which becomes the

external iliac and the femoral arteries of the adult. As soon as the external iliac artery is formed
that portion of the umbilical stem which lies dorsal to it becomes the common iliac artery, and
the more ventral part, which descends into the pelvis minor, becomes the hypogastric artery.
But that portion of the original umbilical artery wliich runs along the side of tlie pelvis minor to
the ventral wall of the abdomen, then cephalwards to the umbilicus and through the umbilicus
to the placenta, is still called the umbilical artery. After birth, when the ])lacental circulation
ceases, the greater part of the intra-abdominal ])ortion of the umbilical artery atrophies and
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Primitive ventral aorta

becomes converted into tlie lateral umbilical ligament, hut ;i portion of the part which lies in the
pelvis minor remains pervious ami tiom it springs lh« superior vesical artery.

The Arteries of the Limbs.—Our knowledge of the development of the arteries of the limbe
is still Very deticiiut, but during iht; last few years some investigations have Wen made and
certain facta have been t'stablished. The very earliest sUiges of development have not yet been
seen in the human subject, but it is not probable that they differ, in any essential resix-ctu, from
those found in other mammals ; therefore it may be aissumed that tlie upper limb is supplied,
at first, by a number of branches which spring from the sides of the primilivi; dor-al aortse. As
develo]tment j)roceed3 the

numl)L'r of the vessels is re-

duced until only one remains.

That loses its direct connexion
with the aorta and becomes
attached to the seventh seg-

mental artery forming the

venti-al branch of that vessel,

and the lateral division of the

branch ; the ventral continua-

tion, past the lateral branch,

being, apparently, a later for-

mation. In the earlier stages

the portion of the artery which
lies in the free part of the limb
does not consist of a single stem
but of a plexiform series of

vessels which only gradually

become reduced to a stem.

When the stem is definitely

established it is divisible into

subclavian, axillary, brachial,

and volar interosseous portions.

Tlu' median, the radial, and
the ulnar arteries are of later

formation.

In the case of the lower
limb the earliest known artery

is the primitive inferior

gluteal, which springs from
the secondary root of origin of

the umbilical arteiy. It is con-

verted into the inferior gluteal Position of oriiice

and popliteal arteries of the ventricular canal

adult. The external iliac and ventricie-

femoral arteries are parts of a

Later formation which arises

from the cephalic aspect of the

secondary root of the umbilical

artery dorsal to the origin of the

inferior gluteal This second-

ary vessel anastomoses distally,

at the level of the proximal

part of the popliteal fossa, with
the primitive inferior gluteal,

and, afterwards, the proximal
part of the primitive inferior

gluteal undergoes a certain

amount of atrophy. The de-

velopmental history of the
, . i « »

arteries of the leg and foot is Diagram showing the changes of form and e.xterna appearauces at different

^int d..finit.'lv kn^n stages. Modified from His's models. III.B and 1\.B are Mde

The Heart -The rudi- vie^-s ; the other figures represent the heart as seen from the front.

ments of the heart are the
,, r .1 r * a

caudal portions of the primitive ventral aortae, which lie in the ventral waU of the fore-gut and

the dorsal wall of the pericardium ; therefore the heart may be said to consist, at tirst, ot two

tubes ; the two tubes fuse, and the heart is then a single median tube, separated by constrictions

into five compartments which, from the caudal to the cephalic end, are the sinus venosus, the

atrium, the ventricle, the bulbus cordis, and the truncus arteriosus. The constricted region between

the atrium and the ventricle is called the atrio-ventricular canal.
. , , 4.-

At a later stage the longitudinal tube becomes foldetl on its lone axis and at the same time

twisted. The caudal limb of the loop thus produced is formed by the sinus venosus, the atrium,

and part of the ventricle ; and the cranial limb by the remamder of the ventricle, the bu bus

cordis, and the short truncus arteriosus. Subsequently, for a time, the ventricular and bulbar
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jpart of the cephalic limb of the loop become placed transversely (Fig. 827), but after a short
period its ventricular extremity again passes caudally until the original cranial limb of the
loop lies to the right and somewhat ventral to the original dorsal limb. Still later, the bulbus
cordis is partly absorbed into the truncus arteriosus and partly into the ventricle ; the right
segment of the sinus venosus is absorbed into the atrium, and the left segment forms the
coronary sinus. At a still later period the atrium is divided, by intra-atrial septa, into right
and left atria. The atrio-ventricular canal becomes converted into the right and left atrio-
ventricular apertures. The ventricle, including the absorbed portion of the bulbus cordis, is
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Truncus arteriosus

,
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Anterior
cardinal vein
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Atrio-ventricular
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Sinus venosus
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Dorsal View op a Model op the
Heart of a Human Embryo 2*5 mm. long.

(Meyer's collection. Modelled by Professor P.

Thompson.)

separated into the right and left ventricles of the adult heart ; and the truncus arteriosus, and
the part of the bulbus cordis which becomes incorporated with it, is separated into the ascending
aorta and the pulmonary artery. Thus, from the embryonic heart are eventually produced the

adult heart, the ascending aorta, the pulmonary artery, and the coronary sinus.

The main outlines of the transformation of the simple tubular heart of the young embryo
into the four-chambered heart of the adult are, therefore, comparatively simple, but the details

of the process are intricate and some of them are still imperfectly understood.

The Sinus Venosus.—In embryos possessing fourteen mesodermal somites the primitive single

heart, formed by the fusion of the caudal portions of the primitive ventral aortse, receives at its

caudal end two venous stems, each of which is the common termination of the lateral umbilical

vein, the vitelline vein, and the anterior cardinal veins of the same side (Fig. 819). At a later

period, after the heart has begun to fold on its longitudinal axis, the two common venous stems
are absorbed into the heart and form its most caudal section, the sinus venosus, which consists

of a right and a left cornu, united by an intermediate segment. In the meantime, however, the

posterior cardinal veins have appeared and have united with the anterior cardinals. After this

union occurs the portion of the anterior cardinal vein ventral to the point of union becomes the
duct of Cuvier. At this period, therefore, each cornu of the sinus venosus receives three veins

—the vitelline vein, the lateral umbilical vein, and the duct of Cuvier.

As development proceeds the left vitelline vein and the left lateral umbilical vein lose their

connexion with the left horn of the sinus venosus and pour their blood into the liver, through
which it reaches the cranial end of the right vitelline vein. The latter in the meantime has
become the only outflow from the liver to the heart, and it ultimately forms the terminal part
of the inferior vena cava. In association with these changes the right horn of the sinus venosus
becomes considerably larger than the left horn (Fig. 828), and the left horn and the intermediate
portion of the sinus become reduced to the form of a comparatively narrow channel which opens
into the right horn, whilst the latter opens into the dorsal part of the, atrial chamber, by a cleft-

like aperture which is bounded by right and left lateral lips called the right and left venous
valves (Figs. 829, 830).

As the right horn of the sinus venosus is absorbed into the right part of the dorsal portion of
the atrium the caudal or lower portion of right venous valve becomes the valve of the inferior

vena cava and the valve of the coronary sinus. The cephalic or upper j^ortion is united with
a septal projection into the cavity of the atrium called the septum spurium, and forms with it

the crista terminalis of the completed heart, which indicates, therefore, the line of union of the
right horn of the sinus with the atrium proper. The left venous valve becomes incorporated with
the interatrial septum, and the angle in the posterior wall of the sinus venosus which indicates

the line of union of the right cornua and the intermediate part of the sinus appears in the dorsal

wall of the right atrium, wliere it unites with the dorsal part of the caudal or inferior portion of
the septum secundum of the atrium, and takes part in the formation of the limbus ovalis.

Whilst these changes have been proceeding the right duct of Cuvier has become the lower
part of the superior vena cava, the intermediate part of the sinus venosus and the left cornu are
transformed into the coronary sinus, and the left duct of Cuvier has become the oblique vein of
the left atrium. Thus when the changes mentioned are completed the right part of the atrium
receives the superior and the inferior vena cava and the coronary sinus.
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The Atrio-ventricular Canal.—In the early stages tlie atiio- ventricular canal opeus through
the duivsal wall ul' the \ t^ulricular chamber towards the left side, but, as the ventricle increases in
size, the atriu-veutricular oi)ening moves to the right till it occupies the middle part of the dorsal
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two parts of the primitively single Fig. 829.—Section of the Heart of a Human Embryo.
atrio-ventricular canal become the (Edinburgh University collection.)

right and left atrio-ventricular

apertures of the adult heart, and the margins of the apertures take part in the formation of the
cusps of the atrio-ventricular valves.

The Division of the Atrium.—It has already been pointed out that as the tubular heart

bends on its long axis the atrial chamber forms part of the dorsal limb of the loop. It lies,

therefore, dorsal to the truncus arteriosus and the bulbus cordis, and retains that position

throughout all the later stages of development ; consequently, it forms the dorsal part or base of

the fully developed heart. It has been stated also that, as development proceeds and the atrial

chamber expancls, the right horn of the sinus venosus is absorbed into the right segment of the

dorsal portion of the expanding atrium. Whilst this process of absorption of the sinus A-enosus is

proceeding two other events are taking place : (1) The right and left margins of the atrium grow
ventrally round the sides
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Model showing the Interior of the Right Atuiu.m ok a the septum secundum
;

so

Hdman Embryo 5-5 mm. long. (Edinburgh University collection, named becaii.se the first ap-

Modelled by C. C. Wang.) pears and partly disappears

before the second is formed.

Both the septum primum and the septum secundum grow from the dorsal towards the

ventral wall of the primitive atrium, the septum secundum to the right of the septum primum.

When the septum primum reaches the ventral wall of the atrium it fuses with the dorsal

ends of the endocai-dial cushions of the atrio-ventricular canal. Until this fusion occurs an

aperture, the i^rimary joramm ovale, exists between the two atria and a number of perforations

are formed in the more dorsal portion of the septum ; therefore the passage of blood from the

inferior vena cava through the right part of the atrium into the left part is never prevented.
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The perforations eventually blend togetlier to form the secondary foramen ovale of the inter-

atrial septum. As soon as the septum primuni is completed the primitive atrium is divided into

the permanent right and left atria, each of which communicates through the secondary foramen
ovale, with the atrium of the

Left part of atrio-ventrifularoiitice Truncus arteriosus opposite side, and with the
I
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View of the Interioes of the Right and Left Atria of mediate part of the sinus ap-
A Human Embryo 5-5 mm. long. (Edinburgli University collection, pears in the caudal part of the
Modelled by C. C. Wang.) dorsal wall of the right atrium.

As the septum secundum in-

creases in size its cephalic part grows first ventrally and then caudally and lastly dorsally ; conse-

quently the free border soon becomes concave and the concavity of its margin is directed dorsally.

Both extremities of the free margin of the septum secundum fuse with the right lateral surface

of the septum primum, and the more ventrally situated part of the border, growing along the
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Develoi'MEnt of the Heart and the Main Arteries.

Diagram of the heart, showing the formation of its septa, and of the cephalic portion of the arterial system.

septum primum, fuses with the angle between the right liorn and the intermediate part of the
^nus venosus forming ^yith it the lower part of the limbus fosste ovalis of the fully developed heart.
The remainder of the limbus is formed by the thickened free margin of the septum secundum.

As soon as the septum secundum passes beyond the level of the foramen ovale that portion
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of the dorsal part ol' tlie sfptuiii i)riiuuiii which is not yttt fused willi tlie septum seciuiduni
acts as a flap valve, perniittitig hlood to pass from the right to the left atrium, but preventing
its return. This condiliun persists until birth, when the thickened free margin of the septum
secundum fuses with the right lateral fa<e of tlie septum jirimum, and tlie foramen ovale of the
fcDtus becomes the fossa ovalis of the child. The fossa ovalis is bounded ventrally and caudally
(anteriorly and inferiorly) by the limbus fossie ovalis, wliich is formed mainly by the originally

free ni.ugin of the septum secundum, but to a small extent also by the angle between the right
cornu ami the intermediate j»art of the sinus venosus.

The Division of the Primitive Ventricle, the Bulbus Cordis, and the Tnincus
Arteriosus. Two tacts have alieady been |i(>niled out with rexaid i.. iIh' hiillms i-onlis ; lirslly,

that il forms purl of the cranial or anterior limb of the early loop-shajte<l heart, and secondly,

that it disappears by being absorbed ])artly into the ventricle and partly into the truncus

arteriosus. The i)art absorbed into the ventricle enters into the formation of that nart of the

ventricle which afterwards becomes the right ventricle of the completed heart, an<l the part

ab.sorl)ed into the tnineus arteriosus lengthens that trunk.

The division of the elongated truncus arteriosus into the pulmonary artery and the a.scending

aorta is a lomplicated process in wliiili three factors are associated : (1) a jjroximal and (2) a

distal set of endocardial swidlings in tlie bulbar part of the truncus aorticiis, which are known a-

the proximal and distal bulbar swellings, and (3) a se})tum called the aorto-pulmonary septum,
which a])pears at the cephalic end of the truncus aorticus, growing from the angle l)etween thi-

orifices of the more dorsally situated sixth aortic arches, and the orifices of the two stems which
form the ventral roots of the tii-st four aortic arches. The three sets of elements are, at first,

entirely distinct from one another, but ultimately they blend together to form a spiral septum
by which the lumen of the truncus arteriosus is divided into two channels. One of the two
channels communicates with the right ventricle and the other with the left ventricle. After

the septum is completed it is cleft longitudinally into two parts, and so the truncus is divided

into two vessels, the pulmoiiarv artery which communicates with the right ventricle, and the

aorta which is connected with the left ventricle. .

The proximal bulbar swellings, which take part in the separation of the truncus into

j)ulraonary artery and aorta, are prolonged into the ventricular region as the ventral part of the

bulbus cordis is absorbed into the ventricle, consequently the septum which they form by their

fusion is prolonged into the ventricular chamber, and heljis to separate that cavity into two parts,

l)y fusing with the dorsal end of the cephalic or anterior j^ortion of tlie interventricuLir septum.

The interventricular septum appears as a semilunar ridge on the inner surface of the ventral

part of the wall of the ventricle. At a later period its jiosition is marked on the outer surface of

the ventricle by the interventricular sulcus (Fig. 829) which persists in the completed heart. As
the interventricuLir septum increases in height it fuses with the fused endocardial cushions which
divided the atrio-ventricular canal into right and left parts, and with the ventral border of the

bulbar se])tuni which projects into the dorsal jiart of the ventricular chamber. The comjjleted

interventricular septum consists, therefore, of two distinct parts : a ventral part formed by the

proper interventricular septum, and a dorsal part formed by the lower portion of the fused bulbar

endocardial cushions. The two parts can be distinguished quite easily in the adult heart, for the

interventricular septum is muscular, and it forms by far the greater part of the permanent

septum, whilst the bulbar part of the septum, being develo])ed from endocai-dial thickenings, is

membranous, and it forms the small pars membranacea of the permanent septum, which lies

between the aortic vestibule of the left ventricle and the dorsal part of the right ventricle and

the adjacent ventral pait of the right atrium.

DEVELOPMENT OF THE VEINS.

Simultaneously with the formation of the arteries, by which blood is distributed to the

embryo and to all parts of the zygote, and in a similar manner, a series of vessels is developed

by means of which the blood is returned to the heart. These vessels are the primitive veins
;

they form two main groups which make their appeiirance at different periods.

The first (jmup consists of (1) the vitelline veins which return blocKl from the yolk .sac, and

(2) the umbilical veins which return the lilood from the placenta.

The second ijroup consists of (1) the anterior cardinal veins, (2) the posterior cardinal veins,

the (3) ducts of Cuvier, and (4) the subcardinal veins.

The ducts of Cuvier, one on each side, are the common stems by which the blood of the

anterior and i)osterior cardinal veins is conveyed to the primitive heart. The anterior cardinal

vein returns l)lood from the head and neck and fore limlis. The posterior cjirdiual veins wirry

blood from the body walls, the Wolffian l)odies, and the hind limbs. The subcardinal veins also

are closely associated with the return of blood from the Wolffian bodies.

The veins of the first group are largely transitory. The umbilic^il veins entirely disappear

as blood channels, but a part of the left lateral umlnlical vein is recogni&ible in the adult as the

ligamentum teres of the liver. Portions of the intra-embrj-onic parts of the vitelline veins,

and anastomoses which form between them, remain as the portal vein, its right and left

branches, and the upper end of the inferif)r vena cava.

The anterior cardinal veins, their tribut^iries, and a transverse anastomosis which forms

between them in the more cranialward or upper })ortion of the thoracic region, are converted

into the (1) cavernous sinuses of the cranium, i,2) the internal jugular veiiLs, (3) the innominate

veins, (4) the upper part of the superior veiia cava, and (5) the upper part of the left sui>erior
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intercostal vein. The other venous channels of the cranium and the head and neck and the
uj)per extremities are later formations.

The right duct of Cuvier forms the inferior half of the superior vena cava, and the left duct
of Cuvier becomes the oblique vein of the left atrium.

The posterior cardinal veins take part in the formation of the inferior vena cava, the azygos,
hemiazygos, and accessory hemiazygos veins, and the hypogastric veins. The right subcardinal
takes part in the formation of the inferior vena cava, and an anastomosis between the right and
left subcardinal veins forms a large part of the left renal vein.

The Vitelline and Umbilical Veins and their Association with the Formation of the
Portal System and the Upper End of the Inferior Vena Cava.—The vitelline veins, left and
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Schemata, showing lour stages of the developinent of tlie portal system and

part of tlie inferior vena cava.

right, paas over the wall of the yolk-aac, and, later, along the sides of the vitello-intestinal duct

and the duodenum, towards the caudal end of the heart. For a time each unites with the corre-

sponding lateral umbilical vein to form a common stem, but at a later period each vitelline vein

opens separately into the corresponding coniu of the sinus venosus of the heart.

The umbilical veins are three in number—the vena umbilicalis impar, which passes firat along

the body stalk, and kter along the umbilical cord, and divides into the right and left lateral

umbilical veins, which lun, in the edges of the body wall, along the margin of the umbilical orifice,

to their union, first, with the corresponding vitelline veins, and later with the corresponding

cornua of the sinus venosus of the heart.

On their way to tlie heart, both the vitelline and the lateral umbilical veins pass through
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the maas of iiicsodorni, called the septum Iransversum, which lies in the cranial margin of the
umbilical oritice and at the caudal end of the jx'ricardiuni. The septum transversum afterwards
takes part in tlie fonnation of the diaphragm, the liver, the falciform ligament of the liver and
the lesser omentum. As the liver is formed from it the cardiac ends of the vitelline and latepil

umbilical veins become enclosed in the liver substince, and j)Our their bloo<l into a number of
freely communicating channels or simisoidal sjuices, which form by far the greater portion of the
liver in the early .stages of its development.

Whilst the formation of the sinusoidal 8j)aces is occurring in the liver, the parts of the fore-

gut have biH'U didined, and the vitelline veins, as they approach the growing liver, j)a88 along
the sides of the duodenum and become connected, around it, by three transverse ana.stomoses, two
of which lie ventral and one dorsal to the duodenum. Cranialwards of these anastomoses each
vitelline vein is broken np by the formation of the sinusoidal cliannels in the liver substance,
into a caudal part, the vena advehens, which enters the liver substance, and a cranial part, the
vena revehens, which passes from the liver to the heart. After a time the left vena revehens
loses its direct connexion with the heart, moves acro.'js towards the right, and opens into the
cranial end of the right vena revehens. When this change lias occurred all the blood passing to

the liver by tiie vitelline veins reaches the heart by the cranial extremity of the right vena
revehens, which now becomes the npjjer end of the inferior vena cava. This also receives the
ductus venosus—a new channel, which is evolved from the sinusoidal spaces, and carries the major
part of the blood from the lelt lateral umbilical vein to the ujiper end of the inferior vena cava.

In the meantime degeneration takes place in the ventral and caudal parts of the vitelline veins
and the loops formed by the three transverse anastomoses between them. The ventral parts of the
veins di^^appear with the degeneration of the yolk-sac, and the right half of the caucfalward and
the left part of the more cranialward situated loo]>s also disappear. Simultaneously the superior

mesenteric vein, which has been evolved in association with the formation of the intestine from
the mid-gut, opens into the left vitelline vein, caudal to the dorsal transverse anastomosis, and,

a little later, the splenic vein enters at the same point. The final result is the formation of the
permanent vena portae, which is formed from (1) the cephalic end of the left lindj of the caudal

loop between the vitelline veins
; (2) the doreal anastomosis between the vitelline veins

; (3)

the right limb of the cephalic loop formed by the vitelline veins. The right branch of the portal

vein is the right vena advehens. The left branch of the portal vein is formed from the left vena
advehens, and the most cranialward of the two ventral anastomoses between the vitelline veins. It

is connected with the ligamentum teres of the liver, because the left lateral umbilical vein, which
opened at one time into the left horn of the sinus venosus of the heart, and afterwards into the

sinusoids of the liver, finally becomes connected with the left vena advehen.?, at the level of the

cranialward ventral anastomosis between the two vitelline veins ; and it is connected with the

ductus venosus so that a channel may exist by which the blood from the placenta can pass to the

right vena revehens without much admixture with the venous blood passing to the liver through

the left branch of the portal vein and tlie left vena advehens. Therefore the ductus venosus

is developed from the sinusoidal spaces of the hver when the left lateral umbilical vein is trans-

ferred to the left vitelline vein.

The veme revehentes, which transfer the blood from the liver to the heart, are the cranial

ends of the primitive vitelline veins. The left vena revehens, as already stated, eventually loses

its connexion with the heart and ends in the right vena revehens, which receives the ductus venosus

also. The right vena revehens thus becomes the only channel by which blood is returned to the

heart from the alimentary canal and from the placenta : that is, it becomes the upper or cranial

end of the inferior vena cava. The stems of the right and left venae revehentes become the right

and left hepatic veins which convey to the inferior vena cava the blood which was carried from

the alimentary canal to the liver by the portal vein and its branches.

The sinusoidal spaces become reduced to the blood capillaries of the liver, and the ductus

venosus which, during fcetal life, conveyed the greater part of the placental blood to the inferior

vena cava becomes reduced, after birth, to the ligamentum venosum, which connects the left

branch of the portal vein with the upper end of the inferior vena cava.

As the cranial part of the right vitelline vein is transformed from the right vena revehens

into the upper encf of the inferior vena cava, an outgrowth passes caudally from it, along the

dorsal aspect of the liver; this becomes connected, at its caudal end, with the right subcardinal

vein, and it forms that part of the inferior vena cjiva which lies in the groove on the dorsal aspect

of the right lobe of the liver.

The Umbilical Veins.—In the earliest stages of development there are three umbilical veins,

the vena unibilicalis impar and the left and right lateral umbilical veins. The vena umbilicalis

inipar and the left lateral vein pei-sist until birth, and a remnant of the latter i.s found, in the

adult, as the ligamentum teres of the liver ; the right lateral vein disappears entirely at an

early stage of development.

The vena umbilicalis impar passes from the i)lacenta to the caudal lx)undary of the umbilical

orifice, where it terminates in the left and right lateral umbilical veins. Each of the latter

unites, for a time, with the corresponding vitelline vein ; then it becomes directly connected with

the corresponding cornu of the sinus venosus of the heart, and still later with sinusoidal spaces

of the liver. The right lateral umbilical vein has also a temporary secondary connexion with

the right vitelline vein, but at an early period it undergoes atrophy and all parts of it completely

disappear.

The left lateral umbilical vein, which is connected first with the left vitelline vein, next with

the heart, still later with the liver, and finally with the left vitelline again, at the point where
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the latter becomes the left vena advehens, persists until birth and, after the disappearance of the

right lateral umbilical vein, it conveys the blood from the placenta to the liver, where part of the

placental blood passes into the left vena advehens and so through the left vena revehens to the

inferior vena cava, and part passes into the ductus venosus, by which it reaches that portion of

the cranial part of the right vena revehens which becomes the cranial or upper end of the

permanent inferior vena cava. ,.,..., ^,

After birth when the placental circulation ceases the left lateral umbilical vein becomes the

ligamentum teres of the liver.

Middle plexus
. , .^ ,
Anterior plexus

Posterior plexus ^ ^ ~ ~~~^

Anterior stem

Ophthalmic vein

^^ ,

^ Semilunar ganglion
Anterior cardinal vein -^|

I

'

I

' Middle stem

Primary head vein

Fig. 834.

—

Diagra.ji of the Primary Head Vein and its Tributaries. (After Streeter.)

The Ductus Venosus.—The ductus venosus is developed as the left lateral umbilical vein
loses its direct connexion with the liver and becomes united to the left vena advehens. It is

formed from the sinusoidal spaces of the rudimentary liver and connects the commencement of

the left vena advehens with the cranial part of the right vena revehens. It forms the more
direct channel by which blood from the placenta is passed to the heart through that part of the
right vena revehens which becomes the upper end of the inferior vena cava. After birth it is

converted into the fibrous ligamentum venosum, which connects the left branch of the portal

vein with the upper end of the inferior vena cava.

Middle and anterior plexuses

Posterior plexus

Upper part of anterior stem

— Middle stem

r Lower part of anterior stem

r Ophthalmic vein

Internal jugular vein

Parts of primary heail vein

Fig. 835.—Diagram ok the Head Veins ok a 21 mm. Embryo. (After Streeter.)

The Anterior Cardinal Veins.—The anterior cardinal veins are the veins by which the

blowl is returned to the heart from the head and neck and, ultimately, from the upper extremi-

ties also, although the primitive veins of the upper extremities are, m the first place, tributaries

of the posterior cardinal veins. , ^ •
i .i +v,a

Each anterior cardinal vein may be separated into two parts—the intra-cranial and tlie

extra-craniaL _ , . t- i • -f „+„^
In the majority of vertebrates the portion of each anterior cardinal vein which is situatea

in the head region, and which afterwards becomes intra-cranial, lies to the medial side ol tne

otic vesicle and the 5th, 7th, 8th, 9th, 10th, and llth cerebral nerves.



DEVELOPMENT OF THE VEINS. 1039

At a later period that portion of the vein which lay medial to the otic vesicle and the 7th,
8th, 9th, 10th, and lltli cerebral nerves has di.sai)j>eared and has been replaced l)y u new channel
which is ])laced lateral to the otic vesicle and the 7th, Kth, !>th, 10th, and Utli cerebral nerves!
The new channel extends from the semilunar ganglion of the trigeminal nerve to the upper end
of the extra-cranial jiart of the anterior cardinal vein, that is, to tlie iijtper end of the internal
jugular vein. This secondary vessel follows the coui-se of the facial nerve and in i)art of ita

extent it is e.xtra-cranial.

In the human embryo the stage in which the j)rimitive stem vein lies to the nieflial side of
the otic vesicle and the 7tli, Htli, !)th, loth, and 11th nerves does not seem to occur. At all
events in a 3 mm. embryo in the Edinburgh University Collection, and in a 4 mm. embryo in
the Collection of the Carnegie Institution of Washington (Streeter), the second stage, in which
the posterior part of the cranial portion of the primitive vein lies lateral to the otic vesicle and
the 7th, 8tli, !)th, 10th, and 11th cerebral nerves, is already present and there is no indicjition
of a vein medial to tlie otic vesicl^;.

In the human embryo, therefore, the primitive venous stem in the head region, on each side,
consists of an anterior jiurlion medial to the semilunar ganglion of the trigeminal nerve, and a
posterior portion lateral to the otic vesicle and the 7th, 8th, !»th, 10th, and 11th cerebral nerves

;

for this stem Streeter Ins suggested the convenient term " j)rimarv head vein" (Fig. 834).
The most anterior tributaries of the primary head vein are derived from the region of the

otic vesicle and remnants of tht-m become converted into the o])hthalmic vein, but in addition to
the anterior tributaries there are numerous dorsal or upper tributaries which become arranged
in three main groups: an anterior plexus associated with the regions of the fore-brain and the

Lonfi^itudinal anastomo.seH of vesxelii

of anterior and miiMl); plexuses

Veins of
anterior plexus

Veins of
anterior plexus

Priiiiary head vein

Fig. 836 a.—Diagram of a Transverse
Section ok the Secondary Fore-
brain AND THE Venous Plexuses.

Interventriculai
bramen

Tliini ventricle

Inferior cerebral vein

Fig. 836 b.—Diagram ok a Transverse Section of the
Brain showing the Folding ok the Upper Parts ok

THE Plexuses between thk Cekbural Hemispheres.

mid-brain ; a middle plexus associated with the cerebellar region of the hind-brain ; and a

posterior plexus associated with the region of the medulla oblongata (Fig. 834).

The vessels of each plexus tend to run together as they approach the stem of the jirimary

head vein and so three stems are formed, the anterior, middle, and posterior ; they were described

by Mall in 1904 (Fig. 834). This condition persists until the embryo attains a length of about

18 mm. when an anastomosis forms, above the otic vesicle, between the stems from the middle

and posterior plexuses (Fig. 835), and at the same time that part of the primary head vein which

lay lateral to the otic vesicle and the 7th, 8th, 9th, 10th, and 11th cerebral nerves disappears.

By the time the embryo has become 21 mm. long the anastomosis mentioned has become

very important, and a separation has occurred between the lower and the ui>i)er portions of the

anterior stem tributiiry ; therefore, at that perial, the blood from the eye region Hows backwards

to the anterior end of the primary head vein, then u])wanls along what was the lower part of

the middle stem tribut<iry, next backwards along the anastomosis alxive the otic region to the

posterior stem tributary, down which it j)as.ses to the upper part of the extra-cranial portion of

the anterior cardinal vein which has now become the internal jugular vein (Fig. 836). At this

time the blood from the anterior and middle plexuses reaches the supra-otic anastomosis through

the upper or doi-sal part of the middle stem tributary (Fig. 835).

In the meantime the subdural and subarachnoid spaces have Ijeen forming, and with the

formation of those spaces the main parts of the venous plexuses are carried away from the brain,

with the membrane which will be transformed into the dura mater, but in part the plexuses

still retain their connections with the piamater on the brain surface, and they afterwards

establish new connections with the veins which appear on the surfaces of the developing

cerebral hemispheres. In the meantime on each si(le the upper or dorsal tributaries of the

anterior and the middle plexus anastomose together (Fig. 835).
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-^-— Superior sagittal sinus

Cerebral hemisphere

Inferior sagittal sinus

Lateral ventricle

— Chorioid plexus of lateral ventricle

. Internal cerebral vein

Chorioid plexus of third ventricle

^TtirrT^.Vena basalis

Vena basalis

Fig. 837 a.—Diagram of a Transverse Section of the Brain showing
Sagittal Sinuses still connected by Remains of the Plexuses.

- Superior sagittal sinus

When the cerebral hemispheres increase in size the dura-matral tissue is compressed between
them, and between the cerebral hemispheres above and the mid- and hind -brain below, in the
form of folds (Figs. 836 a and b). As the folds are formed the conjoined anterior and middle
plexuses of one side are carried into relation with those of the opposite side in the median plane
of the head ; there the vessels of opposite sides unite together and are finally resolved into the
superior and inferior sagittal sinuses and the straight sinus (Figs. 837 a and b), and at the same

time some of the
smaller vessels of the
plexuses which re-

tain their connection
with the piamater
are transformed into

the internal cerebral

veins and the great
cerebral vein ; and
from some of the
lower or ventral
tributaries, on each
side, is produced
the inferior cerebral

vein of the embryo
which probably be-
comes the vena
basalis of the adult
(Figs. 837 B, 838).

Whilst the changes
last mentioned are

taking place the
growth of the hemi-
spheres forces the
upper part of the
middle stem tribu-

tary on each side

backwards and then
downwards until it

becomes the hori-

zontal part of the
transverse sinus (Fig.

838), whilst the an-
astomosis above the
otic region and the
posterior stem tribu-

tary are converted
into the sigmoid
portion of the trans-

verse sinus (Fig. 838).

By the time this

stage is attained the
anterior jjortion of

the primary head
vein which lies to

the medial side of

the semilunar gang-
lion has become the
cavernous sinus, and
the lower or ventral

part of the middle
stem tributary has been converted into the superior petrosal sinus (Fig. 838).

The inferior petrosal sinus appears to be an independently formed anastomosis which
connects the posterior end of the cavernous sinus with the upper end of the internal jugular
vein across the medial .side of the otic region (Fig. 838).

The extra-cranial parts of the anterior cardinal veins become connected together, in the
upper or cephalic part of the thoracic region, by a transverse anastomosis which becomes the
greater part of the left innominate vein. A short distance cranialwards to this transverse

connexion, the primitive vein of the upper limb ultimately opens into the anterior cardinal

vein. The portion of the anterior cardinal vein of the right side, which lies between the
entrance of the limb vein and the transverse anastomosis, becomes the right innominate vein
(Fig. 839j, and the corresponding part on the left side forms the commencement of the left

innominate vein.

The part of the extra-cranial portion of each anterior cardinal vein which lies cephalwards
of the entrance of the limb vein forms the internal jugular vein ; and the part of the right
anterior cardinal vein which lies caudalwards- of the transverse anastomosis becomes the upper

^^s-- Cerebral

[- Lateral ventricle

Inferior sagittal
sinus
Great cerebral
vein

Vena basalis

Fig. 8.37 b.

.Mi<J-l)rain

-I)ia(;kam of a Transverse Section of the Brain after
Completion of the Sagittal Sinuses.
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or cephalic part of the superior vena cava, wliil^t tlic correspomliiif,' jwrtion of the k'ft vein is

converted into the ujiper i>art nf tin- left superior intercostal vein (Fig. 839j.

The external jugular vein is a new formation which receivea for a time the cojdialic vein of

the upper extremity ; hut the cephalic vein, which is a secondary vessel, is eventually transposed
to the axillary vein, wliicli is a jiart of tlie primitive iijiper limb vein.

The Posterior Cardinal Veins, the Subcardinal Veins, and the Inferior Vena Cava.—
The posterior cardinal veins appear later than the anterior cardinal veins and they ter.ninate
cranialwards in the ducts oi Cuvier. They lie doi-Sid to the Woltlian hollies and they
become connected with each other, dorsal to the descending aorta, by numerous transverse
anastomoses.

The subcardinal veins appear later than the posterior cardinals. They lie along the ventral
borders of the Wolffian bodies and they are connected not only by dorso-ventral anastomoses with
the posterior cardinal veins, but also bj- transvei-se anastomoses with one another. The majority
of both sets of anastomosing vessels ultimately disajtoear, but two remain ; one which joins the
right sulicardinal to the right jjosterior canlinal, at tue level of the right renal vein ; and one
which connects the subcardinal veins together, across the ventral surface of the aorta, at the
same level.

After a time an anastomosis is formed between the right subcardinal vein and the cephalic

end of the right vena revehens, dorsal to the liver, by the caudal outgrowth of an anastomosing

Superior sagittal siniis

Transverse sinus,

horizontal part
= upi)fi- part of

I

miiliUe stem

Inferior sagittal sinus

Internal cerebral veins

Vv. basales

Sigmoid part of
transverse sinus

Terminal part of sigmoid portion
of transverse sinus = posterior stem

- Remnant of anterior stem

thalmic vein

Semilunar pinglion

Inferior petrosal sinus

* Superior petrosal sinus = lower part of middle stem

_, Internal jugular vein

Fig. 838.

—

Diagram of the" Venous Sindses. (Only one transverse sinus is shown).

offset from the right vena revehens. As soon as the anastomosis is completed the blood from

the caudal portion of the body and from the lower limbs is short-circuited to the heart, and

extensive changes occur in the primitive posterior cardinal veins, into which in the meantime

the veins from the lower extremities have opened.

The Posterior Cardinal Veins.—The right posterior cardinal vein, cephalwards of the right

renal vein, becomes the vena azvgos. Between the right renal vein and the entrance of the

lower limb vein it forms the caudal or lower part of the inferior vena cava and the right common

iliac vein ; the remainder of the right posterior cardinal vein becomes the right hypogastric vein.

Two of the transverse anastomoses between the ])osterior cjirdinal veins form the transverse

parts of the hemiazygos and accessory hemiazygos veins ; others ])ecome converted into those parts

of the left lumbar veins which lie dorsal to the aorta, and one, which lies opposite the fifth luml)ar

somite, becomes the greater part of the left common iliac vein.

Portions of the left posterior canlinal vein remain as the left hypogastric vein, the

hemiazygos and the accessory hemiazygos veins and the lower part of the left superior intercostal

vein.

The tributaries of the right posterior cardinal vein l>ecome the right intercostal, subcostal,

and the right lumbar veins. The right renal vein is also one of its tributaries. The tributaries

of the left posterior cardinal become the left intercostal and subcostal veins, and they form those

parts of the left lumbar veins which lie to the left of the vertebral column, and the corresponding

part of the left renal vein (Fig. 839).

The Subcardinal Veins.—The only important parts of the subcardinal system which remain

in the adult are a portion of the right subcardinal vein, one of its anastomoses with the right

posterior cardinal vein, and a transverse anastomosis between the subcardinal veins. The last

61
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forms the part of the left renal vein which crosses the front of the abdominal part of the aorta,

and the first two form that part of the inferior vena cava which extends from the liver to the
entrance of the renal veins.

The Inferior Vena Cava.—It follows, from what has been said, that the inferior vena cava is

a composite vessel derived from five sources : (1) the cephalic end of the right vitelline vein
;

Internal jugular

External jugular vein

Vertebral artery
Left innominate vein

Subclavian artery
Subclavian vein

Right pulmonary artery

Superior vena cava

Ritilit atrium-

Vena azygos

Right ventricle

Inferior vena cava,
vitelline vein portion

Inferior vena cava, down-
growth from vitelline vein-

Right and left branches
of portal vein

Portal vein

Remains of vitelline vein
Inferior vena cava
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Right renal vein

Right lumbar vein

1st aortic arch

Internal carotid

2nd aortic arch
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~>i- -"Arch of aorta
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\ Left subclavian vein
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Left lumbar vein

Inferior mesenteric artery
'

^^^_^^^^ Umbilical arteries

Common iliac artery

External iliac artery

—

Umbilical artery - i

Fig. 8.39.

—

Diagram ok the Course of the Fcetal Circulation.

(2) a caudal outgrowth from the ceplialic part of the right vitelline vein
; (3) a portion of the

right subcardiual vein
; (4) an anastomosis between the right suV)cardinal vein and the right

posterior cardinal vein ; and (.5) a portion of the right posterior cardinal vein.

Tlie Veins of the Extremities.—The primitive veins of the extremities are superficial veins

whicli run along tlie corresponding borders of the two limljs, i.e. the ulnar border of the upper and
the fibular border of the lower limb.

Tlic primitive vein of tlie upper extremity, which becomes the basilic vein, the axillary vein,

and the subclavian vein in different regions, opens at first into the posterior cardinal vein, after-

wards into the duct of Cuvier, and finally into tlie anterior cardinal vein.
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The cephalic vein of llie upper extremity appears at a later periwl and, in the first instance
joins the external jugular vein, the jtrimitive termination being occasionally retained in adult
life. At a later jieritxl its terminal extremity is transferred to the axillary vein.

The deep veins wiiieh accompany the arteries are the latest venous formations of the
extremities.

The primitive vein in tin- lower extremity becomes the small saphenous vein, which in con-
tinued proximally, as the inferior glutaeal vein, tu that part of the posttii<ir laidinal vein whicli
later becomes the hyi)ogastrii- vein, 'i'lie great saphenous vein and the femoral vein appear later
and are continued to the posterior cai-dinal vein as the external iliac vein. After the external
iliac vein joins the posterior canlinal vein the i)art of the latter vessel wliicli lies caudal to the
point of union is called the hypogastric vein.

THE DEVELOPMENT OF THE LYMPH VASCULAR SYSTEM.

Very little is known regarding the origin of the vessels of the lymph vascular system in man,
l)ut during recent years numerous investigations have been made witJi the object of di.scovering
the various phases of the development of the lymph vascular .system in other mammaLs ; some of
the main jioints are however still sulijects of di.s2)ute.

It is generally admitted that the terminal parts of the great lymph ve.ssel.s, that is, the
terminal part of the thoracic duct and the right lymphatic duct, are derived from venous channels,
which, for a time, lose their connexion with the larger veins and become modified into terminal
lymph sacs which obtained a secondary union with the great veins at the root of the neck ; but
regarding the origin of the thoracic duct and the cisterna chyli and the })eripheral lymph vessels
there is, as yet, no agreement According to Florence Sabin, and those wlio agree with her, the
peripheral lymph vessels are outgrowths from a series of lymph sacs, themselves of venous origin,
and from veins. Of the lymph sacs the two cervical, a retro-peritoneal, a cisterna chyli, and two
posterior sacs, lying along the inferior gluteal veins, are recognised in human embryos of about
24 mm. length. The origin of these sacs, in the human embryos, has not been proved, but it

appears probable that the cervical sacs are derived as in other mammals from venous capillary
vessels. There is no agreement, however, concerning the origin of the other sacs, for whilst, on
the one hand, Florence Sabin appears to believe that they have an origin like that of the
jugular lymph sac^ and that the thoracic duct is developed in the same manner, Huntington, on
the other hand, believes that, with the exception of the jugular or cervical lymph sacs, all the
other lymj)!! vessels, including the thoracic duct, are developed neither as outgrowths from
lymph sacs nor by the modification of venous capillaries, but by the formation of endothelial
lined spaces in the mesodermal tissues. The spaces are at first entirely closed but afterwards
attain union with one another and with the terminal lymph vessels.

According to tlie view upheld by Florence Sabin and her supporters, the lymph vessels are
outgrowths from the venous system, and are, therefore, lined with endothelium which is

genetically the same as that in the veins. According to Huntington this is not the case ; for

his observations lead him to believe that the endothelium of the lymph vessels is formed, in
situ, from the mesodermal cells, and it has, therefore, no direct genetic connexion with the
endothelium of the veins, which is derived from the original angioblast. The evidence brought
forward by the supporters of the opposite views is interesting and instructive upon many
points, but the question must still be regarded as an open one.

The Development of Lymph Glands.—Lymph glands are developed from plexuses of lymph
vessels. The transformation is brought about by the aggregation of numerous lymjihocytes in

the connective tissue strands of tlie plexuses and the transformation of the lumina of the vessels

into the peripheral and central portions of the lymph sinus. The stroma, the Ciipsule, and the

f)roper substance of a lymi)h gland are therefore formed from the fibro-celhdar reticulum of the
ymphatic plexus, and the cavity of the lymph sinus is formed from the lumina of lymj)!!

capillaries. The rudimentary lymjjh glands possess blood vascular as well as lymphatic
capillary networks, and if the blood vascular network preponderates over the lymph vascular the
developing gland has a reddish appearance and is known as a ha?mal gland. Such glands are

found in man (Schiifer) as well as in other mammals, and it would ajjpear from the recent observa-

tions of S. V. Schumaker that haemal glands are merely rudimentary forms of true Ivmph glands

(Arch.f. mikr. Anat. H. 2., 1912).

MORPHOLOGY OF THE VASCULAR SYSTEM.

In conformity with the general plan of the vertebrate body, the vascular system is essentially

segmental in character. This is obvious, even in the adult, in the intercostal and lumbar
vessels. It is distinguishable, though less obvious, in the vessels of the head and neck and of

the pelvis.

The intereegmental arteries and veins form a series of bilaterally symmetrical vessels, each

of which is united to the vessels of adjacent segments by segmental channels, which anastomose
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witli one another, through the portions of the intersegmental vessels which they connect

together, and thus form longitudinal trunks. The longitudinal trunks are mainly, though
not exclusively, seg-

mental. From them
the main stem vessels

of the individual are

formed, and from or

to these latter the in-

tersegmental vessels

appear to proceed as

branches or tribu-

taries.

In the course of

development the
longitudinal trunks
become the most im-
portant trunks in the
individual, and they
are formed before the

branches and tribu-

taries make their

appearance.

So.SA. 1

CAA.I

Fig. 840.
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Diagram of the Cephalic Aortic Arches, and of the Segmental
AND Intersegmental Arteries in the Region in front op the Umbilicus.
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THE SEGMENTAL
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THEIR ANAS-
TOMOSES.
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original characters are retained. Tlie i)aired ve.s.sels pass dorsally, by the sides of the vertebra?,

and divide into dorsal and ventral branches wliich acconiitany the corresponding anterior and
posterior divisions of tlie spinal nerves.

The ventral branches run ventro-laterally, between the ribs, in the thoracic region, ant^ in
corresponding positions in the hind)ar region, and together with the stems they form tlie main
parts or trunks of the vessels in the thoracic and lumbar regions. They are connectefi together,

near their coninu'iicemeTits, by a series of pre-costal anastomoses which pass in front of the necks
of the ribs, and they are also connected together, near their terminations, by ventral anastomos-
ing channels which run, in the thoracic region, behind the costal cartilages, and in the lumbar
region behind or in the substance of the rectus abdominis muscle. Each ventral branch gives off

a lateral offset which is distributed like the lateral cutaneous branch of a spinal nerve, and
tiie ventral brincli together with the stem of the intersegmental arterj- forms the trunk of

an intercostal or luml)ar artery in the adnlt.

The dorsal branches, which are present before the ventral branches, run dorsally between the
transverse processes of the vertebrae, and form the posterior l)ranche8 of the intercostal arteries and
tiie dorsal branches of the lumbar arteries of the adult ; they are connected, behind the necks of

the ril)s, liy post-costal anastomoses, and again, behind the transverse processes of the vertebrae, by

Pre-laminar aiiastoinosi

Post-iiPural anastomosis
Pri'-iidiral atiastomosi.s

Post-transverse anastomosis

Post-oentral anastoniosi

Post-costal anastomosis

Pre-co.stal anastomosis

Somatic intersegmental artery

Intermediate visceral artery

Primitive dorsal aorta

Splanchnic artery

Lateral branch of the ventral
division of a somatic

intersegmental artery

Dorsal siilanclinic anastomosis

Ventral splanchnic anastomosis

Branch to a ventral enteric diverticulum

Ventral somatic anastomosis

Fig. 842.
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Diagram showing the Arrangement and Communications of the Segmental and
Interseojientai. Arteries at an bablt Stage of Development.

C, Ccelom ; In, Intestine.

post-transverse anastomosing channels. Moreover, each dorsal branch, as it passes by the cor-

responding intervertebral foramen, gives off a spinal offset which enters the spinal canal, along

the corresponding nerve-root, and divides into a dorsal, a ventral, and a neural branch. The
dorsal branches of these spinal arteries are connected together along the ventral surfaces of the

laminae by pre-laminar anastomoses, and the ventral branches are united on the dorsal surfaces

of the vertebral bodies (or centra) with their fellows above and below by post-central anastomoses ;

they are also united with their fellows of the opposite side by transverse communicating channels.

The neural branches of the spinal arteries divide similarly into dorsal and ventral branches

;

the dorsal branches of each side are connected together by post-neural anastomoses, which form

the posterior spinal arteries ; and the ventral branches unite, in the median line, both with their

fellows above and below and with those of the opposite side, forming a single longitudinal

pre-neural trunk, the anterior spinal artery.

In the thoracic and lumbar regions of the body the somatic intersegmental arteries persist, and

form the intercostal and lumbar arteries. These vessels spring trom the dorsal aspect of the

descending aorta, usuallv in pairs. The corresponding vessels of opposite sides, however, occa.'iion-

ally fuse together at tlieir origins, simultaneously with the fusion of the dorsal longitudinal

trunks to form the descending aorta, and then the arteries of opposite sides arise by common
stems.

The pre-costal anastomoses between the ventral branches of the somatic intersegmental arteries

are only represented in the thoracic region by the superior intercostal arteries ; in the lumbar

region they disappear entirely. The anastomoses between the anterior ends of the ventral
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branches of the somatic intersegmental arteries persist as the internal mammary and superior
and inferior epigastric arteries.

The lateral offsets of the ventral branches are represented by the cutaneous arteries which
accompany the lateral cutaneous branches of the spinal nerves, and the lateral branch of the seventh

somatic intersegmental artery forms
the greater part of the arterial

stem of the upper limb.

The post-costal and post-trans-

verse anastomoses usually disappear

in the thoracic and lumbar regions,

but the post - costal anastomoses
occasionally persist in the upper
thoracic region, and take part in the
formation of the vertebral artery,

which in such cases arises from the

first or second intercostal artery.

In some carnivora the post-costal

longitudinal vessels persist in the

upper thoracic region, and form, on
each side, a trunkwhich is connected
with the first aortic intercostal, and
which supplies the first five inter-

costal spaces.

The pre -laminar, the post-

central, and the pre- and post-

neural anastomoses persist, the

latter two aiding in the formation

of the thoracic and lumbar portions

of the anterior and posterior sj)inal

arteries respectively.

It is in the cervical region,

however, that the most interesting

changes occur. The first six pairs

Fig. 843. —Diagram of the Segmental and Intersegmental of somatic intersegmental arteries

Arteries at a later Period of Development than in lose their connexions with the
Fig. 812. dorsal roots of the aortic arches, i.e.,

C, Ccelom ; D.A, Dorsal aorta ; D.Sp, Dorsal splaucliuic anastomosis ;
in other words, with the longi-

IN, Intestine ; V.E.D, Branch to ventral enteric diverticulum ; tudinal anastomosing channels in

V.Sp, Ventral splanchnic anastomosis. that region. The seventh pair,

however, persist in their entirety
;

and from them are formed, on the right side, a portion of the subclavian trunk, and on the
left side the whole of the subclavian stem from its commencement up to the origin of the

vertebral artery. On each side the ventral branch of the seventh intersegmental artery forms
that portion of the
subclavian artery
which lies between
the origins of the
vertebraland internal

mammary arteries,

and also the trunk of

the internal mam-
mary artery as far as

tlie upper border of

the first costal cartil-

age. The remainder
of the internal mam-
mary artery repre-

sents the ventral
longitudinal anasto-

raoses between the
ventral branches of
the seventh and the
following somatic in-

tersegmental arteries.

The continuation of

the subclavian artery,

beyond the inner
margin of the fii-st

rib, is the persistent

Post-neural anastomosis
Post-central anastomosis

Post-transverse anastomosis
Post-costal anastomosis

Pre-costal anastomosis

Pre-laminar anastomosis

I

Pre-iieural anastomosis

Somatic intersegnjental
artery

Primitive dorsal aorta

Lateral branch of a somatic
intersegmental artery

Cephalic aortic arch

Branch to a lateral enteric

diverticulum

Primitive ventral aorta

Ventral somatic anastomosis
Branch to a ventral enteiic diverticulun)

Fio. 844.

—

Diagram showing the Arhanoemknt and Communications of the
Segmental Artekies in the Region of the Cephalic Aortic Arches.

In, Intestine.

and enlarged lateral offset of tlie ventral Vjranch of the seventh somatic intersegmental artery,

which is continued into the upper limb, caudal or postaxial to the shoulder girdle. The thyreo-
cervical trunk and the superior intercostal artery, both branches of tlie subclavian artery, are



INTEESEGMENTAL ARTERIES AND THEIR ANASTOMOSES. 1047

persistent pre-costal anastomoses, and the ascending cervical art^Tv Itelitugs to the same series of
vessels. The vertebral artery, which appears as a ]>ranch of tlie sul)clavian in the adult, is,

morphologically, .'^omewhat complex. The fii-st part represents the dorsal liranch of the seventh
somatic intersegmental artery ; the second part, that pa.'^.'^ing tlirough the cervic;il transverse
processes, consists of the persistent post-cosUil anastomoses between the rlorsal brandies of the
first seven intei-segmental arteries ; a third part, that lying on the arch of the atlas, is thj spinal
branch of the first somatic intersegmentil artery and its neural continuation ; whilst finally the
upper part of the vertebral artery, the part in tlie cranial cjivity, appears to represent a jiro-

long;ition of the pre-neural anastomoses, whicli still farther upwards are probaJjly representea Ijy

the basiliir artery. As already stated, the pust-costal anastomoses l>elow the seventh intersegmental
artery occasionally persist, and in such cjises the vertebral may lose its connexion witli tlie sub-
clavian, and spring from one or other of the posterior brandies of the upper uitercostal arteries.

The profunda cervicis artery is to be regarded as a remnant of the post-transverse longi-
tudinal anastomoses.

The origin of the seventh somatic intersegmentil artery from the doi-sal longitudin;d trunk
is, at first, some distance caudal to the sixth aortic arch, but, simultaneously with the elongation of
the neck and the retraction of the heart into the thoracic region, it is shifted cranialwards until
it is opposite the dorsal end of the fourth aortic arch.

The middle sacral artery is formed bv the fusion of two vessels, each of which springs from the
dorsjil surface of the aorta. It is regarded as the direct continuation of the descending aorta.

The lateral or intermediate visceral arteries supply the organs derived from the inter-

mediate cell mass. Tliey I'ltrin a somewhat irregular series of vessels in the adult, but pre-
sumably in the primitive condition there was a pair in each segment of the bwly ; many of

these disappear, however, and the series is only representetl in the adult by the suprarenal,
the right renal, part of the left renal, and the testicular or ovarian arteries—possibly, also, by
some of the branches of the liypogastric arteries.

The splanchnic arteries arise in the embryo from the ventral aspects of the primitive
dorsal aort;e, and are not strictly either segmental or intersegmental in arrangement. They are
distributed to the walls of the alimentary canaL Each anastomoses with its immediate neigh-
bours on the dorsal wall and the ventral walls of the gut.

After the fusion of the dorsal longitudinal trunks to form the descending aorta, the roots of

each pair of the splanchnic arteries fuse into a common stem, or either the right or left artery

altogether disappears, whilst at a later period the majority of the splanchnic arteries lose their

direct connexion with the descending aorta ; those which retain their connexion are the cceliac

artery and the superior and inferior mesenteric arteries.

The bronchial and oesophageal arteries are later formations. They appear to correspond morpho-
logically with the more primitive splanchnic arteries, but the developmental history is not known.

Tlie left gastric branch of the cceliac artery, as it passes from its origin to the small
curvature of the stomach, represents a right splanchnic artery ; the remainder of tlie left gastric

artery and the right gastric liranch of the hepatic are remnants of the ventral anastomoses between
the splanchnic arteries cephalwards of the umbilicus.

The splenic artery is a branch given off from a splanchnic artery to an organ developed in the

raesogastrium, and the hepatic is a branch from the ventral splanchnic anastomoses to the

hepatic diverticulum from the wall of the duodenal portion of the fore-gut.

The superior and inferior mesenteric arteries represent at their origins splanchnic branches,

and in the remainder of their extent they represent the dorsal anastomoses on the gut walL

The Aorta, Pulmonary Artery, and other Chief Stem Vessels.

The heart and the majority of the great arterial trunks of the body, including the aorta, the

innominate, part of the right subclavian, the common, external, and greater parts of the internal

carotids, and the pulmonary arteries, are all modified portions either of the primitive aortae or

of the aortic arches. The developmental changes, which result in the formation of the vessels

named, are described in the preceding chapter, and the morphology of these vessels is obviously

the same as that of the trunks from which they are derived.

It will be sufficient, therefore, to point out that the primitive aortas may Ije regarded

as the greatly enlarged pre-central or pre-vertebral longitudinal anastomoses between the

successive intersegmental arteries of each side ; obviously, therefore, each primitive aorta, like

the rest of the longitudinal anastomoses, consists chiefly of segmental elements. The origins of

the intersegmental vessels enter into its formation only in so far as they connect the segmental

vessels together, and so complete the longitudinal anastomoses.

The first cephalic aortic arches are simply portions of the primitive aortai. The other

aortic arches have possibly a diflferent morphological significance, but their exact nature is not

definitely settled.

The second, third, fourth, fifth, and sixth cephalic aortic arches of each side are developed in

the undivided mesoderm of the head region, caudal to the fii-st arch. They spring from the part

of the primitive aorta which, after the head fold is formetl, lies on the ventral aspect of the fore-

gut, and they extend, at the side of the pharjTigeal part of the fore-gut, to the dorsal aorta. Thu.<,

in some respects they may be looked upon as segmental vessels. In addition to the ves-sels already

mentioned, there are given off from the ventral aortie and the aortic arches. a series of branches

which supply ventral and lateral diverticula from the alimentary canal ; these are represented

*in the adult' by the superior thyreoid, the thyreoidea ima.

(\1 n



1048 THE VASCULAK SYSTEM.

Iliac Arteries and their Branches.—The common iliac arteries are formed from the

secondary roots of the luiihilical arteries, and their exact morjdiological jjosition is uncertain.

The true morphological position of the hy])ogastric arteries is not yet defined. They also are

parts of the secondary roots of tlie umbilical arteries, and they give off both somatic and
splanchnic branches ; therefore they do not correspond either with somatic intersegmental or

with splanchnic arteries. The branches of the hypogastric artery are arranged in two groups

—

(1) a visceral set which supplies the walls of the hind-gut and the genital organs, and (2) a

parietal set which is distributed to the body wall and to the hind-limbs. The branches dis-

tril)uted to the gut ])robably represent the splanchnic vessels, more or less homologous with

ordinary splanchnic branches of the jnimitive aortre, and the parietal branches are possibly

the homologues of intersegmental arteries.

The Limb Arteries.

In all i)robability the vessels of both the upper and the lower limbs are derived originally

from several somatic intersegmental arteries, the majority of which, however, have atrophied.

Tlie upper limb is supplied in man by the lateral offset from the ventral branch of the seventh

somatic intersegmental artery. It passes into the extremity caudal to the shoulder girdle, courses

through the arm, enters the cubital fossa, and is continued through the forearm, in the early

stages, as the volar interosseous artery, which terminates in the deep part of the palm, in the

deep volar arch. At a later period, ontogenetically, a median artery appears as a branch of

the parent stem, and it terminates in a superficial volar arch ; still later the radial and ulnar

branches are formed. The latter grow rapidly, soon exceeding in size the parent stem, and they

terminate in the superficial and deep volar arches. The interosseous and median arteries decrease,

and generally lose their direct connexions with the volar arches. The dorsal interosseous artery

is also a secondary branch from the parent stem, and the digital arteries are offsets from the volar

arterial arches.

The chief arteries of the lower extremities spring directly from the secondary roots of the

umbilical arteries, and may be looked upon as being essentially intersegmental ; whether they

represent the whole or only parts of typical somatic intersegmental arteries, however, is not clear.

The arteries of the lower limbs certainly show no very obvious indications of division into

dorsal and ventral branches, though such indications are not entirely wanting. In their com-
parative absence it is supposed that the dorsal branches have been either suppressed or incor-

porated with the common stems ; that similarly the ventral branches and their lateral offsets

are indistinguishably fused, and that probably both are represented in a limb artery.

The original stem vessel of the lower limb is the inferior glutseal artery, which is continued

di.stally, caudal to the pelvic girdle, into the popliteal and peroneal arteries, and so to the

])]antar arch. Subsequently the external iliac artery is given off from the secondary root of the

umbilical artery, dorsal to the origin of the inferior glutaeal, and, passing into the limb cranial-

ward of the pelvic girdle, it becomes the femoral artery. This vessel ultimately unites with

tlie i)roximal part of the popliteal artery, and after this communication is established the distal

part of the inferior glutasal atrophies and loses its connexion with the popliteal, which hence-

forth appears to Ije the direct continuation of the femoral trunk ; therefore, whilst the main
artery of the upper limb is formed by the prolongation of the lateral branch of one segmental

artery, the corresponding vessel of the lower extremity is developed from rejaresentatives of,

proba])ly, two somatic segmental arteries, the external iliac and femoral trunks being the

representatives of one, whilst the popliteal and its continuation, the peroneal, are parts of

another.

The finst main artery of the leg, ontogenetically, is the peroneal, which is continued into

the plantar arch ; after a time, however, the posterior and anterior tibial branches are given

off from tlie .stem, over which, as a rule, they soon preponderate in size, and they terminate in the

plantar arch, whilst the parent trunk diminishes and loses its direct connexion with the arch.

The peroneal artery corresponds in position and development with the common interosseous

ti'unk and the volar interosseous artery in the forearm. The posterior tibial apparently corre-

sponds with the median artery; it develops in a similar way, and has similar relations to

homologous nerves, the tibial nerve representing the combined median and ulnar nerves

of the upper extremity.

The anterior tibial artery rejiresents the dorsal interosseous, whilst the radial and ulnar

arteries of the upper extremity are not represented in the lower limb.

MORPHOLOGY OF THE VEINS.

Two dorsal longitudinal vessels, one on each side, connect the successive intersegmental

veins together. They do not, however, in any part of their coiiT'se, fuse together to form a

single ve.s.sel comparable to the descending aorta.

Of these dorsal longitudinal vessels, that on the right side greatly enlai'ges, and from it the

main stem vessels which rcjtuni blood from the body walls, the head and neck, and the limbs, are

almost entirely formed. Tlie left dorsal longitudinal ves.sel remains leiatively small-—in parts,

indeed, it altogether disappears— and the Vjlood conveyed to it by the corresponding inter-^

PffMiiciilnl vr-iim ii; f f.-iiiQinitlficI n^vnuu i^,n iiif.rli-iii iilnnp In ibe rliicf fliuclioiial SfeiU 1)V later
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clevt'lu|KMl ami siiin racldcd traiisvei-se conuiiunicating cliuiim-ls, whicli are roriiied lH'tWf«-ii ihe
more priiiiitivf loiigitudinal aiiastoiiioses.

The ])riiiiitivc doisal longitudinal anastomosing clianiiel.s include on each nide (I) tin- anterior
cardinal vein, (2) the j)()sterior canlinal vein, and (3) the duct of Cuvier; the la.st-narne«i vemel
which opens into the sinus venosus of the primitive heart, is, originally, i>art of the anterior
cardinal vein ; it lieconies cidarged and receives a special name after the union of the posterior
with the anterior cardinal vein.

The cardinal veins return l)loo<l not only from tlie limbs and Ixxly wall, but they are al«o, in
the early stages, the only vessels by which bliKxl is returned from the derivatives of the inter-
mediate cell tract, I.?, the kidneys, the genital glands, and the sui)rarenal glands. At a later
period other longitudinal anastomoses, called the subcanlinal veins, ai)j)ear, and into thcM- a large
part of the blood from the derivatives of the intermediate cell tract is pourwl. It is fnjm thew;
vessels, and from the transvei-se communications which are establishe<l lx»tween the cardinal and
subcanlinal veins of opposite sides, that the chief veins of the liead and neck and the Uxly are
fornu'd ; there is in addition, however, a later-formed vessel, the upper iiart of the inferior vena
cava, which is developed inde])endently of the veins previously mentioned. Moreover, it niiwt not
be forgotten that the veins of the extremities are, like the extremities themselve.s, secondary
structures, and that they are developed at a later peiiod than the veins of the trunk, with which,
however, they ultimately communicate.

In the light of these facts the morphology of the chief veins of the head and neck, the
trunk and limbs may now be considered.

The cavernous sinuses are remnants of the ])riniary head vein. The other blfxxl sinu.ses of
the cranium are either secondarily formed vessels, or anastomoses between the tributaries
of the anterior cardinal veins, or anastomoses between those tributaries and other newly
formed veiiis.

The internal jugular veins are also portions of the anterior cardinal veins.

The right innominate vein is a part of tlie right anterior caitlinal vein. A small part
of the left innominate vein is formed from the left anterior cardinal vein, the greater part is

derived from a transverse anastomosis between the two anterior cardinal veins.

Other remnants of the anterior cardinal veins are the upper parts of the superior vena cava
and left superior intercostal vein.

The basilic vein and its prolongations, the axillary vein and the suljclavian vein, are derived
from the ulnar or post-axial primitive veins of the superior extremities. The external jugular vein
is a secondary formation, and the cephalic vein is the radial or pre-axial vein of the upper
extremity which opens first into the external jugular vein and at a later period into the
axillary vein.

The superior vena cava represents the lower part of the anterior cardinal vein and the right

duct of Cuvier, and the oblique vein of the left atrium represents the left duct of Cuvier.
The azygos vein is the upper or cephalic part of the right posterior cardinal vein, and the

vertical parts of the hemiazygos ana accessory hemiazygos veins are remnants of the left

posterior cardinal vein, whilst the transverse portions of the hemiazygos and accessory liemi-

azygos veins represent transverse anastomoses between the posterior cardinal veins.

The inferior vena cava is a compound structure representing parts of five different structures.

Its upper end is the transformed cephalic end of the right vitelline vein. The portion posterior

to the liver is a secondary outgrowth from the right vitelline vein. The part between the

liver and the right renal vein represents a part of the right subcanlinal vein and an anastomosis

between it and the posterior cardinal vein, and the remainder is a portion of the right posterior

cardinal vein.

The right common iliac vein is a ]iart of the right posterior cardinal vein, but the left is

a compomul structure. Its lower part probably represents a portion of the left posterior

cardinal vein, but tlie greater part is a persistent transverse anastomosis between the posterior

cardinal veins.

The hypogastric veins are remnants of the posterior cardinal veins.

The popliteal and the inferior glut;eal veins are remnants of the primitive fibular vein of the

lower limb, and the external iliac vein is the trunk formed by the union of the tibial and the

deep veins of the lower limb which are secondary formations.

Visceral Veins.—The portal vein represents portions of both vitelline veins and of the middle

anastomosis between them.
The right gastric vein is a splanchnic ventral longitudinal anastomosing vein. The left

gastric vein is pai-tly a ventral and partly a dorsal splanchnic longitudinal ana.*itomosis, and

the superior and inferior mesenteric veins are dorsal sj)lanchnic longitudinal vmous anastomoses,

the splenic vein being merely a tributary from a lymjdioid organ develoi>ed in the dorsal

meso-gastrium.
The anterior facial vein is a combination of somatic and splanclinic veins of several segments,

and the internal maxillary vein is probably of similar nature. The thyreoid and bronchial veins

return blood from organs developed from diverticula from the walls of the alimentary canal ; they

are, therefore, more or less modified sidanchnic veins ; .so also apparently are the vesical and the

middle and inferior luemorrhoidal veins.

The cai-diac veins are simply " vasa vasorum," and they l>elong therefore to the splanchnic

gioup of vessels, but it is impossible to say whether they are segmental or intersegmental. The
coronary sinus into winch they open is a jiortion of the sinus venosus of the heart, and therefore

of an originally segmental vessel.
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The hepatic VL-ins are parts of the primitive vitelline veins ; and the pulmonary veins are

splanchnic veins returning blood from a diverticula of the gut.

It is noteworthy that some parts of the splanchnic venous system, i.e. the portal vein and the

coronary sinus, are portions of the most primitive vascular system, and that others,—the

thyreoid, bronchial, mesenteric, vesical, and hsemorrhoidal veins—appear to belong to a somewhat
secondary grouj) of splanchnic veins of combined segmental and intersegmental character ; more-
over, some of the secondary group of veins open into the primary splanchnic veins, e.g. the

sujjerior and inferior mesenteric into the portal vein ; some open into the dorsal longitudinal

anastomosing veins, e.g. the vesical and hsemorrhoidal veins open into the cardinal veins, which
are intersegmental anastomoses ; others again open into the internal jugular, which is part of

the anterior cardinal vein.

Veins of the Limbs.—The veins of the limbs, like the arteries, were probably at one time
intersegmental in character, but we have no indisputable proof that this was the case. Looked at

from an embryological standpoint, the most primitive limb veins are a superficial distal arch and
a post-axial trunk vein in each extremity ; at a later period digital veins are connected with the

distal arch, and a pre-axial trunk is formed. In the upper extremity the distal arch and its

tributaries remain as the dorsal venous arch and the digital veins, and the post-axial vein becomes
the basilic, axillary, and subclavian veins. The pre-axial vein of the upper extremity is

rein-esented in the adult by the ceiDhalic vein ; the latter vessel originally terminated in the

external jugular vein, above the clavicle, the union with the axillary portion of the post-axial

vessel being a secondary condition ; the jarimary condition is, however, frequently retained in

man, and is constant in many monkeys. The anastomosis between the pre-axial and post-axial

veins in the region of the elbow, and the connexion of the anastomosing channels, is brought
aljout by newly-formed vessels of secondary character.

The distal arch in the lower extremity and the tributaries connected with it remain in the

adult as the dorsal venous arch of the foot and the digital veins. The post-axial vein becomes
the small saphenous vein, which was originally continued proximally as the popliteal and
inferior glutseal veins to the hypogastric portion of the posterior cardinal vein.

The pre-axial vein of the lower limb becomes the great saphenous vein, which is continued
proximally to the cardinal portion of the left common iliac vein as the proximal part of the

femoral and the external iliac veins.

The vente comites of the arteries in both the upper and lower extremities are secondarily

developed vessels which become connected with the upper portions of the pre-axial venous
trunks.

ABNOEMALITIES AND VARIATIONS OF THE VASCULAR
SYSTEM.

Abnormalities are of special interest to the anatomist because of their morphological signifi-

cance, and the vascular system is, perhajis more than any other, rich in such abnormalities, many
of which are of great practical importance.

With the exception of those irregularities which are directly due to the effect of morbid
conditions and external influences, all abnormalities are the result of modifications of normal
developmental processes. The excejitions referred to are, however, very numerous ; thus disease

and external influences may lead to the obliteration of vessels, a condition which is invariably

associated with the enlargement of collateral vessels, and it will be obvious that abnormalities
80 produced may occur in almost any situation.

Abnormalities which are determined by, or are dependent upon, modifications of the usual
developmental processes are of greater interest. In the human subject they are generally due
either to the retention of conditions which, normally, are only transitory in ontogenetic develop-
ment, or to the acquirement of conditions which, though not as a rule present at any time in

man, occur normally in .some animals.

There are, in addition, other variations from the normal, such as the division of the axillary

artery into radial and ulnar branches ; the higher or lower division of the brachial artery ; the
formation of " vasa aberrantia," e.g. of long slender vessels connecting the axillary or brachial to

the radial, ulnar, or intero.sseous arteries ; the altered position of certain vessels, e.g. the trans-

ference of the subclavian artery to the front of the scalenus anterior, or of the ulnar artery to the
front of the superficial flexor muscles ; all of which, though undoubtedly due to alterations of

ordinary developmental proce.s.se.s, still do not represent any known conditions met with, either

temporarily or permanently, in man or in other animals. Their occurrence cannot at present
be adequately explained, and tlieir retention in the adult is entirely dependent ujion their
utility.

To the first and the last of these difi'erent groups of abnormalities it is not necessary to refer

furthei', whilst with regard to the rest it will be sufficient to indicate those of greatest
importance. They can only, however, be fully understood and explained on the basis of a
comprehensive knowledge of the development and morphology of the vascular system, to the
chapters on which the reader is referred.
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ABNORMALITIES OF THE HEART.

The heart iiiay be transiosi-d from the left to the liglit t^'uh- of tlie JkxIv, a condition which
is usually associated with general transposition of the viscera, and with the' presence of a right
instead of a left aortic arch.

The external form of the heart does not as a rule vary much, Vjut occaflionally the apex is
slightly bitid, a character it normally possesses at an early stage of its development, and which is

retained in the adult in many cetaceans and sireiiians. The internal coTiforrnation of the heart
deviates from the normal much more frecjueiitiy ; more particularlv is this the cnnc with regard
to the septa which separate the right from the left chandjei-s. Tfie interatrial sejttum may Ije

entirely absent, as in tishes ; it may be fenestrated and inccjmiilete, a.s in wjme amphibians; or
the foramen ovale may remain i)atent, as in amj>hibians and reptiles.

The interventricular septum may lie absent, as in lishes and amphibians, or incomi)lete, as in
reptiles; when incomjilete, it is usually the " jjars meiid)ranacea septi" which is deficient, but
perforations are occasionally found in the muscular jiortion.

The communication between the infun<iibular jiartof the right ventricle and the 1)fKly of the
ventricle may be constricted or the infundiijular ])art may be entirely cutoH" from the remainder
of the cavity.

ABNORMALITIES OF ARTERIES.

The pulmonary artery and the aorta may arise by a common stem, as in fishes and some
amphibians, and the common stem may spring either from the right or the left ventricle, or from
botii. In these cases the truncus arteriosus has remained undivided, aiid the normal position of
the interventricular septum in relation to the lower orifice of the aortic bulb has l)een altered.

Again, owing to malposition of the aortic septum, the pulmonary artery may spring from the
left ventricle and the aorta from the right ventricle. In some ca.ses the root of the pulmonary
artery is obliterated, and the blood passes to the lungs along the patent ductus arteriosus.

Occasionally the arch of the aorta is on the right side instead of the left, a condition which is

normal in birds. More rarely there are two permanent aortic arches, right and left, as in reptiles;

the oesophagus and trachea in these cases are enclosed in a vascular collar, the two arches unite
dorsally, and the beginning of the descending aorta is double. Quite independent of this condi-
tion, however, the two primitive dorsal aortae sometimes fail, either altogether or partially, to

unite together, and the descending aorta is accordingly represented, to a corresponding extent, by
two tubes. A more common, though still rare, form of double aorta is that due to the persistence,

in whole or in part, of the septum formed by the fused walls of the primitive dorsal aortae

from which the descending aorta is developed.

The length of the descending aorta is determined largely by the extent to which fusion of the
two jirimitive aortse takes place. Accordingly, when this deviates from the normal, the termi-
nation of the descending aorta is at a correspondingly higher or lower level than usual, and
resulting from this the lengths of the common iliac arteries are almost invaria1)ly proportionately
modified. The bifurcation of the aorta may be as low as the fifth lumbar vertebra ; less

frequently it is higher than usual ; it is rare, however, to find it as high as the third, and still

more rare to find it at the level of the second, lumbar vertebra.

The aorta, instead of bifurcating into two common iliac arteries, may terminate in a common
iliac artery on one side and a hypogastric artery on the opposite side, the external iliac artery

on the irregular side arising, at a higher level, as a branch of the aortic stem. This arrangement
approaches the condition met with in carnivores and many other mammaLs, in which the aorta

bifurcates into two hypogastric arteries, the external iliacs arising from the aorta at a higher

level as lateral branches ; it is probably due either to a fusion of the secondary roots of the

umbilical arteries of opposite sides.

The Branches of the Aorta.

The coronary or cardiac arteries may arise by a single stem. When arising sej>arately

both may spring from the same aortic sinus; or again, their interventricular and circumflex

branches may arise as distinct vessels from a single aortic sinus. This variability is not

very remarkable, seeing that the arteries in question are merely enlarged " vasa vasorum

"

raised to a position of special importance by the aevelopment of the heart

The branches of the arch of the aorta are sometimes increased and sometimes decreasetl in

number.
The highest number recorded is six, viz., ridit subclavian, right vertebral, right common

carotid, left common carotid, left vertebral, and left subclavian. Api>arently this condition is the

result of the absorption into the arch of the iimominate artery and of the roots of the sub-

clavian arteries, to points beyond the origins of the vertebrals. By variations of this process of

absorption other combinations may be produced ; thus, instead of the roots of the subclavian

arteries being absorbed, the right common carotid and innominate arteries may alone be absorbed,

in which case the five following branches spring separately from the arch of the aorta : right

subclavian, right external carotid, right intenial carotid, left common carotid, and left

subclavian. The trunk most commonly absorbed is the initial part of the left subclavian ; the



1052 THE VASCULAE SYSTEM.

number of brandies then arising from the arch of the aorta is four, the additional vessel

being the left vertebral, -n-hich arises between the left common carotid and the left subclavian.

Occasionally tlie usual three brandies from the arch are increased to four by the formation of a

new vessel, the " thyreoidea ima." This may be placed between the innominate and left carotid

trunks, in which case it represents a persistent ventral visceral branch from the ventral root of the
fourtli left aortic arch ; in other cases the thyreoidea ima springs from the innominate artery and
represents a ventral visceral branch of the ventral root of the fourth right arch. Very rarely

the right vertebral artery arises separately, and forms a fourth branch of the arch of the aorta,

the rest of tlie branches being normal. This condition cannot be accounted for by any modifica-

tion of the ordinary developmental processes. It may possibly be due to the persistence of an
irregular or unimportant anastomosis between the ventral root of an aortic arch and the seventh
somatic segmental artery.

Decrease in the number of branches from the arch of the aorta is most frequently due to

fusion of the ventral roots of the fourth aortic arches, the result being that a stem is formed
common to the right subclavian and the right and left common carotid arteries ; whiLst the left

subclavian, arising separately, is the only other branch which springs from the arch of the aorta.

If tlie fusion of the ventral roots proceeds further and includes those of the third arches, the
result, as regards the branches given off from the arch of the aorta, is the same, viz., there is a

common stem for the right subclavian and both carotids, and a separate left subclavian trunk ; but
the common stem now gives off the right subclavian artery, and then continues as a single vessel

for some distance before it divides into the two common carotids, of which the left crosses in

front of the trachea. This arrangement is common in many quadrumana and in some other
mammals.

It is only in rare cases when the number of branches from the arch of the aorta is

reduced to two, that these consist of a right subclavian artery and of a single stem common to

the two carotids and the left subclavian artery. In such cases, however, the right common
carotid crosses in front of the trachea, and the variation is one of practical importance, but it does

not appear to exist as a normal condition in any mammal Probably it is due to fusion of the

ventral roots of the fourth aortic arches, with absorption of the left fourth arch and the left sub-

clavian into the stem so formed, whilst the right subclavian is relatively displaced. The two
common carotids may arise by a common stem, and the left subclavian arise separately from
the arch of the aorta, whilst the right subclavian springs from the descending aorta. This
arrangement probably results from the disappearance of the fourth right arch, the fusion of the

ventral roots of the fourth arches of opposite sides and the persistence of the dorsal roots of the

right foiu'th and sixth arches.

Sometimes two innominate arteries, right and left, replace the usual three branches of the

arch of the aorta. This is the normal arrangement in bats, moles and hedgehogs. It is

obviously the result of the disajDj^earance of that portion of the arcli which intervenes between
the left carotid and left subclavian arteries, and the consequent fusion of these two vessels.

In a similar way may be explained the rarer condition in which the three ordinary
branches of the arch arise by one single stem, which divides into right and left innominate
arteries. In most ruminants, in the horse and in the tapir, this arrangement is constant.

It -vvill be evident that other combinations and modifications may be met with in the branches
of the arch of the aorta as the result of fusions and absorption.

The right subclavian or the right vertebral may spring from the commencement of the
descending aorta.

The bronchial arteries obviously correspond to splanchnic arteries and their continuations

to diverticula from the walls of the gut ; therefore the usual origin of the right bronchial artery

from the first right aortic intercostal artery must result from the persistence of an anastomosis

between a splanchnic artery and the first part of a somatic intersegmental artery ; the origin

of the right from the upper left bronchial artery, which sometimes occurs, is due to the fusion

of the roots of two splanchnic arteries. The occasional origin of a bronchial vessel from an
internal mammary artery^ can result only from the persistence and enlargement of an anastomosis

between a splanchnic artery and the ventral Ijranch of a somatic segmental artery. The origin

of a bronchial branch from a subclavian artery may have the same or a different significance

on opposite sides of the body. A bronchial artery arising from the left subclavian artery

corresponds with the origin of the right bronchial artery from the first aortic intercostal artery
;

it is due to the jiersistence of an anastomosis between a splanchnic artery and the root of a

somatic intersegmental artery ; and the origin of a bronchial artery from a right subclavian artery

may be due to a similar cause. It may, on the other hand, be due to the enlargement of an
anastomosis between a splanchnic branch of the descending aorta and a splanchnic branch of the

fourth right aortic arch. When, as occasionally happens, the bronchial artery arises from the

inferior thyreoid, it is due to the persistence and enlargement of an anastomosis between splanchnic

arteries.

Intercostal Arteries.—Variations of the intercostal arteries are not very common, but
tliey are significant and interesting. Corresponding vessels of opposite sides may arise from a

common stem which has been formed Ijy the fusion of the roots of two somatic intersegmental

arteries after or simultaneously with the fusion of the primitive dorsal aortae. The number of

intercostal arteries may ha reduced, one artery supplying two or more intercostal spaces ; in these
cases the roots of origin of some of the somatic intersegmental arteries in the thoracic region
liave disappeared, and the precostal anastomoses between their ventral branches have persisted.

Occasionally the number of the aortic intercostal arteries is increased, an additional artery
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being given t(j the second intercostal space, wliicli is usually Mupiilied by the superior inltrcostal
artery

;
this is brouf,'ht alxjut b^ the pei-sisteiice of the root of the tenth somatic intersegmental

artery and tlie disappearance ot the precostal ana-stoniosis between tlie ventral ]»ranches of the
ninth and tenth somatic iiitei-segmental arteries. Very rarely the fii-nt aortic intenrjstal arterv
sends a l^ranch upwanls between the necks of the rilw and tlie transvei-se pnxiesseM of the upper
thoracic region

; this branch supplies the upper intercostal spaces, the superior interc<«tal artery
being small or absent, an<l it terminates by becoming the profunda cervicis artery. It is due to
the pei-sistence of the postcostal anastomoses in tiie upper thoracic region, and is a repetition of a
conciition regularly present in some carnivores.

Then! are no very imj)ortant variations of the oesophageal, pericardial, and media«tinal
arteries.

Lumbax Arteries.— Variations of the lumbar arteries are very similar to thfj^^e of the
intercostal arteries, and they are due to similar causes. The lumljar artt^ries of oprw^site sides
may arise by common stems from the back of the aorta ; and tiie h-ist pair of lumbar arteries
may arise in common with the middle sacral artery. Further, a lumljar artery may have its
area of distril)uti()n extended into the adjacent segment.

The inferior phrenic arteries are very variable ; they may arise liy a common trunk either
from the coeliac artery or from the aorta; they may arise separately either from the aorta or
from the cccliac artery and more commonly from the latter vessel ; or again, one may spring
from the aorta or cccliac artery, and the other from the coronary, renal, or even from the
superior mesenteric artery.

Tlie middle sacral artery usually springs from the back of the aorta above its bifurcation
;

It may be considerably ajjovi-, or more rarely it may spring directly from the bifurcation. Not
iiifrecpiently it arises from the last lumbar artery or from a stem common to the two last
lumbar arteries, and occasionally it arises from a common or internal iliac artery. Some-
times it gives off the last pair of lumbar arteries, and, in a few cases, an accessory, renal, or a
hasmorrhoidal branch arises from it. The vessel is not always present, it may be double,
entirely or in jvirt, and it may bifurcate at its termination.

The renal arteries frequently deviate from the normal arrangement. The arteries of
opposite sides may spring from a common stem, or there may be two or more renal arteries on
one or both sides. The accessory arteries are more common on the left than on the right side,
and an accessory artery arising below the ordinary vessel is more common than one arising
above it.

Accessory renal arteries may be derived not only from the aorta, but also from the common
iliac or hypogastric arteries ; they have been described as arising also from the inferior phrenic,
spermatic, lumbar, or middle sacral arteries, and even from the external iliac artery. As the
kidney is developed in the region of the first sacral vertebra, and afterwards ascends to its perma-
nent position, it is not surprising that it occasionally receives arteries from the main stem of
more than one of the segments of the body through which it has passed, and it is usually found
that the lower the position of the kidney in the abdomen the more likely it is to receive its

arteries from the lower part of the aorta or from the common iliac arteries. The accessory renal
arteries which spring from the inferior i^hrenic, the spermatic, and lumbar arteries can only be
the result of the persistence and enlargement of anastomosing channels between the renal and
either another intermediate visceral, or a somatic artery.

The testicular or ovarian arteries may be double on one or both sides ; the arteries of th'

two sides may spring from a common trunk, or each may arise from the renal, accessory renaJ,

or suprarenal arteries. The right artery may pass behind instead of in front of the inferior

vena cava. The spermatic and ovarian arteries arise from the upper lumbar portion of the
aorta, because the testes and ovaries are developed in and obtain their arterial supjjly in that

region, and the vessels are elongated as the testes and ovaries descend to their permanent
positions. The occurrence of two spermatic arteries on one side is probably an indication that

the testis was developed in two segments of the body. The origin or a spermatic artery from a

renal or suprarenal artery is due to the obliteration of the root of the original vessel and tin-

enlargement of an anastomosis between the intermediate visceral arteries of adjacent segments.

The coeliac artery may be absent, its branches arising separately from the aorta or from some
other source. Sometimes it gives off only two branches, usually the left gastric and splenic, and
occasionally it gives four branches, the additional branch being either a second left gastric artery

or a separate gastro-duodenal artery.

The hepatic artery may spring directly from the aorta or from the superior mesenteric

artery, and the left hepatic artery arises occasionally from the left gastric artery. Acce&ory hepatic

arteries are not uncommon, and they originate either from the left ga^^tric, superior mesenteric,

renal, or inferior mesenteric artery.

Tlie left gastric artery is occasionally double ; it may spring directly from the aorta, and it

may give off the left hepatic or an accessory hepatic artery.

The splenic artery may arise from the middle colic, from the left hepatic, or from the

superior or inferi<jr mesenteric artery.

The superior mesenteric artery may be double, and it mav supply the whole of the

alimentary canal from the second part of the duodenum to the end of the rectum, the inferior

mesenteric artery being absent. In addition to its ordinary branches it may give ofT a hepatic,

a splenic, a pancreatic, a gastric, a gastro-epiploic or a gastro-duo<^lenal liranch. Very rarely

it gives off an omphalo-mesenteric branch, which passes to the region of the umbilicus and

becomes connected with capillary vessels in the falciform ligament of the liver.
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The inferior mesenteric artery may give hepatic, renal, or middle colic branches ; occasion-

ally it is absent, being replaced by branches of the superior mesenteric, and sometimes, as in

ruiuinants and some rodents, its"^ left colic branch does not anastomose with the middle

colic arterj'.

All these variations of the unpaired visceral branches of the abdominal aorta are merely due

to modifications of the usual processes by which the vessels are developed.

The hepatic, splenic, and left gastric arteries may arise directly from the aorta, a condition

which is due to the retention of a greater number of the splanchnic arteries than usual. A
double superior mesenteric artery results from the persistence of both the right and left

splanchnic vessels from which the superior mesenteric artery is formed, these remaining separate

instead of fusing together. All' the other variations are the results of the obliteration of the

usual channels, combined with the enlargement of anastomoses which exist both between the

splanchnic arteries of adjacent segments and between the splanchnic and intermediate visceral

arteries.

The Arteries of the Head and Neck.

Innominate Artery.—From what has already been said, with reference to the branches

of the arch of the aorta, it will be noted that the innominate artery may be absent. On the other

hand there may be two innominate arteries, a right and a left, each ending' in corresponding

common carotid and subclavian trunks, and the two vessels may themselves arise by a common
stem.

The 1>ranches given off by the innominate artery may be increased in number, or the innomi-

nate may vary from the normal only as regards length. As a consequence of such modifications

in length, the origins of the right common carotid and right subclavian arteries may be situated

at a higher or lower level than usual, whilst, in the absence of the innominate artery, both these

branches may arise directly from the aorta.

Common Carotid Arteries.—When the right common carotid artery arises separately from

the arch of the aorta, it may be the first, or, much more rarely, the second branch. In the

former case the fourth right aortic arch has been obliterated, and the right subclavian artery

springs from the descending aorta; in the latter case either the innominate stem has been

aljsorl^ed into the arch of the aorta, or the ventral root of the fourth right aortic arch has fused

with part of an elongated fourth left arch.

Whether arising as the first or second branch, the origin may be to the left of the median plane,

and the trunk may pass in front of the trachea, or behind the oesophagus, before it ascends into

the neck.

The left common carotid artery varies, as regards its origin, much more frequently than the

right vessel ; not uncommonly, and apparently because of the fusion of the ventral roots of the

fourth aortic arches, it arises from a stem common to it and to the right common carotid and

right subclavian arteries.

Both common carotids may vary as regards their termination. They may divide at a higher

or lower level than usual, the former more commonly than the latter ; whilst in a few exceptional

cases the common carotid does not divide, but is continued directly into the internal carotid, and

from this the branches usually given off by the external carotid are derived.

Tliis arrangement is probably due to obliteration of the ventral roots of the first and second

aortic arches, the arches persisting and being divided into the branches which generally arise

from their ventral extremities.

Usually the common carotids give off no branches, but not infrequently one or more of the

brandies of the external carotids arise from them.

The external carotid artery may be aljsent, or it may, in rare cases, arise directly from the

arch of the aorta. The number of its branches may be diminished either by fusion of their roots

or Ijy transference to the internal or common carotid arteries. On the otlier hand, the number of

its branches may Ije increased ; thus, the sterno-mastoid artery, the hyoid branch usually given oft"

by the superior thyreoid artery, or the ascending palatine Iw-anch of the external maxillary, may
arise from it. Sometimes the branches may arise in the usual way, but may deviate from the

course generally taken ; more particularly is this the case with the internal maxillary artery,

which may pass either between the heads, or entirely lateral or medial to both heads of the

external pterygoid mu.scle.

Tlie internal carotid artery is rarely absent, but its absence has been noted upon one side,

more commonly the left; and upon both sides. Occasionally it springs from the arch of the

aorta, and in its course tlirough the neck it may vary somewliat in length and in tortuosity. One

or more of the ])ranchos usually derived from tlie external carotid artery may arise from it, and it

sometimes gives off a large meningeal branch to the posterior fossa of the skull. Its posterior

communicating branch may replace the posterior cerebral artery ; on the other hand, tlie upper

part of the internal carotid may be absent, and the posterior communicating artery may become

the middle cerebral artery. The anterior cerel^ral Ijranch of the internal carotid may be absent,

or rather it may arise from the corresponding artery of the opposite side ; or there may be three

anterior cereljral arteries, tlie third arising from the anterior communicating artery which connects

the two anterior cerebrals togetlier. Tlie ophthalmic artery, as it traverses the orbit, may pass

either aljove or below the optic nerve. It is occasionally replaced by a branch of the middle

meningeal artery.

The vertebral artery may liave a double origin—one from the subclavian, and one from the

inferior thyreoid aileiy or from the aorta.
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The riglit vtaU-liral may luisL- from tlie common carotid or Irom tlie nrcli of the aorta.
Occasionally it springs from the (U-scunding aorta, an arrangement associated with tlie persistence
of the dorsal roots of the fourth and fifth right arches.

The left vertel)ral artery not infreciuently sj)rings from the arch of the aorta, arising Ijetween
the left common carotid and left sulnlavian arteries; this is evidtiiitly due to the aliwjrption of
the stem of tlie seventh segmental artery into the aortic arch. Very exceptionally the left
vertebral is a hranch of an intercostal artctry.

In its coui-se ujtwards either vertebral artery may enter the vertebrarterial foramen of any of
the lowei' six cervical vertel)ra.

The cases in which it does not enter one of the loweiit of these are apjtarentlv a.s.Hfxiated with
its formation, in part, from the precustal instead of from the jwistcostal an;i.stomosing < haniiek

The artery may enter the vertebral canal with the second instead of with the lii>t cervical
nerve, or, after leaving the loiamen in the transvei-se process of the third vertebra, it may divide
into two branches, one of which accompanies the seconcl and the other the first cervical nerve • the
two branches unite together again in the vertoljial canal to form a single trunk.

Sometimes, though rarely, it gives off superior intercostal and inferior thyreoid branche>. The
upper end of one ot the vertebraLs is sometimes very small, or it may be entirely wanting; in
the latter case the basilar artery is formed by the direct continuation of the opjKjsite verteljial.

The basilar artery may be double in part or the whole of its extent, or its cavity may l>e

divided liy a more or less complete septum. It may terminate in one instead of two ixjeterior
cerebral arteries, the inissing vessel being sui)2)lied liy the enlargement of the posterior com-
municating branch of the internal carotid.

The Arteries of the Upper Limd.

Subclavian Arteries.—The variations, so far as regards the origins of the subclavian
arteries, lia\ e already been mentioned (p. 1051). Other interesting modifications are met with in
respect of its position and l)ranches.

The subclavian artery may reach as high as 25 or 37 mm. (1-li in.) above the clavicle, though
as a rule it does not reach higher than 19 mm. above that bone. On the other hand, it may
not rise even to the level of the upper border of the "clavicle. These differences appear to be
associated with the descent of the clavicle and sternum, which occurs as age increases.

The artery may pass in front of or through the scalenus anterior instead of behind it, or
the vein may accompany it behind the muscle.

The branches of the subclavian artery may be modified with reference to their points of origin

;

thus, those of the fii-st part may be further medial or lateral than usual, the transverse scapular
or some other branch of the thyreo-cervical trunk may arise separately from the third part
of the subclavian, and not uncommonly the descending branch of the transverse cervical artery
is a branch of that part. The abnormalities of the vertebral branch have already been described

;

those of the thyreo-cervical trunk and its branches are numerous but not imi)ortant.
The internal mammary artery, usually a branch of the first part of the subclavian, is very

variable as regards its origin. It may arise from the second or third i)arts, or from the thyreo-
cervical, or it may spring from the aorta, or from the innominate or axillary arteries. All these
variations are due to oljliteratiou of the normal origin and the ojiening up of anastomoses.
The internal mammary artery sometimes descends in front of the cartilages of one or more of

the lower true ribs ; and occasionally it gives oft' a large lateral branch (a. mammaria lateralis)

which descends on the inner side of the chest wall, close to the mid-axillary line,—a i>oint of
importance in paracentesis.

A few cases have also been noticed in which a bronchial artery has arisen from the internal

mammary.
The superior intercostal branch of the costo-cervical trunk may be aljsent, and the pro-

funda cervicis Ijiauch may arise directly from the subclavian trunk. The superior intercostal b
sometimes formed from a postcostal instead of a precostal primitive channel. In such cases it

passes between the necks of the ribs and the transverse processes of the vertebras instead of, as

usual, in front of the necks of the rib.s.

The axillary artery does not vary much as regards its origin or coui"se. Its relations may be
modified Ijy the existence of a muscular or tendinous "axillary arch," which, passing from the

latissimus dorei to the pectoralis major, crosses the distal part of the artery superficially ; and
a further interesting modification is associated with an anomalous armngenient of its branches.

Occasionally the sub-scapular, circumflex, and profunda and superior ulnar collateral arteries

arise from the axillary 1)y a common stem. In those cases the chief branches of the brachial

plexus are gi-ouped round the common stem instead of round the main trunk. The arrangement
is due to the persistence of a different part of the original vascular plexus.

Sometimes the axillary artery divides into the radial and ulnar arteries, and more rarely the

interosseous artery may sjjring from it.

Obviously there is no brachial artery when the radial and ulnar arteries are formed by the

division of the axillary ; its place is taken by the two abnormal ves.seIs which, as a rule, are

separated by the median nerve as they run through the arm ; the radial is usually more super-

ficial than the ulnar, and crosses laterally in front of it at the bend of the elbow.

The brachial artery is rarely prolonged beyond its usual point of l>ifnrcation ; not uncommonly,
however, it liifurcates at a more proximal level. Of the two. terminal liranches of the brachial,

one may divide into radial and interosseous, the other forming the ulnar ; or one may divide into
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radial and ulnar, whilst the other is the interosseous artery. Occasionally the brachial artery
terminates by dividing into three branches—viz., the radial, the ulnar, and the interosseous.

In any case, the branch which gives origin to or becomes the interosseous was, in all probability,

the original trunk.

Division of the brachial artery at a more proximal level than usual occurs most commonly in

the proximal third of the arm, and least commonly in the distal third ; the resulting trunks
are often united near the bend of the elbow by a more or less oblique anastomosis.

In cases of proximal division of the brachial artery the radial branch may pierce the deep
fascia of the arm near the bend of the elbow, and passes distally in the forearm immediately deep
to the skin ; in other cases the radial runs deeper, and passes behind the tendon of the biceps. The
ulnar branch sometimes runs, on the medial intermuscular septum, towards the medial epicondyle,
and then laterally towards the middle of the bend of the elbow, under a band of fascia from
which the proximal fibres of the jironator teres arise, or round the supracondylar process of the
humerus if it is present. More commonly the ulnar branch runs distally towards the medial
epicondyle, and crosses superficial to the flexor muscles or deep to the palniaris longus ; and in

a few cases it is subcutaneous. In rare cases the ulnar artery accompanies the ulnar nerve
behind the medial epicondyle ; in those cases it has obviously been formed by enlargement
of the ordinary superior ulnar collateral and dorsal ulnar recurrent arteries.

Instead of following its usual course along the brachialis muscle, the brachial artery may
accompany the median nerve behind a supracondylar or epicondylic process, or ligament, as in

many carnivora ; it may pass in front of the median nerve instead of behind it. It may give
off a " vas aberrans " or a median artery, and any of its ordinary branches may be absent.

The vas aberrans given off from the brachial artery usually ends in the radial artery, some-
times in the radial recurrent, and rarely in the ulnar artery.

The ulnar axtery may be absent, being rej)laced by the median artery or the inter-

osseous artery, and it may terminate in the deep instead of in the superficial volar arch. It

rarely arises more distally than usual, and when it arises at a more proximal point it most
commonly passes superficial to the muscles which spring from the medial epicondyle. Moreover,
in those cases it frequently has no interosseous branch, the latter vessel springing from the radial

artery, and in all probability variations of this description are produced by the ulnar artery

taking origin from the main trunk, which is represented by the radio-interosseous vessel, at a,

more proximal level than usual Even when it commences in the usual way the ulnar artery
may pass superficial to the muscles arising from the medial epicondyle, and in those cases its

interosseous and recurrent branches spring from the radial artery.

The volar and dorsal interosseous arteries may arise separately from the ulnar instead of

by a common interosseous trunk. The recurrent branches of tKe ulnar may spring from the
interosseous, and the interosseous itself may be a branch of the radial.

The small median artery, the companion artery of the median nerve, usually a branch of the
volar interosseous, may sjDring from the axillary, brachial, or ulnar arteries ; it may be much
larger than usual, and it may terminate either by breaking up into digital branches, or by
joining one or more digital branches of the superficial volar arch or the arch itself

The radial artery may be absent, its place being taken by branches of the uhiar or inter-

osseous arteries ; it may arise, more proximal than usual, from the axillary, or from the brachial.

It may terminate in muscular branches in the volar part of the forearm, or as the superficial

volar, or in carpal branches ; the distal portion of the artery, in those cases, is usually replaced
by branches of the ulnar or interosseous arteries. Occasionally the radial divides some distance

proximal to the wrist into two terminal branches, one of which gives oflp the carpal branches,
and becomes the superficial volar, whilst the other crosses superficial to the extensor tendons
and passes to the dorsum of the wrist.

The radial artery may run a superficial course, or, and especially when it commences at a

more distal level than usual, it may jjass deep to the pronator teres and the radial origin of the
flexor digitorum sublimis. In some cases it passes to the dorsum of the wrist across the brachio-

radialis, and in others it lies superficial, instead of deep to, the extensor tendons of the thumb.
Its branches may be diminished or increased in number. The radial recurrent may spring

from the brachial or uhiar arteries, or may be represented by several branches from the proximal
part of the radial The dorsal artery of the index digit may be large, and may replace the

Srinceps pollicis and the volaris indicis radialis. On the contrary, the dorsal carpal artery and
orsal digital branches of the radial may be small, or the former may be replaced by branches of

the metacarpal arteries, and the latter by the proximal perforating branches of the deep volar arch.

The princeps pollicis and volaris indicis radialis arteries may be absent, their jjlaces being
taken either Ijy branches of the superficial volar arch or by the dorsalis indicis radialis artery.

The superficial volar arch, is sometimes absent ; its branches are then given oft' from the deejj

arch. On the other hand, it may be larger than normal, and it may be comijleted on the radial

side by the volaris indicis radialis, the princeps pollicis, or the comes nervi mediani arteries.

The deep volar arch is much more rarely absent than the superficial arch. When absent
its branches are .'-ujnilied by the superficial arch, the proximal perforating arteries, or the volar
carpal arch.

The Iliac Arteries and their Branches.

The common iliac artery may be longer or shorter than u-sual, a modification which is

determined largely, though not altogether, by the point at which the bifurcation of the aorta
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takes place. If exceiitioually long, it in iieually tortuouis. In rare cast-H in man tlie artery is

absent It occasionally gives ofl" the middle or a lateral sacral artery, and ilio-lumbar, spermatic,
or accessory n-nal branches may arise from it.

The hypogastric artery varies as regards length. It is usually longtr, and arises at a
higher level wluii tin; (uninioii iliac is short. In rare cases it has been found to arise from the
aorta without the intervention of a common iliac. Frequently it does not, even in ai>]Mrurance,
end in anterior and jxjsterior divisions, but obviously forms a single trunk, as in the fa-tus, from
which tlie several branches are given off.

The visceral branches vary much in number and size, and the middle hu;morrhoidal may not
be present, its place being taken by branches from the vesical arteries. A renal branch some-
times arises from the hypogastric artery.

The ili()-luml)ar branch may arise from the common iliac instead of from the hypogastric artery

;

the superior glutieal and inferior glutieal arteries may arise by a comnHiii stem, or the superior
glutieal may Ijc absent, and its place taken by a Ijranch from the femoral artery ; the inferior

gluta?al artery may, as in the foetus, constitute the main artery of the lower limb, and run distally

to become continuous with the popliteal artery. Probably the arteria comitans nervi isciiiadici

represents the oiiginal continuity of the two vessels. Occasionally the lateral sacral arteries do
not arise from the hypogastric trunks.

In some instances the obturator artery arises from the inferior epigastric artery instead of
from the hypogastric. The condition is apparently due to ol)literation of the usual origin of the
obturator artery and to the subsequent enlargement of the anastomosing pubic branches of the
obturator and inferior epigastric arteries. The course of the almormal obturator artery is of
importance. From its origin it descends, into the pfelvis minor, on the medial side of the extenial
iliac vein, and in the majority of cases on the lateral side of the crural ring, but in three-tenths
of the cases, and more frequently in males than in females, it descends on the medial side of the
ring.

The obturator artery sometimes gives off an accessory pudendal branch which passes along
the side of the prostate, pierces the urogenital diaphragm, and terminates by dividing into the
profunda artery of the penis and the doi-sal artery of the penis. When this occurs the internal

pudendal artery is small, and it terminates in the artery to the bulb. Occasionally the accessory

pudendal arises from the internal pudendal artery in the pelvis, or from one of the vesical arteries.

The external iliac artery may be much smaller than usual, especially if the inferior glutjeal

artery pei-sists as the mam vessel of the lower limb. It may give off two deep circumflex iliac

branches, a dorsal artery of the jjenis, a medial circumflex artery of the thigh, or a vas aberrans,

and its deep circumflex iliac and inferior epigastric branches may arise at higher or lower levels

than usual.

The Arteries of the Lower Limb.

The femoral artery is small, and ends in the profunda and circumflex branches, when the

inferior glutieal artery forms the principal vessel of the lower limb. TJie profunda branch, which
arises usually from the lateral side of the femoral trunk, about 37 mm. (U in.) distal to the

inguinal ligament, may commence at a more proximal or a more distal level, and from the back

or the medial side of the femoral trunk. In rare cases when the profunda arises at a more
proximal level than usual it may cross anterior to the femoral vein, above the entrance of the

great saphenous vein, after which it passes distally and laterally posterior to the femoral vessels

(Johnston, Anat. Anz., Bd., 42, 1912). Absence of tlie profunda has been noted, and in those

cases the branches usually given ofl' by it spring directly from the femoral artery.

The femoral artery may be double for a portion of its extent, or it may l)e joined by a vas

aberrans given off from the external iliac artery. In addition to its ordinary branches, it may
furnish one or both of the circumflex arteries of the thigh, and sometimes it gives off, near the

origin of the profunda, a great saphenous artery, such as exists normally in many mammala.
This vessel runs distally through femoral trigone and the adductor canal, and accompanies the

saphenous nerve to the medial side of the foot.

The deep circumflex iliac, the obturator, and the inferior epigastric arteries are occasionally

given off from the femoral.

The popliteal artery may exceptionally form the direct continuation of the inferior glutaeal

artery. It sometimes divides at a more proximal or more distal level than usual, and the

division may be into either two or three branches ; if three terminal branches are pre^jent, they

are the anterior and posterior tibial and the peroneal arteries, and if only two, either the

anterior and posterior tibial, or the anterior tibial and the peroneal arteries.

Occasionally the artery is double for a short portion of its course, and it has been found to

cross fii-st posterior to the medial head of the gastrocnemius to the medial side of the knee, and

then anterior to the medial head of the gastrocnemius to regain the nopliteal fossa. The
number of its branches may be reduced, or they may be increased by the addition of a vas

aberrans which connects it with the posterior tibial artery. Its superficial sural branch may
enlarge to form a well-marked small saphenous artery.

The posterior tibial artery may be small or altogether al>sent, its place being taken bv

branches of the peroneal artery ; a^'ain, it may be longer or shorter than usual, in conformity with

the more proximal or more distal division of the popliu-al trunk. The peroneal artery is large,

if either the anterior or the posterior tibial artery is small. The perforating branch of the

peroneal is almost invariably large when the anterior tibial artery is small ; in some cases,
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indeed, it replaces the whole of the dorsalis pedis continuation of the latter vessel ; in others,

however, only the lateral tarsal and arcuate branches are so replaced. The peroneal sometimes
arises from a stem common to it and the anterior tibial artery.

The anterior tibial artery may be absent, its place being taken by branches of the posterior

tibial and peroneal arteries. It is longer than normal when the popliteal artery divides at a

more proximal level than usual, and in tliose cases it may jjass either posterior or anterior to

the popliteus muscle. Occasionally the anterior tibial artery and its dorsalis j)edis continuation

are larger than normal, and the terminal part of the dorsalis pedis takes the place, more or less

completely, of the lateral plantar artery.

The medial plantar artery is sometimes very small, and it may be absent ; its place is

taken by brandies of tlie dorsalis pedis or lateral plantar arteries. The lateral plantar
artery also may be small or absent, the plantar arch being formed entirely by the dorsalis pedis.

ABNOEMALITIES OF VEINS.

Abnormalities or variations of veins are as frequently met with as those of arteries, and they
are due to similar causas.

The Superior Vena Cava.

The superior vena cava may develop on the left side instead of on the right. This peculiarity

is due to the ^persistence of the left duct of Cuvier instead of that on the right side, and it is

associated with absence of the coronary sinus, which is replaced by the lower part of the left

superior vena cava. An exceptional case is recorded in which the opening of the coronary sinus

into the heart was obliterated, and the cardiac veins terminated in a trunk which passed upwards
to the left innominate vein. This trunk was obviously formed by enlargement of the left duct of

Cuvier and the lower part of the left anterior cardinal vein. Not very uncommonly, as the

result of the persistence of both ducts of Cuvier, there are two superior vense cavee, the transverse

anastomosis which usually forms the left innominate vein being small or entirely absent. In
such cases the left innominate vein descends in the left jjart of the superior mediastinum, crosses

the aortic arch, is joined by the left superior intercostal vein, and becomes the left superior

vena cava ; which descends anterior to the root of the left lung, and terminates in the lower and
back jiart of the right atrium. It receives the great cardiac vein, and, turning to the back
of the heart, replaces the coronary sinus. This arrangement is normal in many mammals.
Occasionally in man the left superior vena cava terminates in the left atrium, and the coronary
sinus, which represents a part of the sinus venosus, has been seen to have a similar ending ; both
these abnormal endings must be the result of malposition of the interatrial sejjtum.

The vena azygos may be formed on the left side ; it then arches OA^er the root of the left

lung, and terminates in tlie left end of the coronary sinus. This is the normal arrangement in

some mammals, and it is due to the persistence of the left posterior cardinal vein and the left

duct of Cuvier.

Occasionally the azygos vein is the only vessel by which blood is returned to the heart from
the lower limbs and the lower parts of the body walls. In such cases that portion of the inferior

vena cava which usually extends firom the right renal vein to the lieart is absent and the azygos

vein is the direct continuation of the inferior vena cava. This condition j)robably results from
the absence of those parts of the inferior vena cava which are usually formed from the right

vitelline and the right subcardinal veins, and to the enlargement of the whole of the supra-

pelvic portion of the right posterior cardinal vein.

The hemiazygos and the accessory hemiazygos veins may be absent. In such cases each

left intercostal vein opens separately into the vena azygos. On the other hand the hemiazygos
and the accessory hemiazygos veins may form a continuous trunk which may oiaen by a transverse

anastomosis into the azygos vein, or it may join the left innominate vein. When the hemiazygos
and the accessory hemiazygos veins form a single trunk, which receives the left intercostal veins

and opens into the left innominate vein, the condition is due to the persistence of the whole of

the thoracic part of the left posterior cardinal vein and of the lower part of the left anterior

cardinal vein.

Cases also occur in which the thoracic part of the posterior cardinal vein is represented

by three instead of two stems, either the hemiazygos or the accessory liemiazygos vein being
represented by two vessels.

The internal jugular vein may l^e either smaller or larger than normal. In either case com-
pensatory changes in size occur in the transverse sinus and internal jugular vein of the opposite

side, or in the external and anterior jugular veins of the same side.

The external jugular vein is sometimes absent, or it may be smaller than usual ; in both
cases either the anterior or the internal jugular vein is enlarged. In some of the cases in which
the external jugular vein is small it receives no communication from the posterior facial vein,

but is merely the continuation of the posterior auricular vein. On the other hand, it may be
enlarged, and receive the whole of the i^osterior facial vein.

The anterior jugular vein may be al)sent, or it may be unusually large, especially in the
lower ])art of its extent, and after it has received an occasional tributary from the common facial

vein.
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The posterior facial vein iii;iy tcnninatf rntin-ly in the common facial vein, or in thi;

external or the internal juf,'iilar vtin. It may be very small, and occaHionally it is aljsent.
Variations of the cranial blood sinuses are not numerou.s. One transverse Bin us may be

absent or very small, when, as a rule, that of the opjKWite side is enlargeil. The inferior 8.igittal,

the occipital, or the spheno-parietal sinuses may be absent, and there may \n- an arlditional iK-tro-

squamous tributary to the transverse sinus. The petro-sijuamous sinus, when pn-sitiit, in the
remains of a sinus which crossed tlie temjMjral bone, passed through tlie ])ost-con(lyloiii foramen
and terminated in the lateral cerebral vein. In tlie human adult, in rare c.isea, it pierccH
the skull bejiind the condyle of the mandible, and terminates in the posterior facial vein. Thia
is the normal arrangement in some mammals.

The Veins of the Superior Extremity.

The superficial veins of the forearm are e.xtremely variable ; any of them may l>e aWnt,
but most commonly it is the median or the cephalic vein which is wanting. The median cephalii:

and the cephalic veins may be small or absent, and, on the other hand, the cejihaiic vein may be
larger than usual. Moreover the cephalic vein may end in the external jugular vein, its original
termination ; or it may be connected with the external jugular vein by an anastomosing channel
which sometimes passes over the clavicle and sometimes tlirough that bone.

The basilic vein is sometimes larger and sometimes smaller than usual, and it may pierce the
fascia of the arm at a more proximal or at a more distal level than usual.

The venae comites of the arteries of the upjier extremity generally terminate at the lower
border of the subscapularis, where they join the axillary vein, but they may end alx)ve or below
the position ot' their usual termination.

The subclavian vein sometimes passes behind instead of in front of the scalenius anterior
muscle, and it has been seen passing between the clavicle and the subclavius muscle.

The Inferior Vena Cava.

The lower part of the inferior vena cava is sometimes absent, in whicb case the common iliac

veins ascend, one on the right and the other on the left of the aorta, to the level of the second
lumbar vertebra, where the left common iliac A^ein receives the left renal vein, and then crosses in

front of or behind the aortal to fuse with the corresponding vein of the right side ; in such cases,

therefore, the inferior vena cava commences at the level of the second lumbar vertebra, and it

represents only the ujjper and last-formed part of the oi-dinary vessel ; the common iliac veins,

each of which receives the lumbar veins of its own side, are exceptionally long, and they may
or may not be united at the pelvic brim by a small transvei-se anastomosing chanueL Cases of

this kind are sometimes described as partial doubling of the inferior vena cava.

Occasionally the inferior vena cava does not terminate in the right atrium, but is continuous
with the vena azygos, which is much enlarged, all the inferior caval blood being then carried

to the superior vena cava. In such cases the hepatic veins open directly into the right atrium
without communicating with the inferior vena cava.

The lower part of the inferior vena cava sometimes lies to the left instead of to the right of

the aorta ; this condition is associated with a long right common iliac vein, which crosses obliquely

from right to left to join the shorter left common iliac vein. After receiving the left renal vein

the misplaced inferior vena cava crosses in front of the aorta, reaching the right side at the level of

the second or first lumbar vertebra. In other case.s, however, the left inferior vena cava continues

upwards through the left crus of the diaphragm, usurjiing the place of a gi-eater or smaller part

of the hemiazygos vein ; having entered the thorax, it may cross to the opposite side anil terminate

in the vena azygos, or it may continue upwards on the same side, ana after arching over the

root of the left lung, descend behind the left atrium to terminate in the right atrium in the

situation of the coronary sinus. In this giouji of cases also the hepatic veins open separately into

the right atrium.

The inferior vena cava may lie ventral instead of dorsal to the right internal spermatic artery,

in which case the lower part of the vessel has been derived from the subcaniin il vein instead of

from the posterior cardinal vein. (Johnston, Journ. of Anat. aitd Phys. xlvii. 1913.)

The tributaries of the inferior vena cava are also subject to variation. Additional renal,

spermatic, ovarian, or suprarenal veins may be present Two or three lumbar veins of one or

both sides may unite into a common trunk which terminates in the inferior vena cava, and the

hepatic veins may open separately, or after fusing into a common trunk, into the right atrium

near the opening of the inferior vena cava.

No explanation of the variations of the inferior vena cava and its tributaries ia necessary,

beyond the statement that they are due to persistence of portions of the cai-dinal and subcardinal

veins which usually disappear, and to the persistence of transverse anastomoses and tributaries

which usually atrophy, or to modifications of those which ortlinarily take part in the formation

of the inferior vena caval system.

The left common iliac vein is short and the right long when the inferior vena cava lies on

the left side. Tiu^ common iliac veins may be absent, the hypogastric veins uniting to form the

commencement of the inferior vena cava, into which the external iliac veins open as lateral

tributaries.
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it is more deeply placed. There, it is overlapped by the sterno-cleido-mastoid muscle,

and is covered by the two strata of thin ribbon-like muscles which are attached to

the thyreoid cartilage and the hyoid bone ; and it is hidden, to some extent, by the

upper prolongations of the lateral lobes of the thyreoid gland.

The position of the larnyx is influenced by movements of the head and neck. Thus
it is elevated or raised when the head moves dorsally, and depressed when the chin

is carried downwards towards the chest. Again, if the finger is placed upon it during

deghitition, it will be noted that the larynx moves to a very considerable extent. The
pharyngeal nmscles attached to it, and more especially the stylo-pharyngeal muscles, are

chiefly responsible for bringing about these movements. During singing, changes in the

position of the larynx may also be noted, a high note being accompanied by a slight

upward movement, and a low note by a similarly slight downward movement of the

organ.

The position of the larynx is not the same at all periods of development and gi'owth.

In the foetus, shortly before birth, it lies much nearer the head, and its inferior border

corresponds to the inferior border of the fourth cervical vertebra. Its permanent position

is not reached until the period of puberty is attained (Symington). This downward
movement of the larynx has been stated to be due to the rapid and striking growth of

the facial part of the skull (Symington). It is very doubtful, however, if the facial

growth has any influence in this direction. In the anthropoid ape, in which the face

forms a much greater part of the skull than in man, and in which, in the transition

from the infantile to the adult condition, the facial growth is even more striking than it

is in man, the larynx occupies a relatively higher position in the neck. In the early

stages of growth all the thoracic viscera undergo a gradual subsidence and the larynx

follows them. Indeed, it cannot do otherwise, seeing that the bifurcation of the

trachea between infancy and puberty moves downwards towards the caudal end of

the body more than the depth of one thoracic vertebra.

General Construction of the Larynx.—The wall of the larynx is constructed

upon a somev^'hat complicated plan. There is a framework composed of several

cartilages. These are connected together, at certain points, by distinct joints and
also by elastic membranes. Two elastic cords, which stretch in a ventro-dorsal

direction from the ventral to the dorsal wall of the larynx, form the groundwork
of the vocal folds (O.T. true vocal cords). Numerous muscles also are present.

These operate upon the cartilages of the larynx, and thereby not only bring about

changes in the relative position of the vocal folds, but also produce different

degrees of tension of these folds. The cavity of the larynx is lined with mucous
membrane, under which, in certain localities, are collected masses of mucous glands.

CARTILAGINES LARYNGIS.

Three single cartilages and three pairs of cartilages enter into the construction

of the laryngeal wall. They are named as follows :

—

(Thyreoid. ^ Aryteenoids.

o- 1 .-1 ) /^ • -J n 1 i.-i ; Cormculate cartilages
Smgle cartilages ^ Cricoid. Paired cartilages < vq f • \

J I? *
1 4-4-' i

(oantorim).
^ 1 ^ ( Cuneiform cartilages.

Cartilago Thyreoidea.— The thyreoid cartilage, the largest of the laryngeal

cartilages, is formed of two quadrilateral plates termed the laminae, which meet
ventra!ly at an angle, and become fused along the median plane. Dorsally the
lamin<e diverg ? from each other, and enclose a wide angular space which is open
dorsally. The ventral borders of the laminae are fused only in their inferior parts.

Above they are separated by a deep, narrow V-shaped median notch, called the
incisura thyreoidea or thyreoid notch. In the adult male the angle formed by the
meeting of the ventral borders of the two lamiuas, especially in its upper part, is

very projecting, and with the margins of the thyreoid notch, which lies above,
constitutes a marked subcutaneous prominence in the neck, which receives the
name of the prominentia laryngea ((J.T. Adam's Apple).
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Pomuin Aiiaitii

Couus ela.sticus

Inferior cornu of
thyreoid cartilage

Cricoid cartilage

Fu;. 845.

—

Ventral Asi'Eh m ihk Caktila'

AND Ligaments of the Larynx.

The angle which is formed by the meeting of the two laminae of the thyreoid cartilage varies,
to some extent, in (lifft-rt'nt individuals of the same sex, and shows marke<l differences in tlie two
sexes and at different periotis of life. In the
adult male the average angle is said to be 90°

;

"y"'*' '^"* Epl«loiti»

in the adult female it is 120' ; wliilst in the
infant the laminte meet in the form of a

gentle curve, convex ventrally.

The dorsal border of each lamiua oi"

the thyreoid cartilage is thick aud
rounded, and is prolonged beyond the

superior and interior borders in the

form of two slender cylindrical pro-

cesses, termed coruua. The superior

cornu is longer than the inferior cornu.

It is directed upwards, towards the

head, with a slight dorso-me<.lial in-

clination, and ends in a rounded ex-

tremity, which is joined to the tip of

the great cornu of the hyoid bone by
the lateral hyo - thyreoid ligament.

The inferior cornu is shorter and stouter

than the superior cornu. As it pro-

ceeds downwards it curves slightly

towards the median plane,and upon the

medial face of its extremity there is a

circular, flat facet, by means of which
it articulates with a similar facet on the

lateral aspect of the cricoid cartilage.

The superior border of each lamina is, for the most part, slightly convex, and,

ventrally, it dips suddenly to become continuous with the margin of the thyreoid

notch. Dorsally, where it joins the superior cornu, it exhibits a shallow notch

or concavity. The inferior border is almost straight, but it is marked off by a

projection, termed the inferior thyreoid tubercle,

into a short dorsal part, which shows a shallow

concavity close to the inferior cornu and a

longer part which Lies ventral to the tubercle,

aud is also concave, but to a less degree.

The lateral surface of each lamina is divided

into two unequal areas by the linea obliqua.

This line begins above at the superior thyreoid

tubercle, a prominence situated immediately

below the superior border, and a short distance

ventral to t he root of the superior cornu. From
the tubercle the oblique line proceeds forwards

and downwards to end in the inferior tubercle

on the interior border of the lamina. The area

which lies dorsal to the oblique line is much
smaller than that which lies on its ventral

side. It is covered by the inferior constrictor

muscle of the pharynx. The larger ventral

area is for the most part covered by the tiiyreo-

l '"J' hyoid muscle. To the oblique line are

|V ''\ attached the sterno-thyreoid, thyreo-hyoid, and

Wv ' -

.-y,'jf inl'erior constrictor muscles. The medial sur-
^

fnce of the lamina of the thyreoid cartilage is

smooth and sli-btly concave.

Cartilage Cricoidea.—The cricoid cartilage

is shaped Uke a signet-ring. Dorsally there is a broad, thick plate, somewhat

quadrilateral in form, termed the lamina; whilst ventrally and laterally the

circumference of the ring is completed by a curved band, called the arch. The

El.i-lottis

Hyoid bone

Superior
tulieri'le on
the ala of
thyreoid
cartilage

Oblique line

Inferior tubercle

Inferior comii of
thyreoid cartilage

Conus elasticus

Cricoid cartilage

Fu 846. —Profile View ok the Cartilages

AND Ligaments ok the Larynx.
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Hroid bcnf

a of the ring enclosed by these parts is circular below, but the upper pa

e ring is compressed laterally, so that the lumen becomes elliptical. T)

r border of the lamina presents a faintly marked median notch. On eith

of this there is an oval facet which looks more laterally than upwards

:

ilates with the base of the arytenoid cartilage. The dorsal surface of t!

La is divided by an elevated median ridge into two depressed areas whi(

atrachment to the posterior crico-arytaenoid muscles. The ventral
]

m;h of the cricoid is in the form of a narrow band, but as it ]

Uy towards the lamina its upper border rises rapidly, and in cons«-

irch becomes much broader. The inferior border of the cricoid is :

^ht, although it frequently presents a median ventral projection and tv

il projections. It is joined to the first ring of the trachea by an '

brane—^the crico-tracheal ligament. On the lateral surface of the

Age, at the pla.ce where the arch joins the lamina, a vertical ridge ruj

downwards from the aryta^no

articular facet. On this, a 8ho>

distance from the inferior bord

of the cartilage, a promintut ci

cular articular facet is visible, f'

articulation with the inferior con
of the thyreoid cartilage (Fig. 84

p. 1067). The medial surjau of tl

cricoid cartilage is smooth, and
covered with mucous membrane.

The narrow band - like part

the arch of the cricoid cartilage li*

below the inferior border of V.

thyreoid cartilage, whilst the la mi?

is received into the interval betwet

the dorsal portions of the lamir

'^ % tp^ , ^NJ 1 of the thvreoid cartilage.
' » • V vJ

. - . CartHagines ArjrtaBnoideac;

The arytaenoid cartilages ar-

one on each side of the medii

plane, and rest upon the upp<

border of the lamina of the crico:

cartilage, in the interval betwe«

the dorsal portions of the lamir

of the thyreoid cartilage. Ea<

presents a somewhat pyramid
form, the pointed apex of which
directed upwards, and at the sar>

time curves dorsally and mediall
pports the comiculate cartilage f.Santorini^. Of the thre« surfaces, the medi.
ices the corresponding surface of the opposite cartilage, from which it is separat*.

narrow interval : another looks dorsally ; whilst the third is directed lateral*

rentraUy. The medial surfaxe, which is the smallest of the three, is trianguL*

itline. It is narrow, vertical, and even, and is clothed with the lining muco-
brane of the larynx. The drjrsol surface is smooth and concave in the cram
al direction : it lodges and gives attachment to the arytienoideus transvers

:le. The ventro-lateral surfojoe is the most extensive of the three ''Fig. 8-^^

67). Its middle jjart is marked by a deep dexjression in which is lodged a mass
*

>us gknds. Ux->on this surface of the arytenoid cartilage the vocaHs and thyrt

--'i are inserted, whilst a small tubercle a short distance above t

jient to the ventricular ligament—the feeble supporting hgarae
le ventncuiar fold (O.T. false vocal cord). The three surfaces of the arytaenc

lages are sepaKited from each other by a ventral, a dorsal, and a lateral bord
lateral harder is the longest, and it pursues, as it is traced from the apex to t

CartUago triUcea

ThjTBO-epigJottic

Superior ooma of
t^rretrid cartilJLg<e

C-onucalate cartiUge

ArA'tKnoid CBTtOage

Vosealar process of
arytenoid cartilage

Inferior ooniu erf

thyreoid cartilage'

h(k. 847.—BoBBAL Aspect of the Cabtilages
AJSD laGAHEKTB OF THE LABTSi.

M

CJLWk
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ai dorsally in the form of a stout prominent angle or process, tanned the i^oce
nscnlaiis. Into the ventral side of this process is inserted the erico-arytienoii

1; eraKs muscle ; whilst into its dorsal aspect the crico-arytienoideu^ p:«5tt

n scle is inserted, A small nodnle of veUow elastic cartilage, called

samoid cartilage, is frequently found on the lateral border of the aiyiae:

ctilage, where it is held in position by the investing perichondrium-
"

' horder of the arytenoid is vertical and at the base of the cartilag

_ed ventrally into a small sharp-pointed process called the psoec

vialis, which receives this name hiecause it gives attachment to the vocal ligai

c supporting band of the vocal fold (O.T. true vocal cord v. The base of

atienoid cartilage presents on its inferior surface, particularly in the re;

: the processus muscularis. an elongated conc-ave fac-et for articulation with
et on the superior border of the lamina of the cricoid cartilage.

Oartilagines Comicnlatae 'Santorini^.—The coroicnlate cartilages are

: ii'-ite conical nodules of yellow elastic cartilage which surmount the apices oi

artsenoids, and prolong the upper curved ends of these cartilages in a d<

I'dial direction. Each comiculate cartilage is enclosed within the dorsal pa
te corresponding ary-epiglottic fold of mucous membrane.

Cartilagines Cimeiformes ^TVrisbergi\—The cxmeifonn cartilages are not ab
psent. They are two minute rod-shaj:>ed pieces of yellow elastic cartilage,

c which occupies a place in the corresponding ary-epiglottic fold, immedii

\ntral to the arytenoid cartilage and the comiculate cartilage of SanU
(i the superficial surface of each a collection of mucous glands is present,

tis reniis to make the cartilage stand out in relief under the mucous membra
Cartilage Epiglottica.—The epi^zlottis is supported by a thin, leaf-hke lami

;'llow fibro-c^rtilage, the epiglottic cartilage, which is placed dorsal to the root o

ingue and the body of the hyoid bone, and ventral to the aperture of the lai

hen divested of the mucous membrane, which covers it dorsally and also to i

tent ventrally, the epiglottic c-artilage is seen to present the outline of a bic

idle, and to be indented by pits and pierced by numerous perforations. Ii

^ts, glands are lodged, whilst through the foramina, blood-vessels and. in some (

^rves pass. The hroad end of the epiglottic cartilage is directed upwards, ai

?e. Its mar^ns are, to a large extent, enclosed within the ary-epiglottic fold.

' surface is free only in its upper part. This part is covered with mt
_ line, and looks towards the pharyngeal part of the tongue. The d

rface is covered throughout its whole extent with the lining mucous membra:

e laryngeal cavity. The infervyr pointed extremity is prolonged downwards ii

rm of a strong fibrous band, termed the thyreo-epiglottic ligament.

Ossification of the Cartilages of the Larjrnx.—The thvrteoid and ci

rtii:i.res and the greater part of the arytiienoid cartilages are compoeed of the h^

r- :\ of cartilage. The apical parts, and also the vocal processes of the aryti

_:s, the corniculate cartilages of Santorini, the cuneiform cartilages, anc

_...;.s, are formed of yellow fibro-cartilage, and at no period of life do they ea

V tendency towards ossific change. The thyreoid, cricoid, and basal portions o

\ tfenoids, as life advances, become more or less completely transformed into

males over twenty years of age, and in females over twenty-two years of age

xess will usually be found to have begun (Chievitz). It is impossible, however, 1

>.!v.instiou of the Tkryngeal cartilages, to form an estimate of the age of the indivi

_h iu old age it' isusual to find the thyreoid, cricoid, and the hyaline parts o

ids completely ossified. It would appear that the process is somewhat dow

.e female than in the mde. The thyreoid is the first to show the change : then

most at the same time, the cricoid : and lastly, a few years later, the aryti^noids.

ARTICULATIONS, LIGAMEXTS, AND MEMBRANES OF THE LARYNX

Crico-thyreoid Joints. — These are diarthrodial joints, and are formei

le apposition of the circular facets on the tips of the inferior comi]

le thyreoid cartilage with the elevated circular facetvs on the sides of the ci

irf ii t,'t*» An firriiMilar cat^ule surrounds each articolation. and this is lined w
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Hvoid bone

lumen of the ring enclosed by these parts is circular below, but the upper part

of the ring is compressed laterally, so that the lumen becomes elliptical. The
upper border of the lamina presents a faintly marked median notch. On either

side of this there is an oval facet which looks more laterally than upwards ; it

articulates with the base of the aryttenoid cartilage. The dorsal surface of the

lamina is divided by an elevated median ridge into two depressed areas which
give attachment to the posterior crico-arytsenoid muscles. The ventral part of

the arch of the ciicoid is in the form of a narrow band, but as it proceeds

dorsally towards the lamina its upper border rises rapidly, and in consequence

the arch becomes much broader. The inferior border of the cricoid is nearly

straight, although it frequently presents a median ventral projection and two
lateral projections. It is joined to the first ring of the trachea by an elastic

membrane—the crico-tracheal ligament. On the lateral surface of the cricoid

cairtilage, at the place where the arch joins the lamina, a vertical ridge runs

downwards from the arytcenoid

articular facet. On this, a short

distance from the inferior border

of the cartilage, a prominent cir-

cular articular facet is visible, for

articulation with the inferior cornu

of the thyreoid cartilage (Fig. 848,

p. 1067). The medial surface oi the

cricoid cartilage is smooth, and is

covered with mucous membrane.
The narrow band - like part of

the arch of the cricoid cartilage lies

below the inferior border of the

thyreoid cartilage, whilst the lamina

is received into the interval between
the dorsal portions of the lamina
of the thyreoid cartilage.

Cartilagines Arytsenoidese.—
The arytsenoid cartilages are placed

one on each side of the median
plane, and rest upon the upper

border of the lamina of the cricoid

cartilage, in the interval between
the dorsal portions of the laminae

of the thyreoid cartilage. Each
presents a somewhat pyramidal
form, the pointed apex of which is

directed upwards, and at the same
• time curves dorsally and medially.

It supports the corniculate cartilage (Santorini). Of the three surfaces, the medial

one faces the corresponding surface of the opposite cartilage, from which it is separated

by a narrow interval ; another looks dorsally ; whilst the third is directed laterally

and ventrally. The medial surface, which is the smallest of the three, is triangular

in outline. It is narrow, vertical, and even, and is clothed with the lining mucous
membrane of the larynx. The dorsal surface is smooth and concave in the cranio-

caudal direction ; it lodges and gives attachment to the arytajnoideus transversus

muscle. The ventro-lateral surface is the most extensive of the three (Fig. 848,

p. 1067). Its middle part is marked by a deep depression in which is lodged a mass of

mucous glands. Upon this surface of the arytainoid cartilage the vocahs and thyreo-

arytsenoid muscles are inserted, whilst a small tubercle a short distance above the

base gives attachment to the ventricular ligament—the feeble supporting ligament

of the ventricular fold (O.T. false vocal cord). The three surfaces of the arytsenoid

cartilages are separated from each other by a ventral, a dorsal, and a lateral border.

The lateral border is the longest, and it pursues, as it is traced from the apex to the

base, a sinuous course. Beaching the base of the cartilage, it is prolonged laterally

Cartilago triticea

Thyreo-epiglottic
ligament

Superior cornu of
thyreoid cartilage

Corniciilate cartilage

Arytfenoid cartilage

Muscular process of
arytenoid cartilage

Inferior cornu of
thyreoid cartilage

Fig. 847.

—

Dorsal Aspect of the Cartilages
AND Ligaments ok the Larynx.
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aud dorsally in the form of a stout promiueiit angle or process, termed the processus
muscularis. Into the ventral side of this process is inserted the crico-arytn-noideus
laterahs muscle ; whilst into its dorsal aspect the ciico-arytajnoidcus posterior
muscle is inserted. A small nodule of yellow elastic cariilagt^ called the
sesamoid cartilage, is frequently found on the lateral border <>[' the aryta^noid
cartilage, where it is held in position by the investing ixirichondrium. The
ventral border of the arytienoid is vertical, and at the base of the cartilage is

prolonged ventrally into a small sharp-pointed process called the processus

vocalis, which receives this name because it gives attachment to the vocal ligament
or supporthig band of the vocal fold ((.).T. true vocal cord). Tin; base of the
arytamoid cartilage presents on its inferior surface, particuhirly in i\u- region

of the processus muscularis, an elongated concave facet for articulation with the
facet on the superior border of the lamina of the cricoid cartilage.

Cartilagines Corniculatse (Santorini).—The corniculate cartilages are two
minute conical nodules of yellow elastic cartilage which surmount the apices of the
arytienoids, and prolong the upper curved ends of these cartilages in a dorso-

medial direction. Each corniculate cartilage is enclosed within the dort^al part of

the corresponding ary-epiglottic fold of mucous memVjrane.

Cartilagines Cuneiformes (Wrisbergi).—The cuneiform cartilages are not always
present. They are two minute rod-shaped pieces of yellow elastic cartilage, each
of which occupies a place in the corresponding ary-epiglottic fold, immediately
ventral to the arytaenoid cartilage and the corniculate cartilage of Santorini.

On the superficial surface of each a collection of mucous glands is present, and
this tends to make the cartilage stand out in relief under the mucous membrane.

Cartilage Epiglottica.—The epiglottis is supported by a thin, leaf-like lamina of

yellow fibro-cartilage, the epiglottic cartilage, which is placed dorsal to the root of the

tongue and the body of the hyoid bone, and ventral to the aperture of the larynx.

When divested of the mucous membrane, which covers it dorsally and also to some
extent ventrally, the epiglottic cartilage is seen to present the outline of a bicycle-

saddle, and to be indented by pits and pierced by numerous perforations. In the

pits, glands are lodged, whilst through the foramina, blood-vessels aud, in some cases,

nerves pass. The broad end of the epiglottic cartilage is directed upwards, and is

free. Its margins are, to a large extent, enclosed within the ary-epiglottic fold. The
ventral surface is free only in its upper part. This part is covered with mucous
membrane, and looks towards the pharyngeal part of the tongue. The dorsal

surface is covered throughout its whole extent with the lining mucous memljrane of

the laryngeal cavity. The inferior pointed extremity is prolonged downwanls in the

form of a strong fibrous band, termed the thyreo-epiglottic ligament.

Ossification of the Cartilages of the Larynx.—The thyreoid and cricoid

cartilages and the greater part of the arytfeuoid cartilages are composed of the hyaline

variety of cartilage. The apical parts, and also the vocal processes of the arytienoid

cartilages, the corniculate cartilages of Santorini, the cuneiform cartilages, and the

epiglottis, are formed of yellow fibro-cartilage, and at no period of life do they exhibit

any tendency towards ossific change. The thyreoid, cricoid, aud basal portions of the

arytajuoids, as life advances, become more or less completely transformed into bone.

In males over twenty years of age, and in females over twenty-two years of age, the

process will usually be found to have begun (Chievitz). It is impossible, however, by an

examination of the laryngeal cartilages, to form an estimate of the age of the individual,

although in old age it is usual to find the thyreoid, cricoid, and the hyaline parts of the

arytaenoids completely ossified. It woidd appear that the process is somewhat shiwer in

the female than in the male. The thyreoid is the first to show the change ; then, but

almost at the same time, the cricoid ; and lastly, a few years later, the aryttenoids.

ARTICULATIONS, LIGAMENTS, AND MEMBRANES OF THE LARYNX.

Crico-thyreoid Joints. — These are diarthrodial joints, and are formed by

the apposition of the circular facets on the tips of the inferior cornua of

the thyreoid cartilage with the elevated circular facets on the sides of the cricoid

cartilage. An articular capsule surrounds each articulation, and this is lined with a
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synovial layer (stratum synoviale). On the dorsal aspect of the joint a strengthen-

ing band is present in the capsule. The movements which take place at the

crico-thyreoid joints are of a twofold character, viz., gliding and rotatory. In the

first case the thyreoid facets glide upon the cricoid surfaces in different directions.

The rotatory movement is one in which the thyreoid cartilage rotates to a slight

extent around a transverse axis which passes through the centres of the two joints.

Crico-arytaenoid Joints.—These also are diarthrodial articulations. In each

case there is a joint cavity surrounded by an articular capsule, which is lined with

a synovial layer. The cricoid articular surface is convex, whilst that of the

arytaenoid is concave ; both are elongated or elliptical in form, and they are applied

to each other so that the long axis of the one intersects or crosses that of the other

at an acute angle. In no position of the joint do the two surfaces accurately

coincide—a portion of the cricoid facet is always left uncovered. The capsule of

the joint is strengthened dorsally by a band which is inserted into the dorso-

medial part of the base of the arytaenoid cartilage, and plays a somewhat important

part in the mechanism of the joint ; it effectually arrests excessive ventral

movement of the arytsenoid cartilage.

The movements which take place at the crico-arytsenoid joints are of a two-

fold kind, viz., gliding and rotatory. The ordinary position of the arytaenoid during

easy, quiet breathing is one in which it rests upon the lateral part of the cricoid

facet. By a gliding movement it can move upon the cricoid facet, and advance

towards the median plane and its fellow of the opposite side. The ghding

movements, therefore, are of such a character that the two arytaenoid cartilages

approach or retreat from each other and from the median plane. In the rotatory

movement the arytaenoid cartilage revolves around a vertical axis. By this

movement the vocal process is swung laterally or medially, so as to open or close

the rima glottidis.

The joint between the arytaenoid and the corniculate cartilage (Santorini)

may either partake of the nature of an amphiarthrosis or of a diarthrosis. The tips

of the two corniculate cartilages can generally be made out to be connected to the

upper border of the lamina of the cricoid cartilage by a delicate Y-shaped band of

connective tissue termed the ligamentum corniculopharjmgeum.

Hyothyreoid Membrane.—This is a broad, membranous, and somewhat elastic

sheet which occupies the interval between the hyoid bone and the thyreoid

cartilage. It is not equally strong throughout. It presents a central thick portion

and cord-like right and left dorsal margins, whilst in the intervals between these it

is thin and weak (Figs. 845 and 846, p. 1063). The central thickened part, or the

ligamentum hyothyreoideum medium, is largely composed of elastic fibres. Below
it is attached to the margins of the thyreoid notch, whilst above it is fixed to

the dorsal part of the upper border of the body of the hyoid bone. The upper part

of its ventral surface, therefore, is placed dorsal to the dorsal hollowed-out surface

of the bo I y of the hyoid bone ; a synovial bursa of variable extent is placed between

them, and in certain movements of the head and larynx the upper border of the

thyreoid cartilage moves towards the head on the dorsal side of the hyoid bone.

On each side of the strong central part the hyothyreoid membrane is thin and

loose, aud is there attached, below, to the upper border of the thyreoid cartilage, and
above, to the medial aspect of the great cornu of the hyoid bone. It is pierced by

the internal ramus of the superior laryngeal nerve aud by the»superior laryngeal

vessels. The dorsal border of the hyothyreoid membrane on each side is thickened,

round, and cord-like, and is chiefly composed of elastic fibres; it is termed the liga-

mentum hyothyreoideum laterale, and extends from the tip of the great cornu of the

hyoid bone to the extremity of the upper cornu of the thyreoid cartilage. In this

ligament there is usually developed a small oval cartilaginous or bony nodule,

which receives the name of the cartilago triticea. The deep surface of the lateral

part of the hyothyreoid membrane is covered with the pharyngeal mucous
membrane, and its central part lies ventral to the epiglottis, but separated from it

by a mass of adipose tissue (Fig. 851, p. 1070).

Conus Elasticus.—The conus elasticus, formerly known as the crico-thyreoid

membrane, is a very important structure, which it is convenient to consider in three
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parts, viz., one median and two lateral, all ol which anj directly continuous with
one another, and ditier only in the nature of their uj)per connexions. The median
part (crico-thyreoid Ugament) of the conus elasticu.s is strong, tense, and elastic.

It is triangular in shape, and is attached by its broad base to the upp«*r border
of the arch of the cricoid cartilage, whilst its apex is fixed to the medial part of
the lower border of the thyreoid cartilage (Fig. 845, p. 1003). It is pierced by
minute apertures, and is crossed superticially by the crico-thyreoid branch of the
superior thyreoid artery. The median i)art of the conuti elasticus, therefore, closes,

ventrally, the interval between the cricoid and thyreoid cartilages. The lateral

part, on each side, presents very dilferent connexions. It is not attached to the
inferior border of the thyreoid cartilage, but slopes upwards and njedially on the
inner side of the thyreoid lamina, and thus diminishes materially the transverse

or frontal width of the; cavity of the larynx. lis attachments are ver)' definite.

Inferiorly it is fixed to the .superior border of the cricoid cartilage immediately
subjacent to the lining mucous membrane of the larynx ; nhore it is direetlv

continuous with the vocal ligament or

supporting band of the vocal fold. That
ligament, indeed, may be looked upon as

constituting the superior thickened free

border of the lateral part of the conus

elasticus. Ventrally the lateral part of

the conus elasticus is attached to the

inferior half of the medial surface of the

lamina of the thyreoid cartilage, close to

the angle, and, dorsally, to the inferior

border of the processus vocalis of the

arytenoid cartilage. In contact with the

outer surface of the lateral part of the

conus elasticus, and separating it from

the thyreoid lamina, are the lateral crico-

arytaenoid muscles ; the inner surface is

clothed with the lining mucous membrane
of the larynx.

Ligamentum Vocale.—The vocal liga-

ment (O.T. inferior thyreo-arytsenoid lig.)

is formed in connexion with the superior

border of the conus elasticus, and con-

stitutes the supporting ligament of the vocal fold (O.T. true vocal cord). It is

attached ventrally, close to its fellow of the opposite side, to the middle of the

angular depression between the two laminte of the thyre )id cartilage. From
there it stretches dorsally, and becomes incorporated with the tip and superior border

of the processus vocalis, which projects ventrally from the base of the arytaenoid

cartilage. The vocal ligament is composed of yellow elastic fibres, and embedded
in its ventral extremity there is, frequently, a minute nodule of ehistic cartilage.

Its medial border is sharp and free, and is clothed with raucous membrane, which
in that position is very thin and tightly bound down to the ligament.

Ligamentum Ventriculare.—The ventricular ligament su]>ports the ventricular

fold (O.T. false vocal cord). It is weak and indefinite, but st^mewhat longer than

the vocal ligament. Ventrally it is attached to the angular depression l)etween

the two lamina? of the thyreoid cartilage, above the vocal ligament and close to

the attachment of the thyreo-epiglottic Ugament: it extends, dorsally, to he fixed

to a tubercle on the ventro-lateral surface of the arytivnoid cartilage, a short dis-

tance above the processus vocalis. It is composed of connective tissue and elastic

fibres which are continuous with the fibrous tissue in the ary-epiglottic fold.

Epiglottic Ligaments.—The epiglottis is bound by ligaments to the base of

the tongue, to the wall of the pharynx, to the hyoid bone, and to the thyreoid

cartilage. The glosso-epiglottic fold is a prominent median fold of mucous
membrane which proceeds from the middle of the ventr.il free surface of the

epiglottis to the root of the tongue. The pharyngo-epiglottic folds are similar

Vocal proi-oxM

Itiiiia ijlottiili

Ligament of
vocal folil

Lateral i»art of conux
elasticus

Facet on cricoid for inferior
coniu of tliyreoiil cartilage

(.'ricoi<l cartilage

Fiii. 848. — DissKCTioN to show thk Conos
Elasticus. The right lamina of the thyreoid

cartilage has been removed.
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elevations of mucous membrane which proceed from the lateral margins of the

epiglottis to the lateral walls of the pharynx at the side of the tongue. Between
the two layers of mucous membrane which form each of these folds is a certain

amount of elastic tissue. By the three folds the depression between the root

of the tongue and the epiglottis is marked off into two fossae, termed the epiglottic

valleculae. From the lateral margins of the epiglottis there also pass off the

plicae aryepiglotticse to the aryttenoids.

The ligamentum liyoej)iglotticum is a short, broad elastic band, somewhat
broken up by adipose tissue, which connects the ventral surface of the epiglottic

cartilage to the upper border of the hyoid bone (Fig. 853, p. 1073). The liga-

mentum thyreoepiglotticam is strong and thick (Fig. 855, p. 1075). Composed
mainly of elastic tissue, it proceeds downwards, from the inferior pointed extremity

of the epiglottic cartilage, and is attached to the angular depression between the

two laminae of the thyreoid cartilage, below the median notch.

A triangular interval is left between the ventral surface of the epiglottis and
the hyo-thyreoid membrane. This is imperfectly closed above by the hyo-

epiglottic ligament, and contains a pad of soft fat (Fig. 851, p. 1070).

Pharyngeal
surface ot

j

tongue

Hyoid bone

CAVUM LARYNGIS.

The cavity of the larynx is smaller than might be expected from an inspection

of its exterior. On looking into its interior, through the laryngeal aperture, it is

seen to be subdivided into three portions by two pairs of elevated folds of mucous
membrane, which extend ventro-dorsally (antero-posteriorly), and project medially

from each lateral wall of the cavity. The upper pair of folds are the ventricular

folds (O.T. false vocal cords) ; the lower, more definite pair, are the vocal folds (O.T.

true vocal cords) (Fig. 849).

The latter are the chief

agents in the production

of the voice, and the

larynx is so constructed

that changes in their

relative position and in

their degree of tension

are brought about by the

action of the muscles and
the recoil of the elastic

ligaments.

Aditus Laryngis.—
The laryngeal aperture is

a large obliquely placed

opening, which slopes
rapidly in a dorsal and
downwards direction and
looks upwards and dorsally

into the laryngeal part of

the pharynx. Somewhat
triangular in outhne, the

basal part of the aperture,

placed superiorly and
ventrally, is formed by the

free border of the epiglottis. The opening rapidly narrows as it runs downwards,

and it ends in the interval between the two arytsenoid cartilages. The sides of

the aperture are formed by two sharp and prominent folds of mucous membrane
called the ary-epiglottic folds, which stretch between the lateral margins of the

epiglottis, veutrally, and the arytaenoid cartilages dorsally. The two layers of

mucous membrane which compose the ary-epiglottic folds, enclose, between them,

some connective tissue, muscular fibres belonging to the ary-epiglottic muscles, and

in their dorsal parts the cuneiform and corniculate cartilages, which latter surmount

Vocal fol 1

Glosso-
epiglottic

ligament

Epiglottic vallecula

Pharyngo-
epiglottie

ligament

Epiglottis

Tubercle of epiglottis
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lyaryngeal venti'icle
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Fig. 849.- -AoiTCJS Larynois, b.\i'()sed by the Removal ov the
DoRSAi, Wall of the Pharynx.
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the arytcunoid cnrtilages. These small nodules of cartihige raise the dorsal part of
the ary-epiglottic fold in tin- form of two rounded eminences, tenned respectively
the tuberculum cuneiforme [Wrisbergi] and the tuberculum comiculatum [Santorini].

On each side (tf Ihe laryngeal opening tliere is, in the pharynx, it Hmull n-ct-ss,

directed downwards, which presents u wide entrance, hut rapidly narrows towards
the hottom. It is termed the recessus piriformis, and is of importance to the surgeon,
because foreign bodies introduced into the pharynx are lial»le to be caught in this
little pocket. On the medial side the recessus piriformis is bounded by the
arytenoid cartilage and the ary-epiglottic fold, whilst on the lateral side it is

limited by the inner surface of the lamina; of the thyreoid cartilage, clothed with
the ])haryngeal mucous membrane.

Vestibulum Laryngis. The vestibule of the larynx is the uppermost compart-
ment (»f tlio cavity of the larynx. It extends from the larvn'joal ai)erliin' tn tlu-

ventricular folds. In its inferior part it ex-

hibits a marked lateral compression. Its width,

therefore, diminishes in the vertical direction,

whilst, owing to the obliquity of the laryngeal

aperture, its depth rapidly diminishes ventro-

dorsally. Ventrally it is Ijouuded by the dorsal

surface of the epiglottis, clothed with mucous
membrane. This wall passes obliquely from its

superior end in an inferior ventral direction,

and becomes narrower as it approaches the

ventral or anterior ends of the ventricular folds.

The superior part of the dorsal surface of the

epiglottis is convex, owing to the manner in

which the upper margin is curved ventrally

towards the tongue ; below the convexity

there is a slight concavity, and still lower a

marked bulging or convexity, over the superior

part of the thyreo-epiglottic ligament. This

swelling is called the tuberculum epiglotticum,

and it forms a conspicuous object in laryngo-

scopic examination of the larynx. Each lateral

wall of the vestibule of the larynx is formed by
the medial surface of the corresponding ary-

epiglottic fold. For the most part it is smooth
and slightly concave, and it diminishes con-

siderably in vertical depth as it passes dorsally.

In its dorsal part the mucous membrane stands

out in two elongated vertical elevations, placed

one dorsal to the other (Fig. 849, p. 1068).

formed by the subjacent cuneiform cartilage with the mass .of glands associated

with it ; the more dorsal elevation is produced by the upper part of the arytienoid

cartilage and the corniculate cartilage (Santorini). A shallow groove (philtrum

ventriculi of Merkel) passes downwards between these rounded elevations, and

terminates below by running into the interval between the ventricular and

vocal folds. The ventral elevation ends below in the dorsal extremity of the

ventricular fold; the arytenoid or dorsal elevation, in its inferior part, bends

round the dorsal end of the ventricle of the larynx and becomes lost in the vocal

fold. The dorsal wall of the laryngeal vestilnile'is narrow, and corresponds to the

interval between the upper parts of the two arytrenoid cartilages. Its width, to a

large extent, depends on the position of those cartilages, and when they are placed

near each other the mucous membrane which covers the dorsal wall is thrown

into longitudinal folds.

The middle compartment of the larynx is mucli the smallest of the three. It

is bounded above by the ventricular fold and below by the vocal folds, whilst it

communicates between those folds with the vestibule on the one hand and the

inferior compartment on the other.

Vocal fold

Miisciilus

vocalis

Cricoid
cartilage

Fig. 850.

—

Frontal Section throooh the
Larynx to show it.s Ck)Mi'ARTMENT8.

The more ventral elevation is
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The ventricular folds (O.T. false vocal cords) are two prominent folds of

mucous membrane which extend ventro-dorsallj on the lateral walls of the

lai-yngeal cavity. Ventrally they reach the

angle between the two laminae of the

thyreoid cartilage, but dorsally they do not
extend so far as the dorsal wall of the

larynx. They come to an end at the in-

ferior extremity of the elongated swelling

produced by the cuneiform cartilage. The
ventricular fold is soft and somewhat flaccid,

and presents a free border which is slightly

arched—the concavity looking downwards.
Within the fold of mucous membrane which
forms this fold are contained : (1) the feeble

ventricular Ugament
; (2) numerous glands

which are chiefly aggregated in its middle
part ; and (3) a few muscle fibres.

The interval between the ventricular

folds is sometimes termed the rima vestibuli

(O.T. false glottis), and is considerably wider
than the interval between the two vocal

folds, which is called the rima glottidis. It

follows, from this, that when the cavity of

the larynx is examined from above the four

folds are distinctly visible, but when ex-

amined from below the vocal folds alone

can be seen.

The vocal folds (O.T. true vocal cords),

placed below the ventricular folds, extend
from the angle between the laminae of the

Fig. 851.—Section theouuh Larynx in the thyreoid cartilage ventrally, to the vocal

^FTflTRiGHrHAy"''
^'^ ^'""^ ^^"^"^ processes of the arytsenoidcartilagesdorsally.

The vocal fold is sharp and prominent, and
the mucous membrane which is stretched over it is very thin and firmly bound
down to the subjacent ligament. In colour it is pale, almost pearly white, whilst,

dorsally, the point of the processus

vocalis of the arytsenoid, which stands />7AV<X/ '''''y'"«''^''i cartilage

out clearly in relief, presents a yellowish

tinge. In cross-section the vocal fold is

prismatic in form, and its free border

looks upwards as well as medially.

The vocal folds are the agents by
means of which the voice is produced.

The ventricular folds are of little im-

portance in this respect ; indeed, they

can in great part be destroyed and no
appreciable difference in the voice result.

Rima Glottidis.—This name is ap-

plied to the elongated fissure by means
of which the middle compartment of the

larynx communicates with the lower com-
partment. It is x^laced somewhat below

the middle of the laryngeal cavity, of

which it constitutes the narrowest part.

Ventrally it corresponds to the interval

between the vocal folds ; dorsally it corre-

sponds to the interval between the bases

and vocal processes of the arytsenoid cartilages. It is composed, therefore, of two
distinct parts: (1) a narrow ventral portion, between the vocal folds, involving

Vocal ligament

Arytsenoid
cartilage

Fig. 8f)2.

—

Diaouam of Kima Glottidis.

During ordiiiarj' easy breathing. B. Widely opened.
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more than hull' of its length, and called the pars intennembranacea ul the rima
glottidis

; (2) a broader, shorter portion, between the arytieuoid cartilages, and
termed the pars intercartilaginea. By changes in the position of the arytienoid

cartilages the form of the rima glottidis unilergoes constant alterations. In

ordinary ea.sy breathing it i.s somewhat lanceolate in outline. The pars inter-

membranacea presents, under these conditions, the form of an elongated triangle

the base of which is directed dorsally and corresponds to an imaginary line drawn
between the points of the vocal processes of the arytcenoid cartilages, whilst the

pars intercartilaginea is somewhat quadrangular. When the glottis is opened
widely the broadest part of the fissure is at the extremities of the vocal processes

of the arytienoids, and there each side of the rima glottidis presents a marketl angle.

The two vocal folds, on the other hand, may be approximated to each other so

closely, as in singing a high note, that the pars intermembranacea is reduced to a

linear chink.

The length of the rima glottidis ditfei-s very considerably in the two sexes, and ujjun this

depends the different character of the voice in the male and female. According to Moura, the

following are the average measurements in the quiescent condition of the rima :

—

Male-Length of entire rima glottidis, 23 mm. | P'^^ intermembranacea 15-5 mm.
°

I P'lrs intercartilaginea, 75 nun.

Female—Length of entire rima glottidi.-, 17 nuu. | P^^^ intermembranacea, 11-5 mm.
[ pars interciirtilaginea, 6'5 mm.

By stretcliing the vocal folds, however, the length of the rima glottidis in the male may
be increased to 215 mm., and in the female to 20 mm.

The position of the rima glottidis may be indicated on the surface by marking a point on the
middle line of the neck 8-5 mm. below the thyreoid notch in the male and 6-5 mm. in the
female. This is the average position (Taguchi).

Ventriculus Laryngis (Morgaguii).—The lateral wall of the larynx, in the

interval between the ventricular and the vocal folds, exhibits a marked pocket-

like depression or recess called the ventricle of the larynx. The ventricle passes

upwards, so as to undermine somewhat the ventricular fold, and its mouth is

somewhat narrower than its cavity. Veutrally it reaches to the angle between
the laminai of the thyreoid cartilage, whilst dorsally it ends at the ventral border

of the arytienoid cartilage.

Under cover of the ventral part of the ventricular fold a small slit-like

aperture may be detected ; this leads upwards from the laryngeal ventricle into a

small diverticulum of mucous membrane, termed the appendix ventriculi laryngis,

which passes upwards, between the ventricular fold and the lamina of the

thyreoid cartilage. The laryngeal appendix is of variable extent, but as a rule it

ends blindly at the level of the upper border of the thyreoid cartilage.

Sometimes the appendix ventriculi laryngis extends much higher up, and may even

reach the dorsal part of the great coniu of the hyoid bone. This is of interest when
considered in connexion with the extensive laryngeal ponclies of the anthropoid apes.

The lowest compartment of the cavity of the larynx leads caudally into the

trachea. Above it is narrow and compressed laterally, but it gradually widens

out until it becomes circular, in correspondence with the trachea, with which

it is continuous. It is bounded by the sloping medial surfaces of the conns

elasticus (O.T. crico - thyreoid membrane) and by the medial aspect of the

cricoid cartilage—both covered with smooth mucous membrane. In the operation

of laryngotomy the opening is made through the crico-thyreoid ligament in the

ventral wall of this compartment.
Tunica Mucosa Laryngis.—Tlie mucous membrane whicli hues the larynx

is continuous above with the lining of the pharynx, and below with the mucous
membrane of the trachea. Over the dorsal surface of the epiglottis it is closely

adherent, but elsewhere, above the level of the vocal folds, it is loosely attached

by submucous tissue which extends into the ary-epiglottic folds. As it passes over

the vocal folds the mucous membrane is very thin, and is tightly bound down.

It is important to bear the.se facts in mind, because, in certain inflammatory conditions, the

lax submucous tissue in the upper part of the larynx is liable to become infiltrated with fluid,
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producing what is known as oedema glottidis. This may proceed so far as to cause occlusion of

the upper part of the cavity. The close adhesion of the mucous membrane to the vocal folds,

however, prevents the oedema extending beyond the level of the rima glottidis, and the surgeon

is thus able to relieve the patient by making an opening through the ventral part of the conus

elasticus into the cavity of the larynx.

Above the level of the rima glottidis the laryngeal mucous membrane is

extremely sensitive, and when touched by a foreign body there is an immediate

response in the shape of an explosive cough. In the lower compartment of the

larynx the mucous membrane is lined with columnar ciliated epithelium. Over

the vocal folds this is replaced by squamous epithelium. In the ventricle of the

larynx and in the inferior part of the vestibule of the larynx the columnar ciliated

epithelium again reappears. The upper part of the epiglottis and the upper parts

of the lateral walls of the vestibule are covered with squamous epithelium similar

to that present in the mouth and pharynx.

The mucous membrane of the larynx has a plentiful supply of acinous glands,

and in only one place, viz., over the surface of the vocal folds, are these com-

pletely absent. For the most part the glands are aggregated in groups. The
following are the localities in which these groups are especially noticeable : (1) On
the dorsal surface of the epiglottis, many of the glands piercing the cartilage

; (2)

around the cuneiform cartilage, where they are chiefly responsible for the elongated

elevation seen in this part of the wall of the vestibule
; (3) in the ventricular folds

and over the wall of the laryngeal vestibule and the appendix ventriculi laryngis.

MUSCULI LARYNGIS.

Of the several muscles attached to the cartilages of the larynx all do not

physiologically belong to the larynx, as, for example, the inferior constrictor

muscles of the pharynx, which, though attached to both cricoid and thyreoid

cartilages, belong to the muscles of the pharynx, as do also the stylo-pharyngeus

and palato-pharyngeus muscles inserted in part into the thyreoid cartilage.

The true physiological muscles of the larynx may be divided into two great

groups, extrinsic and intrinsic. The extrinsic laryngeal muscles comprise all

muscles passing to the os hyoideum, which is physiologically a part of the

laryngeal apparatus, as well as the m. sterno-thyreoideus. They have already been

described in the section on muscles.

The intrinsic laryngeal muscles are nineteen in number, nine paired and one

unpaired. They may be roughly classified physiologically as follows :

—

A. Constrictor muscles of the larynx, including the adductors of the vocal folds

—

Mm. cricoarytsenoidei laterales. Paired.

Mm. thyreoarytsenoidei. Paired.

M. arytsenoideus transversus. Unpaired.

Mm. arytocnoidei obliqui. Paired.

Mm. aryepiglottici. Paired.

B. Dilator muscles of the larynx, including the abductors of the vocal folds

—

Mm. cricoaryttcnoidei posteriores. Paired.

Mm. thyreoepiglottici. Paired.

C. Muscles modifying the tension of the vocal cords

—

Mm. cricothyreoidei. Paired.

Mm. vocales. Paired.

Mm. ventriculares. Paired.

Mm. thyreoarytienoidei (also constrictors). Paired.

The mm. cricoarytsenoidei laterales are a pair of triangular muscles, each

of which lies in the lateral wall of the larynx upon the conus elasticus and con-

cealed by the lamina of the thyreoid cartilage, the thyreoid gland, and the infra-

hyoid muscles.

Each muscle arises from the upper border and the lateral surface of the arch

of the cricoid cartilage as far dorsally as the facet which supports the base of the

arytsenoid cartilage, and also from the lateral part of the conus elasticus.
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From this origin the muscular fibres

be inserted into the ventral surface of

cartilage. The muscle is not infre-

quently inseparable from the (external)

thyreo-aryt:i'noid muscle.

By its action tlu; lateral crico-ary-

tffinoid muscle draws the processus

rauHCularis of the aryta-noid cartilage

ventrally and downwards, thus turning
the processus vocalis of the same car-

tilage medially, and tending thereby to

stretch the vocal fold and to approxi-

mate it to its fellow of the opposite side,

tiius assisting in closure of the rima
glottidis. Its nerve supply is the

anterior ventral branch of the inferior

laryngeal nerve.

The Mm. Thyreoarytaenoidei (O.T.

Thyreoarytaenoideus Externus). —
Each thyreo- aryta'uoid muscle is a

thin, quadrangular muscle, which is only
separable from the corresponding m.
vocalis, with which it forms a common
mass, by artificial means.

It lies in the lateral wall of the

larynx, immediately to the medial side

of the lamina of the thyreoid cartilage,

and lateral to the appendix veutriculi

laryngis, the m. vocalis, and the conus

elasticus ; its inferior border is in con-

tact with the lateral crico-aryttenoid

run dorsally and upwards, and converge to

the processus muscularis of the arvta-noid
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muscle, whilst its superior border ex-
tends farther upwards than the vocal
fold, and is in contact with the inferior

border of the thyreo-epiglotticus.

It arises from the inferior half of

the medial surface of the lamina of the
thyreoid cartilage, close to its ventral

angle, and also from the lateral part of

the conus elasticus. The muscular filires

pass dorsally and upwards to l>e inserted

into the lateral l)order and nm.se ular

process of the ary ta^noid cartilage ; some
of the fibres, however, turn round this

cartilage and become continuous with

thearytamoideus transversus. The upper
fibres of the thyreo-arytjenoideus vary
very greatly in their development and
arrangement.

By its action the mu.scl*' rotatt^s the

arytienoid caitilage and draws it ven-

trally in such a way that its vocal pro-

cess is carried ventrally and medially and
the vocal fold is rendered somewhat
riaccid. The muscle thus antagoni.ses

the crico-thyreoideus. The main action

of the muscle nmst, however, l)e that of

a constrictor fif the sujiraglottic region
I if the larynx.

69
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The nerve supply is the anterior branch of the inferior laryngeal nerve.

The m. arytaenoideus transversus is a thick, oblong, unpaired muscle which lies

in the dorsal wall of the larynx and bridges across the interval between the two

arytpenoid cartilages. The ventral surface of the muscle is in contact with the

dorsal concave surfaces of the aryta^noid cartilages, and between them with the

mucous membrane of the larynx. Its dorsal surface is partly concealed by the

arytsenoidei obliqui and by the submucous tissue of the pharynx. The inferior

border extends to the lamina of the cricoid cartilage, and its upper border does not

quite reach the apices of the arytsenoid cartilages.

The attachments of the muscle are, on both sides, to the dorsal surface of the

processus muscularis and the lateral edge of the arytsenoid cartilages. All the fibres

run in a frontal (coronal) direction, and some turn round the arytsenoid cartilage

to become continuous with the thyreo-arytsenoideus. The arytaenoideus trans-

versus and the thyreo-arytsenoid muscles form, together, a sphincter of the glottis.

By its action the arytsenoideus transversus approximates the arytsenoid

cartilages, thereby tending to close the pars intercartilaginea of the rima glottidis.

Its assistance in the sphincter action of the thyreo-arytsenoideus has already

been pointed out.

The muscle is innervated by the posterior or dorsal rami of the inferior

laryngeal nerve of both sides.

The mm. arytaenoidei obliqui are a pair of muscles which lie in the dorsal wall

of the larynx, immediately dorsal to the arytsenoideus transversus and ventral

to the submucous tissue of the pharynx.

Each muscle consists of a bundle of muscular fibres which arise from the

dorsal aspect of the processus muscularis of the corresponding arytsenoid cartilage.

From their origins the two fleshy slips proceed upwards and medially, and cross

each other in the median plane like the two limbs of the letter X. Eeaching

the apex of the arytsenoid cartilage of the opposite side, many, but not all, of the

fibres are inserted there, but others receiving a fresh attachment arise from the

apex of the arytsenoid cartilage as the m. aryepiglotticus, and extend ventrally and

upwards in a series of arches within the aryepiglottic fold to terminate in the

thyreo-epiglottic ligament and the lateral margin of the epiglottic cartilage ;
and as

the muscle approaches the latter structure its fibres are joined by the fibres of the

thyreo-epiglotticus. With its superior border are also commingled some fibres

from the m. stylo-pharyngeus.

Action.—-The arytsenoideus obliquus and aryepiglotticus combined, act as a

rudimentary sphincter muscle for the aditus and the vestibulum laryngis, that is

for the superior aperture of the larynx, inasmuch as they extend from the base of

one arytsenoid cartilage to the apex of the arytsenoid cartilage of the opposite side,

and then on to the epiglottis within the ary-epiglottic fold.

The two muscular slips are innervated by the corresponding anterior rami

of the inferior laryngeal nerves.

The mm. cricoarytaenoidei posteriores are a pair of triangular muscles, each of

which lies on tlie dorsal surface of the lamina of the cricoid cartilage, under cover

of the tela submucosa of the pharynx. Each arises, by a broad origin, from the

medial and inferior^ part of the depression on the dorsal surface of the lamina of

the cricoid cartilage at the side of the median ridge ; from that origin its fibres

converge upwards and laterally to he inserted into the dorsal surface and apex

of the processus muscularis of the corresponding arytsenoid cartilage. In

their course from origin to insertion the muscular fibres display very different

degrees of obhquity. The most superior fibres are short and nearly horizontal ; the

intermediate fibres are the longest and are very oblique ; whilst the most inferior

fibres are almost vertical in their direction.

By its action the crico-arytsenoidei posteriores draw the muscular processes

of the arytenoid cartilages medially and dorsally, swing the vocal processes and

the vocal folds laterally, and thereby open the rima glottidis.

The muscle is innervated by the posterior ramus of the inferior laryngeal

nerve.

The mm. thyreoepiglottici are a pair of thin, oblong, very variable muscles.
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which lie in the .side walls of the

thyreo - arytfenoideus, medially by
appendix ventriculi laryiij^is, and later-

ally by the lamina of tlie thyreoid car-

tilage. It coiistitute.s what was f<jrmerly

described as the uppermost tibres of the

thyreo-arytu'noideus externus muscle.

Each thynio-epiglotticus arises from
the medial surface of the lamina of the

thyreoid cartilage, immediately above
the origin of the tliyreo-arytienoideus.

From this origin the tibres run in arches,

upwards and dorsally, to be inserted

partly into the margin of the ary-

epiglottic fold, and partly into the lateral

margin of the epiglottis, being inter-

mingled with the fibres of t\w ary-

epiglotticus.

By its action the thyreo-epiglotticus

widens the aditus and the vestil)ulum

laryngis. Its innervation is derived

from the ventral ramus of the inferior

laryngeal nerve.

The mm. cricothyreoidei are a pair

of quadrangular muscles, broader and

Epiglottis -

the

the

larynx. Each is l)0unded below by
the thyreo - epiglottic ligament and
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thicker above than below. They lie

on the cricoid cartilage and bridge

over the crico-thyreoid interval, and
are, therefore, the only intrinsic

laryngeal muscles which are visible

in an ordinary dissection of the neck.

Each is covered laterally and in part

by the thyreoid gland and the sterno-

thyreoid and the sterno-hyoid nms-
cles. Between the two muscles of

opposite sides there is an inter-

mediate triangular area left in which

the crico-thyreoid ligament is visil>l»-.

Each crico - thyreoideus arises

rom the lower border and lateral

surface of the arch of the cricoid

cartilage, and from this origin its

tibres radiate dorsally and upwards

to be inserted into the inferior border

and medial surface of the lamina of

the thyreoid cartila<'e, as far as its

inferior cornu, and also into the in-

ferior cornu itself. As a general

rule each muscle is divided into two

parts, viz., (1) a pars recta composed

of those fibres which are inserted

into the lamina of the thyreoid car-

tilage ; and (2) a pars obliqua formed of those fibres which are inserted into

the inferior cornu. The nmscle is closely associated with the inferior constrictor

M. vocalis

M. tliyieo-

aryttenoiileus
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muscle of the pharynx, and sometimes shows a certain amount of continuity

with it.

The general action of the crico-thyreoideus is to render the vocal fold tense,

as is more fully set forth in the paragraph dealing with the actions of the intrinsic

laryngeal muscles as a whole.

The innervation is derived from the external ramus of the superior laryngeal

nerve.

The Mm. Vocales (O.T. Internal Thyreo-arytsenoid Muscles).—The vocalis

muscle of each side is a triangular, somewhat prismatic muscle, which forms with

the thyreo-arytasnoideus a common muscular mass separable only with difficulty

into its two constituent portions. The m. vocalis lies within the vocal fold, closely

applied to the lateral aspect of the ligamentum vocale, and receives its prismatic

form from this adaptation. Of its three surfaces, the medial lies adjacent to the

ligamentum vocale and the conus elasticus; the u^^'per surface is bounded by the

labium vocale and the entrance to the ventricle of the larynx
;
whilst the lateral

surface is bounded by, and is in contact with, the thyreo-arytsenoideus.

The m. vocahs arises from the inferior part of the angular depression between

the two laminae of the thyreoid cartilage, and also from the corresponding vocal fold,

whence the fibres run dorsally to be inserted into the lateral aspect of the vocal

process and the depression on the ventro-lateral surface of the arytsenoid cartilage.

The greater thickness of the m. vocalis dorsally than ventrally is due to the fact

that whilst all its fibres are attached dorsally to the arytsenoid cartilage, only a

certain proportion obtain attachment ventrally to the thyreoid cartilage. The
remainder are attached at irregular intervals to the lateral margin of the vocal

fold itself.

It follows that the action of the muscle is to draw the vocal process of the

arytsenoid cartilage ventrally, thereby relaxing the vocal fold and ligament.

The innervation is derived from the anterior ramus of the inferior laryngeal

nerve.

The m. ventricularis is composed of several bundles of fibres, visible under

the microscope, which pass, in a vertical direction, from the lateral edge of the

aryteenoid cartilage to the lateral margin of the cartilage of the epiglottis.

There are also intermingled with it fibres from the thyreo-arytsenoideus and
aryepiglotticus.

Action of the Intrinsic Laryngeal Muscles.—By the action of the intrinsic

laryngeal muscles the position and tension of the vocal folds are so influenced that,

during the passage of air through the larynx, the tone and the pitch of the voice is

determined. Tension of the vocal folds is produced by the contraction of the two
crico-tliyreoid muscles. The straight portions of the nuiscles pull the inferior border of

the thyreoid cartilage downwards, whilst the oblique portions, through their insertion into

the inferior cornua, draw the thyreoid cartilage ventrally, thex-eby increasing the" distance

between the angle of the thyreoid cartilage and the vocal processes of the arytsenoid

cartilages. When the crico-thyreoid muscles cease to contract, the relaxation of the cords

is brought about by the elasticity of the ligaments. The thyreo-arytaenoid muscles must
be regarded as antagonistic to the crico-thyreoid muscles. When they contract they

approximate the angle of the thyreoid cartilage to the aryta;noid cartilages, and still further

relax the vocal folds ; and when they cease to act the elasticity of the ligaments of

the larynx again restores the state of equililnium. They also act as constrictors of the

supraglottic region of the larynx. The vocales muscles, by the attachments of their

fibres into the vocal folds, may tighten portions of these folds, but their main action is

relaxation of the vocal folds and ligaments.

The width of the rima glottidis is regulated by the arytaenoideus transversus,

which draws together the two arytajnoid cartilages, and this may be done so effectually

that the medial surfaces of these cartilages come into contact ; the pars intercartilaginea

of the rima glottidis is thus completely closed. The crico-arytaiuoidei, laterales

and posteriores, also modify the width of the rima glottidis. When they act together

they assist the arytajnoideus transversus in closing the glottis, but wlien they act

independently they are antagonistic muscles. Thus the crico-arytaenoidei posteriores

draw the muscular processes of the arytaiuoid cartilages dorsally and medially, and
swing the vocal processes and the vocal folds laterally, and thereby open the rima. The
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lateral crico-arytaenoid muscles act in exactly the opposite manner. Hy drawing the
muscular processes of the aryttonoid cartilages ventrally and medially, they ai)proximate
the vocal processes and close the rinia glottidis. The actions of the other nmscles

• •

. , , have been sutliciuntly descrilicd alrciuly.

B
Closure of the Larynx during Deglutition.—The muscles of the larynx have,

however, another function to perform besides vocalisiition and regulating the amount of

air passing to and fro through the glottis. During deglutition it is recjuisite that the
conununication between the pharyn.x and larynx should be closed, to prevent the fluid

or solid j)arts of the food entering the respiratory passages. In the process of closing

the laryngeal entrance the epiglottis stands erect, whilst the dorsal wall formed by the
aryttcnoids is carried ventrally, the aryticnoid cartilages are closely approximated, glide

ventrally, and are then inclined towards the epiglottis. The result <jf this is that the

laryngeal opening is converted into a T-shaped fissure. The median limb (jf the T is formed
by the interval between the closely applied arytienoid cartilages, whilst the cross limb,

which lies ventrally, is bounded ventrally (anteriorly) by the epiglottis and dorsjilly by the
aryepiglottic folds. The a})ices of the arytienoid cartilages, with the corniculate cartilages

(Santorini), are pressed against the tubercle of the epiglottis, whilst the lateral margins
of the epiglottis are pulled dorsally so as to make the transverse limb of the fissure

distinctly concave in a dorsal direction. The muscles chiefly concerned in producing
these movements are the thyreo-aryta:!noid and the transverse arytienoid muscles. These
form a true sphincter vestibuli. The thyreo-epiglottic and aryepiglottic muscles also

come into play. They pull upon the epiglottis so as to produce tight application of

its tubercle to the arytenoid cartilages and the corniculate cartilages (Santorini), and
they also curve its margins dorsally so as to increase its dorsal concavity.

Vessels and Nerves of the Larynx.—Two branches of the vagus nerve, viz., the' superior

laryngeal and the recurrent (laryngeal) nerves, supply the larynx. The superior laryngeal

divides into the internal and external laryngeal branches. The external laryngeal nerve
supplies the crico-thyreoid muBcle ; whilst the internal laryngeal nerve enters the larynx, by
piercing the lateral part of the hyothyreoid membrane, to supply the laryngeal nmcous mem-
brane. The recurrent nerve reaches the larynx from the thoracic direction, and, by its terminal
inferior laryngeal branch, supplies all the intrinsic larpigeal muscles, with the exception of

the crico-thyreoid.

The superior laryngeal artery, a branch of the superior thyreoid, accompanies the internal

larjTigeal nerve ; whilst the inferior laryngeal artery, which springs from the inferior thyreoid,

accompanies the inferior laryngeal nerve. These two vessels ramify in the laryngeal wall and
supply the mucous membrane, the glands, and muscles.

Growth-Alteration and Sexual Differences in the Larynx.—A considerable

amount of variation may be noticed in the size of the larynx in difterent individuals.

This is quite independent of stature, and explains to a great extent the diflerence in the

pitch of the voice in different persons. But quite apart from these individual variations,

there is a marked sexual difference in the size of the larynx. The male larynx is not

only absolutely, but also relatively, larger than the female larynx in all its diameters, but

more particularly in the ventro-dorsal diameter ; and to a large extent the increase in that

direction is produced by the strong development of the prominentia laryngea in the male.

The greater venti-o-dorsal diameter of the male larynx necessarily implies a greater length

of the vocal folds and a lower or deeper tone of the voice in the male than in the female.

In a newly born child the larynx, in comparison with the rest of the body, is

somewhat large (C. L. Merker), and it continues to grow slowly and uniformly up

to the sixth year of childhood. At that jjcriod there is a cessation of growth until

puberty is reached, and then a stage of active growth supervenes. Up to that time the

larynx in both sexes is similar in its dimensions, and although the growth which now

occurs affects both the male and the female larynx, it is much more rapid and much more

accentuated in the male than in the female. As a result the voice of the male " breaks
"

and assumes its deep tone.

It is interesting to note that the growth activity of the larynx, at puberty, is intimately

connected with the development of the sexual organs. In a male subject who has been

castrated, when young, the larynx attains a size which exceeds that of the female only to

a small degree, and the high pitch of the voice is retained.

Appearance of the Interior of the Larynx when examined by the Laryngoscope.

:w:b.-Ti the cavity uf the larynx is illuminated and examined by larynguscopic mirrors, the

parts \\ hich surround the superior aperture of the larynx, as woU as the interior of the organ,

come into view. Not only this, but when the vocal folds are widely separated it is possible

tu inevt'ct the interior of the trachea as far as its bifurcation.

69 a
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In such an examination the arched upper border of the epiglottis is a conspicuous object,

whilst, dorsal to that, the bulging on the ventral wall of the vestibule, formed by the tubercle

of the epiglottis, may also be a feature of the picture. The median glosso-ej>iglottic fold

with the glosso-epiglottic vallecula on either side of it, can also be inspected in the interval

between the ej>iglottis and the base of the tongue. The sharp aryepiglottic folds are

clearly visible, and in the dorsal portion of each can be seen the two prominent tubercles

which are formed by the enclosed cuneiform and corniculate cartilages. Dorsal to those

tubercles is the dorsal wall of the pharynx, whilst to their lateral side the deep piriform

Median glosso-epiglottic fold

Tuberculum epiglotticum i Dorsum of tongue

Plica vocalis
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These differences in the calibre of the tube are determined by the surroundings of
the trachea. The cervical part is narrowed owing to its being clasjied by the thyreoid
gland. Further, a short distance above its bifurcation, an impression, sometimes
strongly marked, is usually seen on the left side of the trachea. It is due to the
close contact of the aortic arch as it passes dorsally against that part of the tube.
It is evident therefore that the second slight diminution in calibre which is described
by Braune and Stahel is pro-

duced by the pro.ximity of the

aorta. Lejars gives the average

ventro-dorsal diameter of the

trachea in the living person as

11 mm., and the transverse

diameter as 12'5 mm. In the

dead subject the lumen of the

tube is considerably greater.

Tliyri-fiid cartilage

Crico-tliyrpoid mcmbnine

Cricoid cartilage

Part of tracliea oovpr<><J by
isllimnx of tliyr<*oid gland

Common carotid artery

Subclavian artery

The trachea adheres
rigorously to the median
plane except towards its

termination, where it de-

\dates very slightly to the

right. As it passes down-
wards it recedes rapidly from

the surface. This is due to

its following the curvature

of the vertebral column, from
which it is separated by the

oesophagus alone.

Relations of the
Trachea.—In the study of

the relations of the trachea

it is convenient to consider

it in the two stages of cer-

vical and thoracic.

When the chin is held

so that the face looks directly

forwards the cervical part of

the trachea measures from

2 to 2 1 inches in length ; but

when the head is thrown
dorsally or backwards the

length is considerably in-

creased. It is clasped by the

thyreoid gland, the isthmus

of which is applied to its

ventral surface, and covers

the second, third, and fourth

rings ; while on each side

the corresponding lobe of the

thyreoid gland is applied

to the side of the trachea

and extends downwards to

the fifth or sixth ring. On
either side of the cervical part of the trachea is the common carotid artery, whilst

the recurrent nerve passes upwards in the groove between the trachea and the

oesophagus. Dorsally the trachea is in relation to the cesophagus, which intervenes

between it and the bodies of the vertebrae and deviates somewhat to the left as it

sses downwards.

,^ In addition to the isthmus of the thyreoid gland two thm muscular strata,

Ogpiposed of the sterno-hyoid and the sterno-thyreoid muscles, as well as the deep

Left brouclius
Pulmonary artery

/
Iy|>arterial

jroiichi

Eparterial broiiclms

Hyparterial bronchus

Pulmonary artery

FiQ. 858.—The Trachea and Bronchi.

The tlT}Teoid gl.and is indicated by a dotted line and a purple tint.
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w/y jCoiiiinoii carotid artery

^(X^ _Infenor thyreoid artery

Left common (^^
carotid arterj "^Kv

Vasiis nerve

Left subclavian arterv ^v o^i

Thoracic duct A

Innominate artery
''

L- Vagus nerve

Pleura

Vagus nerve

L. subclavian artery's^
Left recurrent nerve —

cervical fascia and integument, separate the cervical part of the trachea from the

surface. In the median plane of the neck there is a narrow diamond-shaped space

between the medial margins of these muscles, within which the trachea is covered

merely by the integuments and fasciae. It is important to note that in the inferior

., , , part of the neck the cervical^-"-^-^ Tlij reoid gland p • • • ^ i-isr ®--y
Trachea laSCia IS m tWO layCrS VIZ.,

^
a strong stratum applied to

the ventral surface of the

sterno-hyoid and sterno-thy-

reoid muscles, and a weaker
superficial layer stretching

across between the , two
sterno-cleido-mastoid mus-
cles. Dorsal to these muscular
and fascial layers the inferior

thyreoid veins pass down-
wards on the ventral surface

of the trachea, and sometimes
the occasional thyreoidea

ima artery passes upwards
on the ventral aspect of the

tube. At the superior border

of the manubrium sterni the

innominate artery may be

seen crossing the trachea

obliquely.

The thoracic part of the

trachea is situated in the

dorsal part of the superior

mediastinum, being separated

from the bodies of the ver-

tebreebythe oesophagus alone.

Immediately above its bi-

furcation the deep cardiac

plexus of nerves is placed

on the ventral and lateral

aspects of the trachea. At the

level of the fourth thoracic

vertebra the aortic arch is

very intimately related to it,

lying first on the ventral

side of the tube, and there-

after on its left side. The
three great vessels which
spring from the aortic arch

are also placed in close

proximity to the trachea.

The innominate and the left

common carotid arteries he
at first ventral to the trachea,

and then gradually diverging
-Transverse Sections through the trachea and its imme- as they proceed upwards,

diatc surroundings at the leygl of each of the upper five thoracic qqvqq fg lie on either side of

it— the innominate to the

right, and the left common carotid to the left. Ventral to these vessels are the

left innominate vein and the remains of the thymus. On the right side the

thoracic part of the trachea is in relation to the right vagus nerve, and is cloth

by the right mediastinal pleura ; on the left side are the left subclavian artery a;

the left recurrent nerve.

Thoracic duct

Eparterial bronchus
Vagus nerve

Bronchial artery

Vena azygos
Oesophagus

Fig. 859.
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Structure of the Wall of the Trachea.—The walls of the trachea and bronchi
are composed of (1) a tibro-ehistic niciubrane in which the cartilaginous bars are
embedded

; (2) within this, and on the dorsal aspect of the tube, a layer of muscular
tissue, termed the musculus trachealis ; and (3) the lining mucous membrane.

The fibre-elastic membrane is strong and dense. It passes round the whole circum-
ference of the tube, and becomes continuous, above, with the perichondrium which invests

the cricoid cartilage. Embedded in its substance are the series of cartilaginous bars.

These vary in number from 15 to 20, and are composed of hyaline cartilage. Tliey

are horseshoe -shaped, the dorsal fourth of the circumference being deficient, so that
dorsally each bar ends in two rounded extremities. The outer surface of each tracheal bar
is flat and even, and does not project much beyond the level of the membrane in which

ine<lulla

Trachea

(KMOphagua

4th thoracic vert<bra

I niiominat« artery

I-oft common carotid

innoinioate vein

Manubrium ttemi

.Synchondrosis
8t<Tnali!<

Right iiulinonary
artery

Pericardial cavity

ft atrium

rtic valve

Fio. 860.—Sagittal Sfictiox thuoluh the Thohax ok an Old Man. The superior bonier of the

luanubrium sterni and the bifurcation of the trachea are lower than in the average adult.

it is embedded ; the inner surface, however, is convex in the vertical direction, and

consequently it bulges slightly into the lumen of the tube. The intervals between the

bars are somewhat narrower than the bars themselves, and neighbouring bars frequently

show a more or less complete fusion, whilst others present other irregularities, such as a

tendency to bifurcate. The lowermost bar is specially adapted to the tracheal bifurca-

tion. In the median plane, ventrally, it inclines downwards, and from this median peak a

cartilaginous strip is carried backwards in the fork between the two bronchi.

The m. trachealis is a continuous layer of involuntary muscular tissue, placed in

the dorsal part of the wall of the trachea internal to the fibro-elastic membrane. The

muscular bundles are arranged transversely, and are attached to the extremities of the

bars, and also to the inner surfaces of the bars for a short distance beyond their

extremities. In the intervals between the bars the transverse muscular bundles are

attached to the fibro-elastic membrane. It is evident that, by its contraction, this

muscle will reduce, in a marked degree, the lumen of the tube.
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The mucous membrane is laid smoothly over the interior of the tube upon a layer of

submucous areolar tissue. Lymph tissue enters largely into the composition of the

tracheal mucous membrane, and its inner surface is lined with columnar ciliated epithelial

cells. The action of the cilia exercises an important influence in producing an upward
movement of the mucus which is present on the surface of the mucous membrane.

Numerous longitudinal bundles of elastic tissue are present in the dorsal wall of

the trachea, more particularly in its inferior part, between the mucous membrane and the

trachealis muscle.

In connexion with the mucous membrane there is a plentiful supply of acinous mucous
glands. These are placed m the submucous tissue, and also, on the dorsal aspect of the

tube, on the exterior of the trachealis as well as amidst its muscular bundles. They
send their ducts to the surface of the mucous membrane, whei'e they open by trumpet-
shaped mouths.

BRONCHI.

The two chief bronchi proceed obliquely downwards and laterally from the ter-

mination of the trachea, each towards the hilum of the corresponding lung. Like the

Trachea

Fig. 861.

—

Drawing of a Stereoscopic Skiagraph of the Trachea and Bronchi injected

WITH Starch and Red Lead.

trachea, they are kept permanently patent by the presence of cartilaginous bars in

their walls. These bars are deficient dorsally, so that each bronchus exhibits a

flattened dorsal surface, in every respect similar to the trachea. The two

bronchi differ from each other, not only in the relations which they present to

surrounding structures, but also in length, in width, and in the direction which

they pursue (Fig. 858, p. 1079).

The first collateral branch of the right bronchus (ramus bronchialis eparterialis)

arises much nearer the trachea than the first branch of the left bronchus. This

difference determines the length of the primary divisions of the trachea, and,

althnncrh there is much variation in the matter, it mav be said that, as a rule, the
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lefb bronchus is at least twice as long as the right bronchus. According to llenlu

there are from six to eight l)ars in the riglit, and Ironi nine lo twelve liars in the

left, bronchus. A marked dilfcrence is also noticealde in the cahbre of the two
tubes. The right bronchus is wider than the left in the proportion of 100 to 784
(Braune and Stahel), and this asymmetry is clearly due to tlie fact that the right

lung is more bulky than the left. The right bronchus, as it pa-sses towards the

hilum of the right lung, takes a more vertical course than the left bronchus. It

therefore lies more in the line of the trachea, and to this, as well as to its greater

widtli, is due the greater tendency which foreign bodies exhibit, when introduced

into the trachea, to drop into the right bronchus, in preference to tlie left. Tlie

average angle which the right bronchus forms with the median plane is 24*8°,

whilst the angle formed by the left bronchus with the median plane is 45*6°.

The more horizontal course of the left bronchus is probably determined by the

marked projection of the heart to the left side of the median plane (Merkel).

Relations of the Bronchi.— Arching above the right bronchus, from Ijehind

forwards, is the vena azygos, whilst arching above the left bronchus, from before

backwards, there is the arch of the aorta. Occupying the interval between

the bronchi there is a cluster of bronchial lymph glands, and an irregular

chain of similar glands is carried along each tube towards the hilum of the lung.

On the dorsal aspect of each bronchus the vagus nerve breaks up into the plexus

pulmonalis posterior, whilst the left bronchus, as it proceeds downwards and

laterally, crosses the ventral surfaces of the oesophagus and descending thoracic

aorta. The most interesting relation is, however, that presented on each side by

the corresponding pulmonary artery. On the left side the pulmDnary artery

crosses ventral or anterior to the left bronchus on the superior side of its first

collateral branch, and then turns round its lateral side to gain its dorsal

aspect. All the left bronchial branches, therefore, are placed inferior to the

left pulmonary artery, and are in consequence termed hyparterial. The right

pulmonary artery, on the other hand, crosses ventral to the continuation of the

right bronchus, inferior to its first collateral branch. This branch is therefore

termed the eparterial bronchus, whilst all the others are classified as hyparterial.

Structure of the Walls of the Bronchi.—The walls of the bronchi present a

structure similar to that seen in the trachea.

CAVUM THORACIS.

The cavity of the thorax is divided into two large lateral chambers, which

contain the lungs, by a median partition termed the mediastinal septum, which

extends from the vertebral column to the ventral thoracic wall. From the tact

that each of these chambers is lined by an extensive and separate serous membrane

called the pleura, they receive the name of the pleural cavities.

Septum Mediastinals—The mediastinal septum is built up of several structures

which lie in, or in close proximity to, the median plane. The more important of

these are the heart, enveloped in its pericardium, the thoracic aorta, with the great

vessels which spring from its arch, the pulmonary artery, and the great veins in

the neighbourhood of the heart, the thymus or its remains, the trachea, cesophagus,

and thoracic duct, and the vagi and phrenic nerves.

Cavum Pleurae.-The pleural cavities, in which the two lungs lie, comprLse

much the larger part of the thoracic cavity. Each pleural cavity is bounded ui-

feriorly by the corresponding cupola of the diaphragm ; and as the right cupola

rises to a higher level than the left, the right pleural cavity presents a smaller

vertical depth than the left. Ventrcdly, the wall of each pleural chamber is

formed by the costal cartilages and the sternum ; laterally, by the bodies oi the

ribs and the intercostal muscles as far as the costal angles; dorsally, by the

portions of the ribs, with the intervening intercostal muscles, which he medial to

the costal angles ; and medially, by the bodies of the vertebrae and the medias-

tinal septum, which completely shuts ofif the one chamber from the other.

The mediastinal septum is not uniformly median in position. Owing to the
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marked projection of the heart to the left side, and to the position of the thoracic

aorta on the left side of the median plane, the left pleural chamber, although it

is deepei than the right, is greatly reduced in width. The two pleural cavities,

therefore, are very far from being symmetrical in form, and consequently the

mediastinal septum tends to extend .;o the left of the median plane of the body.

Each pleural cavity is completely lined by a separate serous membrane termed
the pleura. The portion of this membrane which clothes the mediastinum or

intervening partition forms the lateral boundary of an area termed the mediastinal

or interpleural space, within which the parts which build up the mediastinal

septum are placed.

Costal part of parietal pleura

Pleural cavity
Visceral pleura

Costal part of parietal pleura

Pleural cavity

Visceral pleura

PLEUE^.

The pleura of each side not only lines the corresponding pleural cavity, but at

the pulmonary root, it is prolonged on to the lung so as to give it a complete

investment. It is customary, therefore, to recognise a pulmonary or investing part

(pleura pulmonalis) and a parietal or lining part (pleura parietalis). The inner

surface of the pleura (i.e. that surface which is turned towards the interior of the

cavity) is coated with squamous endothelium, and presents a smooth, glistening, and
polished appearance ; further, it is moistened by a small amount of serous fluid.

In consequence of this the surface

of the lung covered by pulmonary
pleura can glide on the wall of the

cavity, lined as it is by parietal

pleura, with the least possible

degree of friction. In the patho-

logical condition known as pleurisy

the inner surface of the pleura

becomes roughened by inflam-

matory exudation, and the so-called
" friction sounds " are heard when
the ear is applied to the chest.

Pleura Pulmonalis.—The pul-

monary pleura is very thin, and is

so firmly bound down to the surface

of the lung that it cannot be de-

tached without laceration of the

pulmonary substance, and then
only in small pieces. It dips into

the fissures of the lungs, lines them
down to the very bottom, and thus completely separates the different lobes of the
lungs from each other. The pulmonary pleura becomes continuous with the
mediastinal pleura at the root of the lung, and also through the ligamentum
pulmonale.

Pleura Parietalis.—Different names are applied to the parietal pleura as it

lines the different parts' of the wall of the cavity in which the lung lies. Thus
there are the costal pleura, the diajyhragmatic pleura, the mediastinal pleura,

and the cupula pleurce
; but it must be borne in mind that these terms are

merely used for convenience in description, and that the portions of the pleura so

designated are all directly continuous with one another.

The cupula pleurae or the cervical pleura rises into the root of the neck, through
the superior aperture of the thorax, and forms a dome-shaped roof for the pleural

cavity. Its highest point or summit reaches the level of the inferior border of the

neck of the first rib ; but owing to the great obliquity of the first costal arch, this

point is placed from one to two inches above to the ventral or anterior extremity
of the first rib, and from a half to one and a half inches above the clavicle. The
cupula pleurje is supported on the lateral side by the scalenus anterior and
scalenus medius muscles, whilst the subclavian artery, arching laterally, lies

in a £{roove on its medial and ventral asDects a short distance below its summit.

Fig. 862.

—

Diagram showing Arrangement of Pleural
Sacs as seen in Transverse Section.
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At a lower level the innominate and subclavian veins also lie upon its njedial and
ventral aspects.

The cupula pleune is strengthened and held in place by an uponcurotic expansion, first
described by Sibson, which is spread over it, and is atUiched to the internal concave margin
of the first rib. This fascia is derived from a small muscular slip which takes origin from
the transverse

Right vagus nerve Trachea U':sopLai{UK Left »iibclavi«ii atprocess of the

seventh cervical

vertebra. bclaviuA

Pleura Cos-
talis.—The cos-

tal pleura is the

strongest xind

thickest part ot"

the parietal
pleura. It lines

the internal sur-

faces of the cos-

tal arches and of

the intervening

intercostal mus-
cles. Ventrally

it reaches the

sternum, whilst

dorsally it passes

from the ribs

over the sides ci

the bodies of tin

vertebrte. It i-

easily detached
from the partts

which it covers,

except as it

passes from tlif

heads of the rilis

on to the ver-

tebral column.
There it is some-
what tightly
bound down.

Pleura Dia-
phragmatica.—
The diaphragm-

atic pleura covers

that portion of

the thoracic sur-

face of the dia-

phragm which
lies to the lateral

side of the base

of the pericardium, l»ut it does not dip down to the bottom of the narrow interval

between the thoracic wall and the diaphragm. In other words, a strip of the

thoracic surface of the diaphragm adjoining its costal attachment is left uncovered.

Pleura Mediastinalis.—The mediastinal pleura extends from the dorsal surface

ol the ventral thoracic wall to the vertebral column, and clothes the side of the

mediastinal septum, which intervenes between the two pleural cavities. It is con-

tinuous with the costal pleura of its own side, both ventrally and dorsally,

along two lines which are respectively termed the sternal and vertebral lines of

Fig. 863.—Dissection ok a Subjkct haudenei) by Foumali.n Injection, to show the

relations of the two pleural sacs, a-s viewed from the front. The anterior and

diaphragmatic lines of pleural reHectiou are e.xhibited by black ilotted lines, whilst

the outlines of the lungs and their fissures are indirated by the blue lines.
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pleural reflection; whilst inferiorly it becomes continuous with the diaphrag-

matic pleura, of its own side, at the base of the pericardium.

Above the root of the lung the mediastinal pleura passes directly from the

sternum to the vertebral column. In that region the left mediastinal pleura

is applied to the arch of the aorta and the phrenic and vagus nerves ; to the left

innominate vein, the left superior intercostal vein and the left common carotid and
left subclavian arteries; to the

oesophagus and the thoracic duct.

The right mediastinal pleura, on

the other hand, is applied, above
the root of the lung, to the superior

part of the vena cava superior and
the right innominate vein ; to the

innominate artery ; to the vena

azygos, as it hooks forwards above

the bronchus; to the vagus and
phrenic nerves; and to the right

side of the trachea.

Opposite the root of the lung,

as well as in the region below

it, the mediastinal pleura clothes

the corresponding aspect of the

pericardium (pleura pericardiaca),

and is somewhat firmly attached

to it. As the phrenic nerve passes

downwards upon the pericardium

it likewise is covered over by the

pleura. In the region correspond-

ing to the superior part of the

lateral aspect of the pericardium

the mediastinal pleura is prolonged

laterally, so as to form an invest-

ment for the root of the lung, and

becomes continuous around the

hilum of the lung with the pul-

monary pleura. Below the root

of the lung the two layers of pleura

which invest it come into apposi-

tion with each other, and are pro-

longed downwards as a distinct

fold, termed the ligamentum pul-

monale. This fold stretches be-

tween the pericardium and the

inferior part of the mediastinal

surface of the lung, and ends in-

feriorly in a free border.

Dorsal to the root of the lung

and the ligamentum pulmonale

the mediastinal pleura on the

right side passes over the oesophagus

to the vertebral column, whilst on

the Ifyft side it passes dorsally over the thoracic aorta, and to a small extent over

the lower end of the oesophagus, in the region immediately adjoining the dia-

phragm and ventral to the thoracic aorta.

Lines of Pleural Reflection.—These are three in number—viz., the sternal, the

vertebral, and the diaphragmatic. The pleural cavities are not symmetrical. The left is

longer and narrower than the right, and it thus happens that the lines of pleural reflec-

tion do not accurately correspond on the two sides of the body. Further, although the

Fig. 864.

—

Lateral View of the Right Pleural Sac in

A Subject hardened by Formalin Injection. The
blue lines indicate the outline of the right lung, and also

the position of its fissures.
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thfl

Left innoiniiwtn vein

vertebral line of reflection is fairly constant, the other tsvo rcllcctiunlines are subject to
marked variations in different snbjects. Consequently the followin^^ description niUHt be
regarded as merely giving' tiie avera^^^e condition.

The vertebral line of pleural reflection is that along which the costal pleura is

continued ventrally from the vertebral column to become the mediastinal pleura. On
the right side, above the root of the bnig, the pleura passes from the luxlics <.f

vertebra) on to the right

side of the trachea ; whilst

lower down, and dorsal to

the pericardium, it passes (KsopJiagu

from the vertebral bodies Loft subclavian artery

on to the oesophagus. On
j^^f^ ,,^^,„„„ ^.,.^,.„ti,, „,^«ry

the left side, and above Left suporior iiit<!rco.stal vein

the arch of the aorta, the

pleui'a along this line of

reflection is carried from

the vertebral column on

to the oesophagus and
thoracic duct ; below that

level it passes on to the

thoi-acic aorta. In the

superior part of the chest

the right and left lines

of reflection are placed

well apart from each other,

and about equidistant

from the median plane.

As they are traced down-
wards they approach more
closely to each other and
deviate to the left, so that

whilst the reflection on the

right side takes place from
the ventral aspect of the

vertebral bodies, on the

left side it takes place from
the left aspect of the ver-

tebral column. This is

due to the position of the

thoracic aorta.

The sternal line of

pleural reflection is that

along which the costal

pleura leaves the ventral

thoracic wall to become
the mediastinal pleura.

The lines differ somewhat
on the two sides, and in

both cases show a tend-

ency to deviate to the left

(Fig. 863, p. 1085). In the

vicinity of the manubrium
sterni the two pleural sacs

are separated from each

other by an angidar interval. The lines of reflection at the superior thoracic aperture or

inlet correspond to the sterno-clavicular joints. From those points the lines, as they

are traced downwards, converge behind the manubrium, until at last they meet at its

inferior border. There the two sacs come into contact with each other, and the lines of

reflection coincide. Thence they proceed downwards, on the back of the l)ody of

the sternum, with a slight deviation to the left of the median plane, until a point

immediately above the level of the sternal attachments of the fourth costal cartilages

is reached, and there the two sacs part company. The line of reflection of the 7ight

pleura is continued downwards in a straight line to the xiphoid process, where the

Uiapliragm

Fio. 865.—Leht Pleural Sai in a Si iuect hauuened by Fi>kmall\

Injection, opened into by the removal of the costal part of the p.irieUl

pleura. The lung has also been reniove.l so as to display the media-

stinal pleura.
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sternal reflection-line passes into the right diaphragmatic reflection -line Opposite the

sternal attachment of the fourth costal cartilage the reflection-lme of the lep pleura

deviates laterally, and is continued downwards at a variable distance from the right

pleura A small triangular area of pericardium is thus left uncovered by pleura and

therefore in direct contact with the ventral chest-wall Leaving the sternum the re-

flection-line of the left pleura passes downwards, parallel and close to the left margin

of the sternum, dorsal to the fourth intercostal space, the fifth costal cartilage and the

fifth intercostal

space, to the sixth

costal cartilage.

There it turns later-

ally and downwards,

and passes into the

diaphragmatic re-

flection-line of the

left side.

From the back

of the sternum the

right pleura is re-

flected, in the supe-

rior part of the

chest, on to the re-

mains of the thymus,

the right innominate

vein and the vena

cava superior, and,

at a lower level,

directly on to the

ventral aspect of the

pericardium. The

left 2oleura\s, reflected

from the back of the

manubrium sterni on

to the left innomin-

ate vein and the

aortic arch, and, at a

lower level, directly

on to the ventral side

of the pericardium.

The diaphragm-

aticline of reflection

is that along which

the pleui-a leaves the

thoracic wall and is

reflected on to the

thoracic surface of

the diaphragm. This

reflection takes place

along a curved line,

which, except as it

approaches the ver-

tebral column, is

placed a short dis-

tance above the in-

ferior border of the thoracic wall. It differs somewhat on the Uso
^^^^ifj^f^^^^^;^ ,1,,

On the left side the diaphragmatic line of reflection yn-oceeds downwards alon Jhe

ascending par't of the sixth costal cartilage, crosses the ventral end o^^^^
^^^^^ ^stiU eon-

space and the descending part of the cartilage of the seventh rib (^: >^ .7^^) , .^^^^^^^

tinning to pass downwards, it crosses the eighth costal arch at
tYj^^onboUi sides o

cartilaginous and bony portions. This is a fairly constant relation on both sides o

the body, and it should be noted that a vertical hne-the
^^^"^^^^Xo^ dose to

downwards from the nipple of the breast, intersects the line of P^^^^^lf^^'^Z^;' f'':^°

.u .^. ,..i.„„. :. ..^Jl,. ,w,. .„i..f;nn to tl,o Picrhth costal arch. Beyond that point

Fig. 866.— DissKCTKiN ok the Plei-kal Sacs from behind.

The Llue Hues indicate the outlines and the fissures of the lungs.
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the line of diapliragmatic reflection is carried downwards and laterally across the
extremities of the bony portions of the ninth and tenth ribs. As it crosses the
tenth rib, or, it may be, us it proceeds across the tentli intercostal space, the line of
plenral reflection reaches its lowest point, and it is important to observe that this
point lies in the mid-lateral line {i.e. in a vertical line drawn on the side of the
chest, miilway between vertebral colunni and sternum). Thence, as it curves dorsally
towards the vertebral column, it passes sli^^htly upwards. Thus it cuts across the eleventh
rib and reaches the twelfth rib. The relation which it presents to the twelfth rib varies
in accordance with the length of that rib. When the last rib is not abnormally short the
pleura clothes its medial half, and the line of reflection falls below that portion of the rib,

so as to roach the vertebral column, midway between the capitulum of the last rib and the
transverse process of the first lumbar vertebra (Fig. 866). There, therefore, tlie line of

diaphragmatic reflection falls below the inferior border of the thoracic wall ; and this is

a point of practical importance, because in operations upon the kidney the incision caimot
be carried above the level of the transverse process of the first lumbar vertebra and the
lateral lumbo-costal arch without the risk of wounding the pleura. On the rii/ht ttide

the line of diaphragmatic pleural reflection diflers from that on the left chiefly ventrally

(Fig. 864, p. 1086). There it passes at a lower level, and proceeds laterally and downwards
from the dorsum of the xiphoid process along the doi*sal aspect of the seventh costal

cartilage, and then behind the eighth costal arch, as a rule at the same point as on the
left side, viz., the junction of its cartilaginous and bony parts. From that point to the
vertebral column the relations are so similar to those of the left side that a separate

description is unnecessary.

It is commonl}'^ stated that the left pleural sac reaches a lower level than the

right. In certain cases there is no doubt that it does, but this condition is by no means
the rule. In those cases where the two pleural sacs do not reach the same level at their

lowest points, it is sometimes the right and sometimes the left pleura which oversteps

the mark.

As already stated, the lowest point which the pleura attains is usually found, on

both sides, in the mid-lateral line where the diaphragmatic reflection-line crosses the tenth

rib or the tenth intercostal space. That point can be very readily ascertained on the

surface by drawing a horizontal line round the trunk at the level of the lowest part of the

extremity of the spinous process of the first lumbar vertebra, and noting where it is

intersected by the mid-lateral line. In the majority of cases the point of intersection will

correspond with the lowest part of the pleural sac. Another horizontal line opposite the

spine of the twelfth thoracic vertebra will give the level of the diaphragmatic pleural

reflection in the mamillary line.^

Along the line of the diaphragmatic reflection a strong fascia passes from the

uncovei'cd part of the diaphragm, and from the costal cartilages to the surface of the

costal pleura, so as to hold it firmly in its place. It may be termed the phrenico-

pleural fascia.

MEDIASTINUM.

The term mediastinum is applied to the interval between the mediastinal

portions of the two pleural sacs. Ventrally it is bounded by the sternum, and

dorsally by the vertebral column. It is customary to subdivide this s}-»ace in a

purely arbitrary manner into four portions, termed respectively the sujK'rittr or

cranial, the ventral or anterior, the middle, and the dorsal or posterior part,

according to the relations which they present to the pericardium.

The superior mediastinum is that part of the general area which lies above

the level of the pericardium. Its boundaries are as foUows:

—

Ventrally, the

manubrium sterni, with the attached sterno-hyoid and sterno-thyreoid muscles

;

dorsally, the bodies of the first four thoracic vertebme ; heUnc, an imaginary and

oblique plane, which extends from the inferior border of the manubrium sterni to

the inferior border of the fourth thoracic vertebra ; laterally, the mediastinal pleura.

Within the superior mediastinum are placed (1) the aortic arch and the three

1 The above description represents the average results which have been obtained from the study of

the pleura in a large number of subjects, eight of which were specially hardened by formalin or other

re-agents for the purpose. For many of the dissections I have to thank my former assistant. Dr. H.
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great arteries which spring froni it
; (2) the innominate veins and part of the vena

cava superior
; (3) the trachea, oesophagus, and thoracic duct

; (4) the phrenic,

vagi, and cardiac nerves, and the left recurrent nerve
; (5) the thymus.

The middle mediastinum is the wide part of the area which contains the

pericardium, and lies below the superior mediastinum. In addition to the

pericardium and its contents the middle mediastinum contains the phrenic nerves

and their accompanying vessels.

The ventral mediastinum is that part of the interpleural region which Hes between
the pericardium dorsally and the body of the sternum ventrally. In its superior

--Spinal medulla

— TracViea

,.--ffisophagus

4th thoracic vertebra

^,-'Innominate artery

-•Left common carotid

-Left innominate vein

Manubrium sterni

Synchondrosis
sternalis

Right pulmonary
artery

Pericardial cavity

Left atrium

Aortic valve

Body of sternum

Right atrio-

ventricular valve

Wall of right
ventricle

OEsophagus

-J
Diaphragm

~r- Descending aorta

Xiphoid process

FiQ. 867.

—

Sagittal Section through the Thorax of an Old Man. The superior border of the

manubrium sterni and the bifurcation of the trachea are lower than in the average adult

part this region can hardly be said to exist, seeing that there the two pleural

sacs come into contact with each other on the ventral aspect of the pericardium.;

but below the level of the sternal ends of the fourth costal cartilages the left

pleura falls short of the right pleura, and an interval is apparent. The only contents

to be noticed in the ventral mediastinum are a few lymph glands and some areolar

tissue, in which ramify some lymph vessels, and some minute twigs from the

internal mammary artery.

The dorsal mediastinum is that part of the interpleural region which is

situated dorsal to the pericardium. It may be regarded as an inferior continua-
tion of the more dorsal part of the superior mediastinum, and many of the
structures in the one are prolonged into the other. The arbitrary superior limit

of the dorsal mediastinum is the inferior border of the fourth thoracic vertebra.

Ventrally it is bounded by the pericardium and the vertical part of the
diaphragm. Dorsally it is limited bv the bodies of the last eight thoracic vertebrae
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thoracic aorta, the aortic intercostal arteries, the azygos, hemiazygos and accesHory
hemiazygos veins, the thoracic duct and the oesophagus, with the two vagi.

Structure of the Pleura.— 'I'lie pleum on each side is a clofscd siic, uiid, like other
serous mombranos, is attached to the wall of the cavity which it lines and to the
surface of the viscus which it covers. It is coniposod of a thin connective-tissue stratum,
in which bundles of fibres cross each other in various directions, and intennixed with
which there is a considerable quantity of elastic tissue. On the intt-rnal surface of this

there is a continuous coating of thin endothelial cells placed edge to edge. The pleura
so formed is attached to the i)arts which it lines and invests by a small amount of areolar
tissue termed the subserous layer. In the case of the pulmonary pleura the subserous
tissue is continuous with the areolar tissue in the substance of the lung, and this

accounts for the tight manner in which the membrane is boimd down.
The pleura is plentifully supplied with blood. This is conveyed to it by minute twigs

from the intercostal arteries, the internal mammary artery, and the bronchial arteries.

Lymph vessels are also particularly abundant in the pleura and in the subserous
layer, and it is by these that excess of fluid is conveyed from its cavity. Many lymph
vessels communicate directly with the cavity by means of excessively minute orifices

termed stomata. Dybkowsky has shown that the lymph vessels and stomata of the
pleura are not equally distributed throughout the membrane. Over the ribs and on the

mediastinal pleura they are absent.

PULMONES.

The Lungs.—When healthy and sound each lung lies free within the corre-

sponding pleural cavity, and is attached only by its root and the ligamentum
pulmonale. It is uncommon, however, in the dissecting room, to meet with a

perfectly healthy lung. Adhesions between the pulmonary and parietal layers

of pleura, due to pleurisy, are generally present.

Like the cavities in whicli they are placed, the two lungs are not precisely

alike. The right lung is slightly larger than the left, in the proportion of about

11 to 10. The right lung is also shorter and wider than the left lung. This

difference is due partly to the great bulk of the right lobe of the liver, which forces

the right cupola of the diaphragm to a higher level than the left cupola, and
partly to the heart and pericardium projecting more to the left than to the right,

thus diminishing the width of the left lung.

The lung is light, soft, and spongy in texture ; when pressed between the

finger and thumb it crepitates, and when placed in water it floats. The elasticity

of the pulmonary tissue is very remarkable. A striking demonstration of this is

afforded when the thoracic cavity is opened, and the atmospheric pressure acting

upon the interior and exterior of the lung is equalised. Under these conditions

the organ immediately collapses to about one-third of its original bulk, and it

becomes impossible in such a specimen to study its proper form and dimeusions.

The surface of the adult lung presents a mottled appearance. The ground

colour is a light slate -blue, but scattered over this there are numerous dark-

patches of various sizes, and also fine dark intersecting lines. The coloration of

the lung differs considerably at different periods of life. In early childhood the

lung is rosy-pink, and the darker colour and the mottling of the surface, which

appear later, are due to the pulmonary substance, and particularly its interstitial

areolar tissue, becoming impregnated, more or less completely, with atmospheric

dust and minute particles of soot.

At every breath foreign matter of this kind is inhaled, hut only a .small proportion of it

reaches the lung tissue. The greater part of it Ijecomos entangleil m the nuicus which

coats the mucous membrane of the larger ai r - passages, and is gradually got rid oi along

with the mucus through the activitv of the cilia attached to the lining epithelium. «.v the

constant upward sweep of these a current towanls the pharynx is established. The fine dust and

soot particles which reach the fim-r recesses of the lungs, and ultiraati-Iy the interstitial tissue, are

partly conveyed away by the Ivmph vessels to the bronchial glands, which in conse<iuence

become, in manv cases, 'quite black. The colour of the lung, therefore, depends, to some

extent, upon the purity of the atmosphere which is inhaled, and it thus happens that in coal-
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The fcetal lung differs in a marked degree from the lung of an individual who

has breathed. After respiration is fully established, the lung soon comes to occupy

almost the whole space allotted to it in the pleural cavity ; in the fcetus, on the

other hand, the lung is packed away at the dorsal aspect, and occupies a relatively

much smaller amount of space in the thoracic cavity. Further, it is firm to the touch,

and sinks in water. It is only when air and an increased supply of blood are

Recxirrent nei \ h
//j

,1

Inferior thyreoid \ em

Bight \ agus nerve

Bifurcation of luno
minate artery

hterno hyoid muscle

Stemo thyreoid muscle

Sterno mastoid muscle

Thyreoid gland

Internal jugular vein

1\\ Phrenic nerve

Scalenus anterior

'subclavian artery (left)

Left vagus nerve

Subclavian vein (left)

Common carotid artery

Left innominate vein

First rib

HV Aortic arch

Left lobe of
THYMUS

Left lung

Heart

Pulmonary fissure

Pericardium

Fig. 868.-D1SSECTION OF Thokax and Root of the Neck from the front to show the relations

OF THE Lungs, Pericardium, and Thymus.

introduced into the lung that it assumes the soft spongy and buoyant qualities

which are characteristic of the adult lung.
n . ^-u ^^ f f>,o

Form of the Lungs.—The lungs are accurately adapted to the waiis ot tne

pleural chaml^ers in which they are placed, and in the natural state they bear on

the surface impressions and elevations which are an exact counterpart ot tne

irregularities on the walls of the cavity in which they lie.

When care has been taken to harden it in situ, each lung presents tor

examination an apex, diaphragmatic, mediastinal, and costal surfaces, and ventral

(anterior) and inferior borders.
, ^^ ^ ^ c 4.-u^

The apex pulmonis is blunt and rounded, and rises above the level ot the

oblique first co.stal arch to the full height of the cupula pleurae. It theretore



THE LUNGS. 1093

neck. The subclavian artery arches laterally on its medial and ventral aspects a
short distance below its sum-
mit, and a groove, the sulcus subclavian suicu*

Trachea

ixioVMIi HIllctIN

by th.- limt rib

Lower lobe Cai-dia

Fk;. 869.

—

Thk Trache^v, Bronchi, and Lings ok
hardened by formalin injection.

jove for left

ominatp vein

Child,

subdavius, corresponding to by'^.THmni!
the vessel, is apparent upon it.

At a lower level on the apex
pulmonis a shallower and wider
groove upon its medial and
ventral aspects marks the

position of the innominate
vein. Although these vessels

impress the lung they are

separated from it by the cupula
pleurae.

The diapliragmatic surface,

or base of the lung, presents a

semilunar outline, being curved

around the base of the peri-

cardium. It is adapted to the

thoracic surface of the ciia-

phragm, and is consequently

deeply hollowed out. As the

right cupola of the diaphragm
passes further upwards than

the left, the basal concavity of the right lung is deeper than that of the left

lung. Laterally and

Groove for left subclavian artt^ry clorsally, thc dia-

phragmatic surface of

each lung is limited

by a thin salient mar-
gin, called the inferior

horderoT margin, which
extends downwards for

some distance in a

narrow pleural recess,

the si7ius phrenico-

costalis, between the

diaphragm and the

chest -wall. This in-

ferior border of the

lung extends further

downwards on the

lateral sideand dorsally

than it does veutrally,

but it falls consider-

ably short of the bot-

tom of the phrenico-

costal sinus. Thus,

after expiration, it

reaches the inferior

border of the sixth rib

in the mamillary line

;

the eighth rib, in the

axillary or mid-lateral

line ; whilst dorsally

it proceeds medially

along a straight horizontal line so as to reach the vertebral column at the level

of the extremity of the spine of the tenth thoracic vertebra. During respiration

for lirst rib

Groove for arch
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Left pulmonary
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pulmonary vein
Left bronchus
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pulmonary
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Pulmonary
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Fic. 870.— Mediai, SfRF.xcE ok LeHT LrNO HARDENED IS SITV.

fVio ^-h^n infcviiiv hnrilpr llinVPR frpplv in a vertical direction within the phrenico-
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Groove for right subclavian artery

Groove for inferior end of_^,

internal jugular vein

Groove for first rib --

Groove for superior
vena cava>

Groove for
:ascending aorta

Oesophageal area

Tracheal area

Groove for

azygos vein

costal sinus, but even after the deepest breath it never reaches the extreme lower
limit of this recess.

The diaphragmatic surfaces of the lungs estabHsh important relations with certain of

the viscera which occupy the costal zone of the abdominal cavity, the diaphragm alone
intervening. Thus the diaphragmatic surface of the right lung rests upon the right
lobe of the liver; whilst that of the left lung is in relation to the left lobe of the
liver, the fundus of the stomach, the spleen, and in some cases to the left colic flexure.

The costal surface is extensive and convex. It is accurately adapted to that
part of the wall of the pleural cavity which is formed by the costal arches and
the intervening intercostal muscles, and it presents markings corresponding to

these. Thus the imprint of the ribs appear as shallow oblique grooves, while the

intercostal spaces show
as elongated intervening

bulgings.

The mediastinal sur-

face presents a smaller

area than the costal sur-

face. It is applied to

the mediastinal septum,
and presents markings in

accordance with the in-

equalities upon this (Figs.

870 and 871). Thus it is

deeply hollowed out in

adaptation to the peri-

cardium upon which it

fits. This pericardial

concavity comprises the

greater part of the medi-

astinal surface, and owing
to the greater projection

of the heart to the left

side, it is much deeper

and more extensive in

the left lung than in

the right lung. Above
and dorsal to the peri-

cardial hollow is the hilum

of the lung. This is a

wedge-shaped depressed

Fig. 871.—The Medial Surface of a Right Lung hardened in situ, area, within which the

blood-vessels, nerves, and
lymph vessels, together with the bronchus, enter and leave the organ. Amidst
these structures there are also some bronchial glands. The hilum is surrounded by
the reflection of the pleura from the surface of the lung on to the pulmonary
root. Dorsal to the hilum and pericardial area there is on each lung a narrow
strip of the mediastinal surface of the lung which is in relation to the lateral waU
of the dorsal mediastinum. On the right lung this part of the surface is depressed,

and corresponds to the oesophagus ; on the left lung it presents a broad longitudinal

groove, which is produced by the contact of the lung with the thoracic aorta, and
also, close to the base, a small flattened area ventral to this which is applied to

the oesophagus where it pierces the diaphragm.
The portion of the mediastinal surface of the lung which lies above the hilum

and pericardial hollow is applied to the lateral aspect of the superior mediastinum,
and the markings are accordingly somewhat different on the two sides. On the left

lung a broad deep groove, produced by the aortic arch, curves dorsally above the
hilum, and becomes continuous with the aortic groove on the dorsal part of the
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much more sharply marked groove runs upwards, and laterally over the apex
pulmonis a short distance from the summit. This is the sulcus subclavius, and it

contains the left subclavian artery when the lung is in place. Ventral to the

subclavian sulcus a shallow wide groove, also leading to the ventral aspect of the
apex, corresponds to the left innominate vein. In the right lunt/ the hilum is also

circumscribed above by a curved groove, which is narrow and more distinctly

curved than the aortic groove on tiie left side. It lodges the vena azygos as it

turns ventrally to join the vena cava superior. From the ventral end of the

azygos sulcus a wide shallow groove extends upward to the inferior p;irt of the

anterior aspect of the apex pulmonis. This is produced by the apposition of the

lung with the vena cava superior and the right innominate vein. Close to the

summit of the apex there is also, on its medial aspect, a sulcus for the superior

end of the innominate artery.

In addition to the hilum, it must now Vie evident that the mediastinal surface *)i'

each lung presents three areas which correspond respectively with (1) the middle

mediastinum (i.e. the pericardial hollow), (2) the dorsal mediastinum, and (3) the

superior mediastinum ; and that in each of these districts impressions corresponding

to structures contained within these portions of the interpleural space may be

noticed.

The dorsal part of the lung at tlie junction of the costal and mediastinal

surfaces is thick, long, and rounded. It forms the most bulky ])art of the organ,

and occupies the deep hollow in the thoracic cavity which is placed at the side

of the vertebral column.

The ventral border or margo anterior of the lung is short, and exceedingly

thin and sharp. It begins abruptly immediately below the groove on the apex

for the innominate vein, and extends to the base, where it becomes continuous

with the sharp inferior border. The thin ventral part of the lung is carried

ventrally and medially, ventral to the pericardium, into the narrow pleural costo-

mediastinal sinus, dorsal to the sternum and costal cartilages. The ventral border

of the right lung fills up this recess completely, and in the upper part of the

chest is separated from the corresponding border of the left lung only by the two

layers of mediastinal pleura which are reflected from the sternum to the pericardium.

The ventral border of the left lung, in its lower part, shows a marked deficiency

or notch, the inefsura cardiaca, corresponding to the apex of the heart, and where

this exists the lung margin leaves a considerable portion of the pericardium un-

covered, and fails to fill up completely the costo-mediastinal sinus of the pleural

cavity. During respiration the ventral margin of the left lung at the incisura

cardiaca advances and retreats to a small extent in this pleural sinus, ventral to

the pericardium.

Fissures and Lobes of the Lung.—The left lung is divided into two lobes

by a long deep fissure, the incisura interlobaris, which penetrates its substance to

within a short distance of the hilum. On the upper and lower sides of the hilum

this fissure cuts right through the lung and appears on the mediastinal surface.

Viewed from the costal surface, it begins dorsally about two and a half inches

below the apex, about the level of the vertebral end of the third rib, and is

continued downwards and ventrally in a somewhat spiral direction to the

diaphragmatic surface of the lung, which it reaches a short distance from its

ventral end. The lobus superior lies above and ventral to this cleft. It is

conical in form, with an oblique base, and the apex and the whole of the ventral

border of the lung belong to it. The lobus inferior lies below and dorsal to the

fissure. It is the more "bulky of the two, and includes almost the entire dia-

phragmatic surface and the greater part of the thick dorsal part of the lung.

In the right lung there are two incisune interlobares, which subdivide it into

three lobes. One of the incisurae interlobares is very similar in its position and

relations to the fissure in the left lun^'. It is directed, however, rather more

vertically, and ends somewhat farther from the median plane. It separates the

lobus inferior from the lobus medius and lobus superior. The second incisura

interlobaris begins in the main fissure at the dorsal part of the lung, and proceeds
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cartilage. The middle lobe of the right lung is triangular or wedge-shaped in

outline.

Variations.—Variations in 'the pulmonary fissures are fairly common. Thus, it sometimes
happens that the middle lobe of the right lung is imperfectly cut off from the lobus superior.

Supernumerary fissures also are not infrequent, and in this way the left lung may be cut into

three lobes, and the right lung into four or even more lobes. The occurrence of the lobus azygos
in the right lung is a variation of some interest, seeing that such a lobe is constant in certain

mammals. It is a small accessory lobe, pyramidal in form, which makes its appearance on the
lower part of the mediastinal surface of the right lung. In certain cases the vena azygos
is enclosed within a fold of pleura, and is sunk so deeply in the pulmonary substance of the right

lung that it marks off a small accessory lobe.

RADIX PULMONIS.

The term root of the lung' is applied to a number of structures which enter

and leave the lung at the hilum on its mediastinal surface. They are held

together by an investment of pleura, and constitute a pedicle which attaches

the lung to the mediastinal wall of the pleural cavity. The phrenic nerve passes

downwards a short distance ventral to the pulmonary root, whilst the vagus nerve
breaks up into the dorsal or posterior pulmonary plexus on its dorsal aspect under
cover of the investing pleura. The delicate ventral or anterior pulmonary plexus

is placed ventral to the root of the lung under cover of the pleura, whilst from the

inferior border of the root of the lung the ligamentum pulmonale extends towards
the diaphragm. These relations are common to the pulmonary root on both sides

of the body, but there are others which are peculiar to each side. On the right

side the vena cava superior lies ventral to the pulmonary root, whilst the vena
azygos arches over its upper border. On the left side the aorta arches above the

root of the lung, whilst the descending thoracic aorta passes dorsal to it.

Constituent Parts of the Pulmonary Root.—The large structures which enter

into the formation of the pulmonary root are (1) the two pulmonary veins, (2)
the pulmonary artery, (3) the bronchus. But in addition to these there are

one or more small bronchial arteries and veins, the pulmonary nerves and the

pulmonary lymph vessels, and some bronchial glands.

The pulmonary nerves come from the vagus nerve and also from the sympathetic system.

They enter the lung and follow the air-tubes through the organ. The ifronchial arteries are

small vessels which carry blood for the supply of the lung-tissue. They arise from the aorta or

from an intercostal artery, and vary in number from one to three for each lung. In the root of

the lung they lie on the dorsal aspect of the bronchus, and they follow the air-tubes through
the organ. Part of the blood conveyed to the lung by the bronchial arteries is returned by the

pulmonary veins ; the remainder is returned by special bronchial veins which open on the right

side into the vena azygos, and on the left side into the vena hemiazygos.
The lymph-vessels of the lungs are numerous and well developed, and are divided into two

groups, superficial and. deep.
The superficial lymph-vessels form a network on the surface of the lung and eventually

terminate by four or five vessels in the broncho-pulmonary glands of the hilum. It is usually

stated that the superficial lymph vessels communicate freely with the deej). This, however, is

denied by Miller, who maintains that anastomoses between the two systems of vessels are very
rare. A specimen of secondary carcinoma of the lung in the Pathology Museum of the University
of Melbourne shows a direct continuation of the disease through the lung-substance from the
surface to the tubes by way of the lymph vessels, and would thus tend to disprove Miller's

assertion.

The deep lymph-vessels are subdivided into bronchial accompanying the bronchi and vascular

accompanying the blood-vessels. Both systems communicate freely together, and at the level of

the hilum terminate in the broncho-pulmonary glands.

The pulmonary or broncho-pulmonary lymph-glands, found at the hilum, are usually numerous
and variable in size. They are situated either just outside the lung or within the lung-substance
itself.

From these broncho-pukaonary glands the lymph-flow is continued onward from the lung,

partly directly into the thoracic duct, and partly by a more circuitous route as follows :

—

From the broncho-pulmonaiy lymph-glands vessels pass on to the tracheo-bronchial glands
situated at the angles produced by the bifurcation of the trachea into the two bronchi. Of these

glands there are, therefore, three gi'oups, an inferior and right and left superior. From these
glands the lymph-flow is continued upwards through the tracheal lymph-glands lying on either
side of the trachea into the deep cervical lymph-glands, and thence into the thoracic duct.
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The pulmonary artery occupies a diU'erent position on the two sides, in relation to the
main or undivided part of the bronchus. On the ri^'ht side it is phiced below
it, whilst on the left .side it crosses the bronchus and occupies a liigher level in

the pulmonary root. The two pulmonary veins, on both sides, lie at a lowt-r level in

the root of th(^ Imig than tlu^ pulmonary artery and br<»nchuH, whilst the superior of

the two veins occupies a ]tlane ventral to the ])ulmoiiary artery (Figs. 870 and 871)-

Distribution of the Bronchial Tubes within the Lungs.—The two lungs are

not symmetrical; the right lung is subdivided into tliree lubes, and the left lung is

cleft into two lobes. The bronchi exhil>it a corresponding want of symmetry. The
right bronchus, as it approaches the pulmonary hilum, gives off two branches for

the superior and middle lol)es of the right lung respectively, and then the main
stem of the tube enters the inferior lobe. The left bronchus sends ofl' a large branch

to the superior lobe of the left lung, and then sinks into the inferior lobe. The
first branch of the right bronchus, for the superior lobe, leaves the main stem about

one inch from the trachea. The first branch of the left bronchus, on the other

hand, takes origin about twice that distance from the trachea.

The relation of the pulmonary artery to the bronchial subdivisions is different

on the two sides. On the right side it turns dorsally, to reach the donsal aspect

of the bronchus, inferior to the first, and superior to the second, Vjronchial branch.

On the left side the pul-

Z^,X~-\ Trachea'

Kight bronchus
I.«!ft bionchiis

Eparterial brondius

Dorsal branches
of bronchus

, r.efl i.iilinonary arlnry

Hyparterial
bronchus

Dorsal brauch
of bronchus

monary artery turns dorsally

above the level of the first

bronchial branch. On the

right side, therefore, the

first bronchial branch is

placed above the pulmonary
artery, and in consequence

it is termed the eparterial

bronchial ramus ; all the

others lie below the artery,

and are termed hyparterial

bronchial rami. On the left

side there is no eparterial

branch ; they are all hyp-
arterial.

When the main stem of

the bronchus is followed

into the inferior lobe of each

lung, it is seen to travel

downwards and dorsally in

the pulmonary substance

until it reaches the thin

dorsal part of the diaphragmatic surface of the lung which lies between the

diaphragm and the thoracic wall, and there it ends. As it proceeds through
the inferior lobe it gives off a series of large ventral and a series of smaller dorsal

branches. As a rule these are three in number in each ca.se, and the dor.sil and
ventral branches do not arise opposite to each other, but alternately, one from
the dorsum, and then another, after a sHght interval, from the ventral surface of

the tube. The first hyparterial division on each side (i.e. the brauch to the middle

lobe of the right lung and the branch to the superior lobe of the left side) is

generally regarded as the first member of the ventral group.

It was Aeby wlio first recognised the existence in each lung of a main or stem bronchus
giving oif a ventral and dorsal series of branches, and who drew the distinction Wtwi-en the

eparterial and hyparterial bronchial rami. A consideration of tliese relations led this author to

conclude that the eparterial bronchus and the superior lobe of the right lung have no morpho-
logical equivalents on the left side of the body. In- other wonls, he was led to V>elieve that the

middle lobe of the right lung is the horaologue of the superior lobe of the left lung. Hasse, who
has also investigated the subject, endorsed this view, with certain modifications and additions ;

and the hypothesis, either in its original state as presented by Aeby, or as subsequently modified

Fiu. 872. -Diagram ov the Rkl.\tions of thk Pui-monahy
Artery to the Bronchi.
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however, has seriously affected the stability of this conclusion. Narath contends that the distinc-

tion between tlie eparterial bronchus of the right side and the hyparterial bronchi of both sides

is not one of fundamental importance, and that a branch which arises from the first

hyparterial bronchus on the left side and turns upwards into the ajjex of the left lung is the direct

equivalent of the eparterial bronchus of the right side. This he terms the apical bronchus, and
he beUeves that it represents the first dorsal branch of the left stem-bronchus. Huntington, in a

very convincing paper, strongly supports the contention of Narath, and holds that, except " for

purposes of topography, we should abandon the distinction between eparterial and hyparterial

bronchi." With Narath he regards the eparterial bronchus as a secondary branch which has

migrated in an upward direction on the main stem. According to Huntington, therefore, Aeby's

proposition should be amended as follows :

—

Right side. Left side.

Superior and middle lobes = Superior lobe.

Inferior and cardiac lobes = Inferior lobe.

The cardiac lobe mentioned in this table is the occasional azygos lobe to which reference has

already been made, and it is interesting to note that, whilst the lobe in qiiestion as a separate

entity is rarely seen in the human lung, the bronchus which corresponds to it is always

present in the pulmonary substance as an accessory branch, which proceeds from the main stem

as it traverses the inferior lobe of the right side. It receives the name of the cardiac bronchus.

Structure of the Lung.

The lung is constructed so that the blood which reaches it through the pulmonary
artery is brought into the most intimate relation with the air which enters it through the

trachea and bronchi. An interchange of materials between the blood and the air is thus

rendered possible, and the object of respiration is attained. As a result of this inter-

change the dark, impure blood, which flows into the lung through the pulmonary artery, is

rendered bright red and arterial.

Lobules of the Lung.—A thin layer of subpleural connective tissues lies subjacent

to the continuous coating which the lung receives from the pulmonary pleura. From the

deep surface of this subpleural layer fine septal processes penetrate into the substance of

the lung, and those, witli the connective tissue which enters at the hilum upon the vessels

and bronchi, constitute a supporting framework for the organ. The lung is lobular, and

on the surface the small polygonal areas which represent the lobules are indicated by the

pigment present in the connective tissue septa which intervene between them. Although

no pigment is present, the lobular character of the lung is particularly well marked in the

foetus, and with a little care the surface lobules in the foetal lung can be separated from

each other by gently tearing through the intervening connective tissue. The lobules thus

isolated are piriform or pyramidal in form. The broad bases of these lobules abut against

the subpleural layer, whilst each of the deep narrow ends receives a minute division from

the bronchial system of tubes. The lobules which lie more deeply in the substance of

the organ are not so large, and are irregularly polygonal in form.

The Lung Unit.-—The imit of lung-structure is the lung-lobule. This comprises

a terminal bronchus with its air-spaces, blood-vessels, lymph vessels, and nerves.

The terminal bronchus of the lung-unit is attained as follows :—The larger branches

of the bronchi, as they traverse the lung, give off numerous divisions, which, by repeated

branching, ultimately form a system of tubes which pervade the entire organ. At first

the bronchial divisions come off at very acute angles, but as the finer ramifications are

reached this character becomes much less apparent. The finer ramifications of the bronchi

are termed bronchioles, which by subdivision give rise to the respiratory bronchiole of the

lung-unit.

Within the lung unit the respiratory bronchiole gives off a series of terminal bronchi

or alveolar ducts, each of which leads to a group of air-spaces termed atria. Each one of

the atria communicates, in its turn, with a further and secondary series of air-spaces

termed air-sacs or alveolar saccules, the walls of which are pouched out to form the very

numerous alveoli or air-cells of the lung-unit.

Structure of the Bronchi.—When the large bronchi enter the lung they become
cylindrical, and lose the flattening on the dorsal aspect which is characteristic of the

primary bronchi outside the lung. They possess the same coats as are present in the case

of the trachea and primary bronchi, but as the tubes become smaller b}'^ repeated divisions,

these coats Ijecome correspondingly thinner and finer. Certain marked diff'erences also in

the manner in which the constituents of these coats are arranged become apparent.

In the external fibrocartilaginous coat the cartilage is no longer present in the form
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the wall. As the tubes dhninish, the cartilagiuoua deposits show a corresponding reduc-
tion in size, until at hist, in bronchi of 1 mm. diameter, they disappear altogether. The
glands in relation to the tubes for the most part cease to exist about the same point.
The muscular or middle coat, which in the trachea and primary bronchi is confined to
the dorsal wall of the tube, forms a continuous layer of circularly arranged bundles in the
bronchi as they ramify within the lung. Spasmodic contraction of the nniscular coat gives
rise to the serious symptoms which accompany asthmatic atVections. The muscular fibres

of the middle coat may be traced as far as the atria, on the walls of which they are
present in considerable numbers. The mucous lining of the tubes becomes greatly thinned
as it is followed into the smaller bronchioles. It contains a large immber of longitudinally

arranged elastic fibres, and is disposed in longitudinal fwlds, so that when the tube is cut
across the lumen presents a stellate appearance. The mucous membrane is lined with
ciliated columnar epithelium.

Structure of the Atria and Alveoli.—The walls of the atria and alveoli

are exceedingly fine and delicate, but, nevertheless, constituents continuous with those
observed in the three coats of a bronchus are found entering into their construction.

The epithelium is reduced to a single layer. Further, it is no longer columnar and
ciliated, but it has become flat and pavement-like. Two kinds of epithelial cells may be
recognised—(1) a few small granular polygonal cells, arranged singly or in groups of two
or three, (2) more numerous thin cells of large size and somewhat irregular in outline.

Outside the epithelium is a delicate layer of faintly fibrillated connective tissue. This is

strengthened by a network of elastic fibres, which is specially well marked around the

mouths of the alveoli, and is also to some extent carried over the walls of the air-cells.

Muscular fibres also are present on the walls of the atria, but it is questionable if any
are prolonged over the air-cells.

Pulmonary Vessels.—The pulmonary artery, as it traverses the lung, divides with

the bronchi, and closely accompanies these tubes. The resultant branches do not anasto-

mose, and for the most part they lie above and. dorsal to the corresponding bronchi.

The fine terminal divisions of the artery join a dense capillary plexus which is spread over

the alveoli or air-cells. This vascular network is so close that the meshes are barely

wider than the capillaries which form them. In the partition between adjacent alveoli

there is only one layer of the capillary network, and thus the blood flowing through
these vessels is exposed on both aspects to the action of the air in the air-cells. The
radicles of the pulmonary vein arise in, and carry the blood from, the pulmonary capillary

plexus. Each aft"erent arteriole supplies the blood which flows through the capillaries

spread over a number of neighbouring alveoli, and in like manner each afferent venous

radicle drains an ai'ea corresponding to several adjoining air-cells. At first the veins run

apart from the arteries, but after they have attained a certain size they join them and
the bronchi. As a rule the pulmonary veins are placed on the inferior and ventral aspects

of the corresponding bronchi.

Development of the Respikatory Apparatus.

The larynx, trachea, bronchi, and lungs all arise as an outgrowth from the ventral

aspect of the foregut. The first indication of a respiratory tract occurs in the human
embryo early in the third week, on or about the fifteenth day of development, and when
the embryo is but little more than 3 mm. in length. At that period a median longitudinal

groove makes its appearance in the ventral wall of the foregut, extending from the

primitive pharynx well towards the primitive stomach, and deepening gradually as it

passes caudalwards.

The cranial end of the respiratory tube becomes enlarged and forms the larynx,

the intermediate portion forms the trachea, and the caudal end bifurcates in the

floor of the groove into two tubes—the future bronchi are already indicated by slight

bulgings before the two tubes divide—which grow caudalwards on either side of the heart,

into a mesodermic mass, from which the connective tissue of the future lungs is ultimately

developed. The respiratory tube is lined with entoderm continuous with the entodermal

lining of the foregut.

The groove becomes deeper and constricted, its lateral margins apj)roximate, and finally

meet dorsally, and the groove separates off from the foregut as a distinct tube. This

differentiation necessarily results in the production of two tubes or canaKs, a ventnil one

forming the respiratory tube, and a dorsal one the O'sophagus. The separation of the two

tubes commences at the caudal end and proceeds cranialwards towards the pharynx, into

which both the ocsonhairus and the respiratorv tube open.
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The Larynx.—The rudiment of the larynx appears, at the cranial or pharyngeal
end of the primitive respiratory tube, about the twenty-fifth day, and before the trachea

separates off from the oesophagus in the form of two lateral swellings—the arytsenoid

swellings, which lie caudal to the fourth visceral pouches, and possibly represent

rudimentary fifth branchial arches (Kallius). The arytsenoid swellings are connected

by a ventral median ridge which intervenes between the ventral ends of the third visceral

arches. At this period the site of the future larynx is represented at the pharyngeal
end of the respiratory tube by a U-shaped ridge which surrounds the tube cranially

and laterally, and is known as the furcula.

The cranial or anterior portion of the furcula forms a median elevation from which
the epiglottis is developed, whilst the lateral portions of the furcula—the arytsenoid

swellings—eventually form the ary-epiglottic folds. On the medial side of the latter,

about the fourth month, a furrow marks the future site of the ventriculus laryngis

[Morgagni], the margins of which later become the vocal folds.

About the eighth week the cartilaginous framework of the larynx is indicated by
niesoblastic condensations of the connective tissue around the now slit-like rima glottidis

;

and at the same period the rudimentary arytaenoids, the cricoid and the cartilages of

the trachea are all continuous laterally.

The epiglottic cartilage is developed, as stated, in the anterior portion of the furcula,

and chondrifies relatively late. It may possibly represent a rudiment of the cartilage of

the sixth branchial arch, and according to Goppert it is at first continuous dorsally with

the cuneiform cartilages, which, therefore, are derivatives of the epiglottic cartilage.

The thyreoid cartilage is laid down in the form of two separate lateral mesoblastic

plates, in each of which chondrification proceeds from two centres, ventral and dorsal,

which probably represent the cartilages of the fourth and fifth branchial arches. As
development proceeds the sheets of cartilage formed from these centres fuse, and eventually

extend ventrally to fuse with their fellows of the opposite side, in the median plane.

Chondrification is completed comparatively late, and when incomplete it results in the

formation of an abnormality—the thyreoid foramen. The superior cornu of the thyreoid

cartilage is at first continuous with the greater cornu of the os hyoideum, and the remains

of this cartilaginous connexion is seen in the presence of the cartilago triticea in the

lateral hyothyreoid ligament of the adult.

The pro-cartilaginous rudiments of the cricoid and arytsenoid cartilages are at first

continuous with each other, but later become differentiated by the appearance of separate

cartilaginous centres for the arytsenoids, and an incomplete ring, for a time deficient

dorsally, for the cricoid. The cricoid thus resembles developmentally a tracheal ring,

with which it probably corresponds morphologically. Chondrification proceeds in the

cricoid by two centres, one on each lateral side. These centres unite ventrally, but
dorsally fusion does not take place until much later, and is finally completed by an exten-

sion of chondrification from the lateral into the dorsal plate. The cricoid thus differs

from the tracheal ring, in having its chondrification completed dorsally, whereas this

never takes place in the tracheal ring.

The arytaenoid cartilages are, as stated, at first continuous with the cricoid cartilage

by fibrous tissue, but become eventually completely separated from it by the appear-,

ance of one chondrification centre for each aryttenoid.

The corniculate cartilages (Santorini) are merely portions of the arytsenoid cartilages

separated off by segmentation ; whilst the cuneiform cartilages
(
Wrishergi) are, as previ-

ously stated, derivatives of the epiglottic cartilage.

The Trachea.—^The trachea is developed from the intermediate portion of the

median longitudinal groove. Originally, both this portion of the primitive respiratory

tube and the oesophageal portion of the primitive alimentary canal were of equal length

;

but as development proceeds both tubes lengthen, the latter more rapidly than the

former, so that eventually the lung rudiments no longer lie on the ventral and lateral

sides of the primitive stomach, but come to lie on the cephalic side of that viscus,

and are separated from each other by the oesophagus dorsally and the heart and
pericardium ventrally. In this way, that is by unequal growth, it comes about that the

trachea in the adult is shorter than the oesophagus, though originally both were of

equal length.

The cartilaginous rings of the trachea are developed like the cricoid cartilage, with the

difference that in the trachea the process of chondrification does not extend into their dorsal

portions, and hence, in the adult, the C-shaped rings of the trachea are deficient dorsally

—

an arrangement which admirably adapts itself to the functional uses of both trachea and
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The Lungs.—The lungs are developed from the two diverticula of the caudal end
of the median longitudinal groove and the mesodermal tissue into which these grow.
Originally single, this caudal end soon becomes bilohed and |j<juclies out on each side into
two lateral diverticula, which represent the primitive bronchi and lungs. From the first

the right pulmonary diverticulum or vesicle is slightly the larger of the two. lioth
diverticula elongate, and almost inmiediately undergo a subdivision—the right into three
vesicles, and the left into two vesicles—thus early indicating the tliree lobes of the right
lung and the two lobes of the left lung. As the primitive respiratory tube lies in the
median plane in the dorsal attachment of the septum transversum, the pulmonary diver-
ticula grow laterally and dorsally into the dorsal parietal reces.ses, that is into the future
pleural cavities, carrying before them a covering of mesoblast. From this mesoblast are
derived the blood-vessels and other tissues which build up the lung, whilst the entodernial
cells which form the lining membrane of the primitive respiratory tube eventually
develop into the epithelial lining of the air-passages, and are embedded within the
surrounding mesoderm. The main entodernial subdivisions continue to branch and
re-branch, pushing their way into the pulmonary mesoblast, until the complete bronchial
tree is formed.

The primary pulmonary diverticula increase in size and complexity as additional out-
growths arise by the subdivision of the enlarged terminal part of each diverticulum.
Their mode of subdivision is very characteristic, and from the first the various branches
are bulbous or flask-shaped at their extremities. These bifurcate, and although at first

the two main subdivisions appear, in each case, of equal importance, one grows out as the
continuation of the main bronchial stem—the future hyparterial bronchus—whilst the
other remains as a branch. When the ramification of the entodernial tubes into the
lung-mesoderm is complete, the small terminal flask-shaped extremities of the various

branches represent the atria of the lung.

This repeated bifurcation results, as just stated, in the formation of a main bronchus
which traverses the entire length of the lung, and into which numerous secondary
bronchi open. The latter, from the manner in which they arrange themselves around the

main stem of the pulmonary artery, are divided into dorsal and ventral. These alternate

with each other, and usually number four in each series ; not infrequently the third dorsal

bronchus fails to develop. In the left lung the first dorsal bronchus arises, not from the

main tube as on the right side, but from the first ventral Vironchus—an arrangement
which probably results from the fusion on the left side of the superior and middle lobes of

the left lung into one, namely, the so-called lobus superior of the adult left lung.

The secondary bronchi elongate, and give rise to the tertiary bronchi, and these in

turn to lesser bronchi, and so on down to the terminal bronchi, with their atria, air-sacs,

and air-cells of the lung-unit. At first the lung-unit is devoid of air-cells, but between
the sixth month and full term the alveolar saccules and air-cells make their appeanmce
on the alveolar ducts ; and it is thus clear that the epithelial lining of the entire system

of bronchial subdivisions and ramifications is derived originally from the entodernial

lining of the primitive foregut. By the close of the fourth month of ftetal life the

columnar cells lining the trachea and bronchi have become ciliated.

At fii'st the diverticula of the respiratory tube are surrounded by thick masses of

mesoblastic tissue, but as development proceeds the latter fails to keep pace with the

former, and hence the mesoblastic tissue becomes greatly reduced in amount and in

thickness. Coincidently, this mesoblast becomes vascularised, and thus rich plexuses of

blood-vessels come to surround the terminal divisions of the epithelial tubes—an arrange-

ment obviously adapted to the interchange of gases from air to blood and i^'ce versa.

The rudiments of the developing lungs grow dorsally on each side of the cesophagus

into the fissure-like portion of the coelom which occupies the thoracic region. They
push before them the endothelial lining of the ca^lom, and thus come to acquire their

covering of pulmonary pleura. By the development of the diaphragm and the peri-

cardium the pleural portions of the cojlom become cut off" from the peritoneal cavity and

from each other.





THE DIGESTIVE SYSTEM.

Revised and Largely Rewritten

By David Waterston.

APPARATUS DIGESTORIUS.

The Digestive System.—The physical characters and the chemical composition

of much of the food taken into the body are such that it cannot at once be utilised

by the organism. Before it can be absorbed and used in nutrition it requires to

be acted upon, both chemically and mechanically. The performance of these

mechanical and chemical changes is known as digestion.

The term apparatus digestorius (digestive system) is applied collectively to the

organs which are concerned in this process, in the reception of food into the body,

and in the excretion of the undigested or unabsorbed residue.

The simple form of digestive system which is found in many of the lower

animals consists of a simple tube, passing through the interior of the body,

from an anterior or mouth aperture, to a posterior or anal orifice. The wall

and lining membrane of the tube are so constructed as to act mechanically and
chemically upon the food in its interior.

In man, a tube of this kind forms the basis of the digestive system. It

extends from the mouth, through the neck, thorax, abdomen, and pelvis, to the anal

orifice. But the tube, originally simple, has become modified, in different directions

in different parts, for the performance of the various stages of the complex

processes of digestion, absorption, and excretion.

The principal modifications which it has come to present are the following :

—

(1) The tube is very greatly elongated, so that its total length measures from

seven to eight times the length of the trunk. This is effected by the tube being

thrown into folds or coils, especially in that part known as the small intestine.

(2) Certain portions of the wall of the tube have become modified in structure

for the performance of special digestive changes. Thus, in the mouth there are

found the teeth and tongue, for mastication or triturition of food and for degluti-

tion, or swallowing. Further on in the course of the tube there is a dilated

chamber, the stomach, in whose wall special glands, called gastric glands, are

present, which produce the gastric juices ; while in the succeeding portion, or small

intestine, are found the villi—very numerous papillary projections of minute size,

whose function is largely that of absorption.

(3) Certain special accumulations or masses of glandular tissue, producing

secretions useful in digestion, are situated altogether outside of the wall of

the tube, but communicating with its interior by means of ducts, through which

these secretions are conveyed.

The chief of such masses of glandular tissue are the saHvary glands, which are

placed in the head and neck, and communicate with the mouth ; and the liver and
pancreas, which lie in the abdomen, and are connected with the duodenum.

These glandular masses, though lying external to the wall of the tube, have been developed

as outgrowths from it, and the ducts represent the stalks of connexion.

1103
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The digestive system, then, may be considered to present the following parts

I. The alimentary canal, or digestive tube.

II. Special organs, found in the wall of this canal.

III. Accessory glands, placed external to the wall of the tuba

Pars nasalis pharyngis

-Cavuni oris proprium

Pars oralis pharyngis

ffisophagHS

Ccecum

Pelvic colou

Fig. 873.

—

Diagram of the Genkual Aurangement of the Digestive Ststem.

Tlie ."processus vermifonuis is seen hanging ilown from the cscuni. The transverse colon is not represented,

in order that the duodenum and pancreas, wliich lie behind it, may be seen.

The greater part of the digestive system is found in the abdomen, and hence, in

this section, the abdominal cavity, together with its lining membrane the peritoneum,

falls to be described.

I. Alimentary Canal—The alimentary canal, taken as a whole, measures, when

fully extended, about 30 feet (9 metres) in length, and consists (Fig. 873) of the
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following parts in order :—mouth, pharynx, cesophagua, stomach, small and large
intestines. The term tubus digestorius is applied to the whole of the canal lielow
the lower end of the pharynx. The mouth cavity is th<^ first division of the tuhe.
It is separated from the nasal cavities above Ity the palate, and opens posteriorly
into the pharynx. This latter is an expanded portion (jf the canal lying posterior
to the mouth, nasal cavity and larynx, the mouth opening into it through the
isthmus of the fauces, the nasal cavity through tht; choanae (O.T. posterior nares)

;

whilst lower down, immediately below the base of the tongue, the aperture of the
larynx is found in its anterior wall. Opposite the lower border of the larynx,
tlie pharynx is continued into the oesophagus, a long and comparatively straight
portion of the digestive tube, passing through the neck and thorax to the abdomen,
which it reaches by piercing the diaphragm. Immediately after entering the
abdomen the tube expands into a pear-shaped dilated chamber, the stomach. This
is followed by over 20 feet of small intestine, the junction of the two being
marked by a constriction, the. pylorus. The small intestine presents three more
or less arbitrary divisions—namely, (a) the duodenum, a part about 10 inches in

length, curved somewhat like a horse-shoe, and closely united to the posterior

abdominal wall
;
(b) the jejunum, which includes the upper two-fifths, and (c) the

ileum, the lower three-fifths of the small intestine beyond the duodenum. The
jejunum and ileum are connected to the posterior abdominal wall by the mesentery,

a fan-shaped fold of connective tissue covered by the peritoneum, or lining mem-
brane of the abdominal cavity.

The terminal part of the ileum opens into the side of the large intestine,

a few inches (2^) from the blind commencement of- the latter. There is thus
formed at the beginning of the great intestine a cul-de-sac, called the caecum, in

connexion vnth which there is a small worm-shaped diverticulum, the vermiform
process.

The orifice through which the ileum opens into the large intestine is guarded
by the valve of the colon (O.T. ileo-csecal valve), which prevents the return of its

contents from the large into the small bowel. After the caecum comes the

ascending colon, which runs up on the right side of the abdomen. This is succeeded,

in order, by the transverse colon, crossing from right to left, the descending colon,

running down on the left side of the abdomen, and the iliac colon, lying in the left

iliac -fossa. Beyond this are the pelvic colon, which lies in part or entirely witliin

the pelvis minor (O.T. true pelvis), the rectum, and the anal canal.

The rectum lies within the pelvis minor, and the anal canal, the terminal part

of the intestine, is a short channel passing between the muscles which form the

pelvic floor, to open on the surface at the anal orifice.

The B.N. A. term colon sigmoideum includes the portion named above a.s pelvic colon, and
the term colon descendens includes tlie descending and iliac colon.

II. Special Organs found in the Wall of the Tube.—In the mouth are

found the teeth, gums, tongue, and behind them, in the pharynx, are the

palatine tonsils. The teeth, 32 in number in the adult, are portions of the

mucous membrane of the mouth and of the subjacent tissue, calcified on the

surface, and specially formed for mastication, that is, the division and triturition

of the food which take place in the mouth before the bolus, as the* resulting mass

is termed, can be swallowed. They are rooted in the jaws and are partly surrounded

by the gums.
The tongue is a muscular organ, useful alike in mastication, deglutition, and

speech. It is covered with epithelium, which in places is modified so as to form

taste corpuscles, which are the end organs of the gustatory sense.

The roof of the mouth is formed by the palate, which separates the mouth

from the nose. It consists of a bony part in front called the hard palate, and

a movable sheet, called the soft palate, behind.

The palatine tonsils are two large masses of lymph tissue, found one on each

side of the wall of the pharynx, just posterior to the mouth. They form the

most prominent portions of an almost complete ring of lymph tissue placed

around the circumference of the tube at this level.
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III. Accessory Digestive Glands.—The largest of these is the liver (hepar),

which occupies the upper and right portion of the abdominal cavity, immediately
below the diaphragm, and its secretion—the bile—is conveyed into the duodenum by
the bile duct (ductus choledochus). The pancreas, next in size, lies across the front of

the vertebral column, with its right end or head resting in the concavity of the
duodenum, into which its secretion flows through the pancreatic duct. The salivary

glands consist mainly of three large paired glands, parotid, submaxillary, and sub-

lingual (glandula parotis, submaxillaris, and sublingualis), and their ducts, which
convey the saliva, open into the mouth. The saliva is a mechanical lubricant,

which facilitates swallowing and the movements of the tongue in speaking and
masticating, and also plays an important part in the chemical processes of

digestion.

CAVUM OEIS.

The philtrum

1. Parts.—Eima oris, vestibulum oris, cavum oris proprium.
2. Boimdaries.— 1. Labia oris—tbeir structure.

2. Buccse—their structure.

3. Palatum (palatum durum, palatum molle)—arrangement and structure.

4. Isthmus faucium.
3. Structures found in the Mouth.—Gingivse, gums.

Dentes, teeth.

Lingua, tongue.

4. Glandulse oris.—Buccal and salivary glands.

The mouth is the upper expanded portion which forms the first division

of the alimentary canal. It lies between the maxillae and mandible, bounded ex-

ternally by the Hps and the cheeks, and roofed in by the palate. It contains the

teeth and greater part of the tongue ; and the ducts of the salivary glands open
into it. The cavity is divisible into

two portions, the vestibule and the

cavity proper of the mouth. These
are separated from one another by the

alveolar ridges, gums, and teeth of the

maxillae and mandible. The cavity of

the mouth narrows at the back to a

slight constriction, marked by a vertical

fold on each side, called the arcus

glosso-palatinus (O.T. anterior pillar

of the fauces), and between them the

cavity of the mouth is continuous with
that of the pharynx.

Rima Oris.—The aperture of the

mouth is bounded above and below by
the corresponding lips, which, by their

junction at the sides, form the labial

commissures. In a state of rest, with
the lips in apposition, the rima appears

as a slightly curved hne, corresponding

in length to the interval between the
first premolar teeth, and in level to

a line drawn across just below the

It also shows the two palatine arches, and the pharyiigo- middle of the upper incisor CrownS.
nasal isthmus, through which the naso-]>harynx, above, The shape of the rima VaricS with

bXw""'''''**''
'''^^' ^^'"^ "'^"^ ^""^""^ °' ^^^ piiarynx, gygry movement of the lips, from the

resting hnear form, curved like the
conventional bow, to a circular or oval shape when tlie mouth is widely open,
or the " pursed-up " condition produced by the contraction of the orbicularis oris

muscle.

Vestibulum Oris.—The vestibule of the mouth lies immediately internal to the

Fig. 874. -Opbn Mouth showing Palate and
Palatine Tonsils.
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t^lylo-glossiis

Stylo-pharyiiKeus
Glossopliaryngeal
nervi'

;StyIo-liyal

ligament
) Lingual nerv«

Deep part of submaxillary gland pullerl back
Submaxillary ganglion

Submaxillary duct (Wharton's)
Cut edge of mucous membrane

Sublingual gland

/Sublingiial artt-ry

aperture of the mouth It is that portion of the cavity which occupies the intervalbetween the lips and cheeks externally, and the teeth and gums internally
In the normal resting condition, when the mouth is closed and the lii/s'and theteeth are in contact, its cavity is practically obliterated by the meeting of its

walls, and it becomes merely a slit-like interval, with a narrow roof and floorformed by the reflection of the mucous membrane from the deep surface of the
lips and cheeks to the corresponding gum. This reflection is interrupted in Ihcmedian plane by a small but prominent fold of the mucous mend^rane, the frenulumwhich connects the back of each lip to the front of th<! gum. The upper frenulum'
IS the better developed, and is readily brought into view by evertiiiL' the lir, The
frenulum (^f the lower lip is not always present.

On the outer wall of the vestibule, opposite the crown of the second up^er
molar, upon a variably developed eminence, is placed the small opening of the duct
of the parotid gland, ^

which conveys the
saliva from the paro-

tid gland to the
mouth.

When the teeth

are in contact the

vestibule communi-
cates with the cavity

of the mouth only

through the small

and irregular spaces

left between the op-

posing teeth, and
posteriorly, on either

side, by a wider but
variable aperture be-

tween the last molars

and the ramus of the

mandible.

Advantage is some-
times taken of the pres-

ence of this aperture for the introduction into the cavity of the mouth of liquid food in certain

cases—trismus, anchylosis, etc.—in which the jaws are rigidly closed.

On the outer wall of the vestibule, the anterior border of the masseter can be distinctly felt

with the finger, when the muscle is thrown into a state of contraction. Still further back, the

front of the coronoid process, bearing the lower part of the insertion of the temporal muscle, can

also be made out. The spheno-mandibidar ligament, which corresponds to, and is felt along with,

the anterior border of the internal pterygoid muscle, is distinguishable as a pliant ridge when

the finger is carried from the front of the coronoid process behind the last mohir tooth intq the

cavity of the mouth.
i, j j j

In addition to the duct of the parotid, the ducts of numerous small glands which are embedded

in the lips and cheeks open into the vestibule.

Under normal conditions, as pointed out above, the lips and cheeks lie against the teeth and

gums, obliterating the cavity of the vestibule, and helping, with the aid of the tongue, to keep

the food between the grinding surfaces of the molar teeth during mastication. In facial palsy,

however, owing to the paralysis of their muscles, and particularly of the buccinator muscle, the

lips and cheeks fall away from the dental arches, and allow the fond to pass out from between

the teeth and to accumulate in the vestibule.

Cavum Oris Proprium.—The cavity proper of the mouth is the space situated

within the dental arches, extending backwards to the glosso-palatine arches (O.T.

anterior pillars of the fauces). Its boundaries consist of a roof, a floor, and a margin,

formed by the teeth and gums. The roof is formed by the hard palate and the

anterior portion of the soft palate, while the floor is formed by the anterior part of

the tongue in the middle, and on each side by the reflection of the mucous membrane

from the side of the tongue to the mandible.

On each side of the tongue, and in front of it, when it is at rest, there is only

a slit or sulcus between the tongue and the gums, into which the ducts of the

submaxillary and sublingual glands open.
71a

Genio-hyoid

Lingual artery
Middle constrictor

Fig. 875.

Lingual artery

^Hypoglossal nerve

' Hyoid branch of lingual artery

-Dissection of Submaxillary Regio.v.
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If, however, the tongue is raised, there is exposed a limited space to which the

term sublingual space is more usually applied (Eig. 876).

The term " floor of the mouth," or sublingual region, is frequeutlj- applied to the muscular

and other structures, especially the mylo-hyoid muscles, which fill in the interval between the

two halves of the body of the mandible. These structures, with the hyoid bone, form the basis

upon M-hich the tongue and the mucous membrane of the sublingual space are supported, and

they extend from the symphysis menti, in front, to the body of the hyoid bone, behind.

The sublingual region (Fig. 876) is covered by the mucous membrane between

the deep surface of the gum and the inferior aspect of the tongue. When the tip

of the tongue is raised the membrane forms in the median plane a prominent fold,

the frenulum linguae, stretching from

the floor of the mouth to the inferior

surface of the tongue. On each

side of the frenulum, near its

junction with the floor, there can

be readily made out a prominent
soft papilla, the caruncula sub-

lingualis, on which the opening of

the duct of the submaxillary gland

(O.T. Wharton's duct) may be seen

(Fig. 876). Kunning laterally and
posteriorly, on each side, from this,

and occupying the greater part of

the floor of the mouth, there is a

well-marked ridge, plica sublingualis,

due to the projection of the under-

lying sublingual gland. Most of

the ducts of this gland open near

the crest of the ridge on each side.

There is also another fold, called

the plica fimbriata, medial to each of

the others, ou the inferior surface

of the tongue.

The ijhiltrum

Anterior gland of

tongue

Layer of muscle cut
to show the gland

Plica fimbriata

J Frenulum lingua

Duct of the submax-
illary gland

Openings of ducts of
the submaxillarj'

gland

Sublingual gland

Plica sublingualis,
with openings of
ducts of sublingual
gland

Fig. 876.

—

Open Modth with Tongue raised, and the
Sublingual and Anterior Glands exposed.

When the mouth is closed, and re-

spiration is carried on -through the nose,

the cavum oris is reduced to a slit-like

space, and jDractically obliterated by the

tongue coining in contact with the palate

above, and with the gums and teeth

laterally and in front. Wlien the

The sublingual gland of the left side has been laid bare by the
"^^^^h is slightly open and the teeth

removal of the mucous membrane; to expose the anterior nearly in contact, the tongue becomes

lingual gland of the right side a thin layer of muscle, in somewhat concave or grooved along the

addition to the mucous membrane, has been removed. A median plane, and leaves a channel-like

branch of the lingual nerve is seen running on the medial space between it and the palate, while it

aspect of the gland. The profunda vein also is faintly remains in contact with the roof and
indicated on this side. gums laterally. By depressing the hyoid

bone together with the root of the tongue,

the cavum oris can be increased to a considerable size even when the teeth are in contact. Finally,

by the simultaneous descent of the mandible and hyoid bone with the tongue, and the ascent of

the soft palate, the cavity is increased to its greatest dimensions (Fig. 874).

Labia Oris.

—

The lips are the two movable folds, covered superficially by skin,

and on their deep surface by mucous membrane, which surround the rima oris. The
meeting of the lips at each side constitutes the commissure, and bounds the

angle of the mouth (angulus oris). Laterally, they arc prolonged into the cheeks,

with which they are continuous. The junction of the lips and cheek is marked
on the surface hy the sulcus naso-labialis, which passes downwards and laterally

from the margin of the nose towards the angle of the mouth, while the sulcus

mento-labialis separates the lower lip from the chin. The upper lip presents on
its superficial surface a well-marked vertical groove, the philtrum, bounded by two
distinct ridges descending from the columella nasi (Fig. 876) ; inferiorly the groove
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widens out, and terminates opposite a slight projection—the labial tubercle on the
free edge of the upper lip. This tuhercle is particularly well developed in children,
and is chietly responsible fur the characteristic curve of the rima oriH. The lower
lip is usually longer and more movable than the upper lip.

For the manner in which the various muscles enter into the formation of the
lip, see section on the Muscles (pages 450 to 451).

The lips include within them the greater part of the orbicularis oris muscle,
which surrounds the aperture of the mouth, and in each lip the following series of
structures can be recognised from the external to the internal surface:

—

(1) The
skin, which is closely beset with hairs, small and tine in the child and female, long
and stout in the adult male. (2) A layer of fatty superficial fascia continuous with
the fascia of the face generally. (3) The orbicularis oris muscle, continuous at its

periphery with the various muscles converging towards the mouth. A number
of its hbres, or those of the muscles joining it, pass through the sujicrticial fascia

and are attached to the skin, thus establishing a close connexion between the
skin and the muscle. (4) The submucous tissue, which is occupied by an almost
continuous layer of racemose glands—the labial glands. These open into the vesti-

bule, and their secretion is said to be mucous. (5) Tiie mucous membrane of the
mouth, covered by stratified squamous epithelium. Between the orbicularis and
mucous membrane, but nearer to the former, that is, in the deeper part of the
submucosa, the labial artery is found, a short distance from the free margin of

the lip, running to meet its fellow of the opposite side.

The free margin of the lip is covered witli a dry and otherwise modified mucous' membrane.
It begins where the integument changes colour at the outer edge of the lip, and ends posteriorly

just behind the line along which the two lips meet when closed, where it pa-s-ses into the ordinary
moist mucous membrane of the vestibule. It presents niunerous simple va.scular papilla?, and
its nerves terminate in special end organs, hence the acute sensitiveness of this part. In the
child, at birth, the margin of the lip is divided bv a very pronounced groove or nssiu-e into an
outer and an inner zone, differing considerably in their appearance.

When the tongue is pressed firmly against the back of the lips and moved about, the labial

glands can be distinctly felt through the mucous membrane, giving the impression of a knobby
or irregular surface. The glands, which are about the size of hemp-seeds and can be readily

displayed by removing the mucous membrane, are more numerous in the lower than in the

upper lip. Stoppage of their ducts, with the resulting distension of the glands, gives rise to
" mucous cysts, a well-known pathological condition.

Blood-vessels, Nerves, and Lymph-vessels.—The lips receive a free blood supi>ly, the

lower lip from the inferiur labial, and the upper from the superior labial branches of the

external maxillary artery.

The sensory nerve supply of the lips is derived from the trigeminal nerve, that of the upper
through the infra-orbitid branch of the maxillary division, and that of tlie lower from the mental
branch of the inferior alveolar branch of the mandibular division, while the buccinator branch

of the mandibular division supplies the region of the angle. The lymph-vissels of the iipjur

lip pass with the external maxillary artery to the submaxillary lymph-glands lying in the sub-

maxillary triangle, while those from the lower lip pass in part to the same glands, and in part

to the submentai glands lying on the mylo-hyoid muscles, above the hyoid bone.

Buccae.—The cheeks resemble the lips in structure, being formed of corresponding

layers, but the place of the orbicularis oris muscle is taken by the buccinator

muscle. They are covered externally by the skin and internally by the mucous
membrane. Under the skin lies the fatty superficial fascia of the face,

through which the parotid duct (O.T. Stenson's duct) runs inwards to pierce the

buccinator. Here too are placed some of the muscles of facial expression. Near

the end of the duct are found four or five mucous glands, as large as hemp-seeds.

These are known as the molar glands; their ducts pierce the cheek and open

into the vestibule. Beneath the superficial fascia lies the buccinator muscle,

covered by the thin bucco-pharyngeal fascia. Deeper still is the submucosa,

which, like that of the lips, contains numerous racemose buccal glands. And
finally the mucous membrane is reached (Fig. 876).

An important constituent of the cheek of the infant is the corpus adiposum buccae (O.T. suck-

ing pad), an encapsuled mass of fat, distinct from the surrounding sujHjrficial fascia, which lies on

the outer side of the buccinator, and passes backwards into the large recess between that muscle

and the overlying anterior part of the masseter. This fatty mass, which is relatively more
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developed in the child than in the adult, strengthens the cheek, and helps it to resist the effects

of atmospheric pressure during the act of sucking. In the adult the remains of the pad can be
distinctly made out under the anterior border of the masseter.

Some small superficial lymjjh-glands lie on the superficial surface of the buccinator, com-
municating with the vessels of the lips, while their efferent vessels pass onwards towards the
parotid region.

Palatum.

—

The palate forms the roof of the niouth, and separates the mouth
from the nasal cavities and nasal part of the pharynx.

It is not confined to the mouth, but extends backwards also into the cavity of

the pharynx, forming the division between the oral and the nasal parts of the

pharynx. It terminates behind in a free conical projection, the uvula. It consists

of two distinct portions, an anterior, forming the anterior two-thirds, which has a

bony foundation (palatine processes of the maxillce and the horizontal parts of the

palatine bones), and a posterior, forming the posterior third, with a fibrous basis ; and
they are termed the hard and the soft palate, respectively. The palate is arched

antero-posteriorly, and also transversely. The latter curvature is the more pro-

nounced in the hard palate, but the shape and curvature of this portion depend
upon the configuration of its bony foundation.

The hard j^alate is, on the whole, horizontal in direction, both transversely and antero-

posteriorly. The soft palate is, on the other hand, during rest, as, for instance, in quiet nasal

breathing, very oblique in direction, and it shuts off the mouth from the nasal and largely from
the oral parts of the pharynx. When, however, the soft palate is raised by the action of its

muscles, it more nearly continues backwards the plane of the hard palate, and it projects across

the cavity of the pharynx, forming a nearly complete partition between the oral and the nasal

parts of the pharynx. In this position it prevents food from passing ujjwards into the nasal

part of the pharynx and nose.

Traversing the middle of the palate is seen a faint median ridge or raphe (Fig. 877), indicating

its original develoj^ment from two halves. This raphe is continued posteriorly along the soft

palate to the base of the uvula, and in front it ends in a slight elevation, the papilla palatina

(O.T. incisive pad). From the anterior end of the raphe a series of transverse ridges of mucous
membrane, about six in number, run laterally, just behind the incisor teeth ; they are known as

the plicse palatinse, and are composed of dense filjrous tissue. Sometimes a small pit, which will

admit the point of a pin, is seen, on each side, immediately posterior to the central incisor teeth,

and about 2 mm. from the median plane. These pits correspond to the inferior openings of

the incisive canals, with which they are occasionally continuous.

Palatum Durum.

—

The hard palate consists of a horizontal plate formed by
the palatine processes of the maxillae and the horizontal parts of the palatine bones,

covered on each surface, super-
Foramen incisivuia

,-
—-.^Deiites incisivi iorand inferior,byperiostcum.

The periosteum of the inferior

surface is thick, and is in

turn covered by a quantity of

dense fibrous tissue firmly

united both to the periosteum

and to the mucous mem-
brane. This dense tissue

contains in its posterior half

a large number of racemose

palatine glands, and it also

contains the larger nerves

and blood - vessels of the

palate. The mucous mem-
brane covering the superior

surface is largely ciliated in

character, and forms the floor

of the nasal cavity, while that

on the inferior surface is a

stratified squamous epi-

thelium.

Palatum Molle.—The soft palate is attached anteriorly to the posterior margin
of the hard j)alate. Its lower and posterior margm is free, and forms an arch, ex-

tending from one side of the pharynx to the other, but the arch is interrupted

I __

Dens caninns

Deiites pneinolaies

Foramen
paiatimnii majiis

Biitiira palatina transvf-rsa

Fig. 877.

—

Thk Hakd Palatk and Ui'I'eu Permanent Teeiii,

seen fkom below.
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in the centre by the conical projection of varying size, called the uvula, which hangH
down from its inferior margin. Laterally the soft palate is intimately connected on
each side with two prominent folds, called the palatine arches. The exact relation-

ship of the soft palate to these is as follows. The free posterior margin of the soft

palate passes into the pharyngo-palatine arch (O.T. posterior pillar of the fauces),

which })asses downwards lor some distaiiec on the .side wall ot the pharynx.
The glosso-palatine arch (O.T. anterior pillar of the faucesj, on the other hand,

passes below into the side of the tongue. Traced upward.s, it runs on to the

inferior surface of the soft palate, and is continuous with the margin of the uvula.

The two palatine arches on each side are 7-8 mm. apart, and on the side wall,

between each pair, there is a fossa or depression which is occupied in part by the

palatine tonsil. This region belongs properly to tiie ])harynx, and will be de.s<ribed

in detail when tliat part is dealt with, but at the present stage the relation of this

fossa of the tonsil to the soft palate should be carefully noticed.

The superior surface of the soft palate forms a continuation backwards and
downwards of the floor of the nasal cavity, and constitutes the floor of the nasid

part of the pharynx. It is covered by a prolongation of the nasal mucous membrane,
partly ciliated in character. The inferior surface is arched, and forms the backward

prolongation of the roof of tlie mouth.

In tlie foetus tlie whole of the epithelial covering of tlie soft palate is cihated, but after birth

tlie ciliated epitlieliuni is largely replaced by stratified squamous epithelium, except at the

margin of the palate.

Structure.—The frame^vork of the soft palatt; is formed of a stroiig fibrous sheet, called the

palatine aponeurosis. To it several muscles are attached. These structures, together with fibrous

tissue, gland-vessels, and nerves, are covered by mucous membrane on each surface.

The palatine aponeurosis, which is confined to the anterior part of the soft palate, is in the

form of a thin Hat sheet, constituting a common tendon for the j)alatine mu.sc-les which are

attached to (or blended with) its posterior margin. Its anterior margin is united to the posterior

edge of the horizontal parts of the palatine bones. With the exception of the aponeurosis of the

tensor veli palatini which passes into its lateral part, the muscles do not, a.s a rule, reach

further forwards than to within 8 or 10 mm. of the posterior edge of the hard palate.

The muscles entering into the formation of the soft palate are the mm.
pharyngo-palatini, uvula3, levatores veli palatini, tensores veli palatini, and glosso-

palatini. For the details of the attachments and arrangement of these mu.'icles,

see p. 466.

The anterior part of the soft palate for 8 or 10 mm. (^ in.) contains practically no

muscular fibres; it is composed of the palatine aponeurosis, covered by an extremely

thick layer of glands on the inferior surface and by mucous membrane on both surfaces.

This anterior portion is much less movable than the rest of the soft palate, and forms a

relatively horizontal continuation backwards of the hard palate, stretching across between

the two medial pterygoid laminie. It is upon this portion chiefly that the tensor veli

palatini muscles act. The posterior and larger part contains muscular fibres in abundant e,

slopes strongly downwards, and is freely movable, being the jxtrtion upon which the

remaining palatine muscles act.

The mucous membrane of the inferior surface of the palate, winch is covere<l by stratified

squamous epithelium, is firmer and more closely adherent in front, near the rug», than behind,

near the .eoft palate.
,

Mucous glands, the orifices of which can be seen as dots with the naked eye, are extremely

abundant in the soft palate, and in the posterior half of the hanl palate, except near the raphe.

They are wanting in the anterior part of the palate, where the mucous membrane is particularly

The plicse palatinae (which correspond to more strongly developed ridges in caniivora, ett) are

very well marked in the child at birth, although, perhaps, relatively less distinct in the fcctiis of

five or six months ; in old age they become more or less obliterated and irre^lar. At birth,

also, and in the fcctus, the incisive pad at the anterior end of the raphe is continuwi over the

edge of the gum into the frenulum of the upper lip. .,, , ., u- i
•

The uvula, already referred to, is a conical projection, very variable in length, which is con-

tinued downwards and backwaixls from the middle of the jx^terior border of the soft palate. It

is composed chietlv of a mass of racemose glands and connective tissue covered by mucous mem-

brane, and- containing a slender prolongation of the uvular muscle in its upper part

The vessels of the palate are :

—

.,,,.. i -n

(1) Branche< from the descending palatine artery, a branch of the internal niaxillary artery.

Of these «onie small vessels, the lesser palatine arteries, emerge from the foramina palatina

71c
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The philtrum

of ijalate

minora, and are distributed to the palatine tonsil and palate, and anastomose with branches of the

ascending phar^Tigeal artery.

The largest branch, greater palatine artery, emerges through the foramen palatinum majus,

and runs forwards over the lateral margin of the hard palate, about J in. from the alveolar margin,

as far as to the foramen incisivum, where it anastomoses with the naso-palatine artery.

(2) Posterior nasal septal artery, a small vessel which enters through the foramen

incisivum.

(3j Ascending palatine artery, fi'om the external maxillary, ^vllich anastomoses by a ramus
tonsillaris with the descending palatine.

(4) Branches from the ascending pharyngeal artery, which enter the soft palate.

(5) Branches from the rami dorsales linguae of the lingual artery, which pass in the glosso-

palatine fold to the palatine tonsil and soft palate.

The nerves are all derived from branches from the spheno-palatine ganglion.

(1) Nervl palatini. The most important of these is the nervus palatinus anterior, which

passes through the foramen palatinum majus, and divides in the roof of the mouth into branches

which run in grooves on the hard palate, and extend forwards nearly to the incisor teeth.

The others are the nn. palatini medius and posterior, which emerge fi'om the foramina palatina

minora, and are distributed to the hard and soft palate.

(2) N. nasopalatinus (Scarpae). This nerve sends branches to the palate through the foi-amen

incisivum, which join with branches from the anterior palatine nerves.

For the motor nerves to the muscles of the soft palate, see p. 467.

The lymph-vessels of the palate pass lateral to the tonsil and the isthmus of the fauces to the

upper deep cervical lymph-glands.

Isthmus Faucium.—The isthmus of the fauces is the aperture through which

the mouth communicates with the oral part of the pharynx (Fig. 878). It is

bounded at the sides by the glosso-

palatine arches, above bj the inferior

surface of the soft palate, and below

by the dorsum of the tongue ; in width
it corresponds pretty closely to the

cavity of the mouth.
The arcus glosso - palatini (O.T.

anterior pillars of the fauces) are two
prominent folds of mucous membrane
which bound the isthmus of the fauces

on each side (Fig. 878). Each contains

a glosso-palatine muscle in its interior.

They are continuous above with
the inferior surface of the soft palate,

,a little way (about 8 mm.) anterior

to its free edge, and near the base of

the uvula, and they pass downwards
and slightly anteriorly to join the

side of the tongue a httle behind its

middle.

The arcus pharyngo- palatini (O.T.

posterior palatine arches) are two verti-

cal folds of mucous membrane which

It also show.s the two palatine arches, an.l the pharyngo- P^SS from the SOft palate tO the sidc

nasal isthmus, througli which the nasal part of the Wall of the pharynx. Each COntaiuS
pharynx, above, couimunicates with the oral portion a muSclc, the pharyngO-palatinuS.
of the pharynx, below.

^^^^ pharyngo-paktine arches are de-

scribed in connexion with the palatine tonsil (p. 1145).

Gingivae.—Tlie gums are composed of the red firm tissue which covers the

alveolar borders of the maxillae and mandible, and surrounds the necks of

the teeth. In structure they consist of dense fibrous tissue, inseparably united

to the periosteum, covered by mucous membrane. They are richly supplied

with blood-vessels, but sparsely with nerves, and are covered by stratified

squamous epithelium. Around the neck—or more correctly the base of the crown
—of each tooth, the gum forms a free overlapyjing collar, and at tliis part

particularly it is closely studded with small papillse, visible to the naked eye.

In thickness it usually measures from 1 to 2 mm.

Fig. 87c. -Oi'ii.N MOLTH SHOWING J-'ALATK AND
Palatine Tonsils.
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Permniicnt caiiiiiu

1st i>eniiaiient preiiiolar

2ii(l periiianent ]iroiiiolar

Isl iMTin.iiKMit moliir

i)Entp:s.

Each tooth is a calcitied papilla of the mucous lueiiiln-ane of the iiioutli, and
consists, like that membrane, of two chief portions—namely, tht? substantia ebumea
or ivory (( ).T. dentine) derivetl from the connective tissue, and the substantia adaman-
tina or adamant (U.T. enamel) from the L']»itlu!Hal layer of the muooiis niciulinine.

The substantia eburnea constitutes the cliief mass of the tooth, whilst the sub-

stantia adamantina forms a cap for the jiortion which projects above the ^um.
There is also found in the teeth another special tissue—the substantia ossea (O.T.

cement), a form of modified bone—encasing the roots, which are fonii<*d chiefly of

substantia eburnea.

Both ivory and "— • -• um^\ '\

adamant, but parti-

cularly the latter,

are the hardest and
most resistant struc-

tures in the body,

and are thus specially

fitted for tlie func-

tions which they
have to perform.

Dentes Decidui
and Dentes Per-

manentes (Decidu-

ous and permanent

teeth).—The mouth
of the infant at

birth contains no
teeth, although a

number, partly de-

veloped, lie em-
bedded in the jaws
beneath the gum.
Some six months
later, teeth begin to

appear, and by the

end of the second

year a set, known as

the deciduous teeth

(O.T. milk teeth),

twenty in number,
has been "cu t."

Then follows a pause

of about four years,

during which no

Mandibular
canal

•iw\ deciihious tnolar

1st deciduous molar

Mental forauieu

Fig. 879.

—

Teeth of a Child oveh Seven Yeaks old (nuMlilieil from Testut).

By tbe removal of the bony outer wall of the alveoli, the roots of the teeth which

have been erupted, and the pei inauent teeth which are still embedded in the

mandible and maxilla, have been exposed. The deciduous teeth are coloured

blue, the permanent teeth yellow. It will be seen that the first permanent

molars have appeared, the central and lateral deciduous incisors have been

replaced by the correspomling permanent teeth in the maxilla, but the

deciduous canine and molars have not yet been shed. In the mandible

the central deciduous incisor has been replaced by the permanent central

;

the lateral has not yet been shed, but its permanent successor is making its

way up to the surface on its lingual side. In addition, the canine and two

molars of the deciduous set persist. Tlie position of the crowns of the

jiermanent teeth between the roots of the deciduous molars, and the deep

situation occupied by the permanent canines, should be noted. Observe also

the absorption of the root of the lower lateral incisor.

visible change takes

place in the mouth, although in reality an active preparation for further develop-

ment is going on beneath the gum.

At the end of this period, namely, about the sixth year, the next stage in the

production of the adult condition begins. It consists in the eruption of four new

teeth—the first permanent molars—one on each side, above and below, behind those

of the deciduous set. This is followed by the gradual falHng out of the twenty teeth

which have occupied the mouth since the second year (Fig. S79), and the sub-

stitution for them of twenty new teeth, which take up, one by one, the vacancies

created by the dropping out of each of the deciduous set.. Finally, the adult condition

is attained by the eruption of eight additional teeth—the 2nd and 3rd molars-

two on each side, above and below, behind those which have already appeared.

All of these the permanent teeth—have appeared by the end of the twelfth or

thirteenth year, except the four dentes serotini (O.T. wisdom teeth), which are usually
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cut between the seventeenth and twenty-fifth year, but are often delayed until a

very much later period, and occasionally never appear.

The set of teeth which, as indicated above, begin to appear in the infant about
the sixth month, are known as the deciduous teeth (O.T. temporary, or milk teeth)

;

whilst those which succeed them and form the adult equipment are the permanent

teeth.

The deciduous teeth are twenty in number, and are named as follows in each jaw,

beginning at the median plane :—dentes incisivi, or incisor teeth, central and lateral

;

dens caninus, or canine tooth ; dentes molares, or molar teeth, first and second ; or

more briefly, two incisors, one canine, two molars. This is conveniently expressed

by the " dental formula " for the deciduous teeth in man, which shows the number
of each class of teeth above and below on
one side of the mouth, viz. :

—

i. f, c. 1, m. f = 20.

The permanent teeth, thirty -two in

number, are named dentes incisivi, or in-

cisor teeth, central and lateral ; dentes

canini, or canine teeth ; dentes praemolares,

premolar (O.T. bicuspid) teeth ; dentes

molares, molar teeth ; and are arranged
as follows in each jaw, beginning at the

median plane :—central incisor, lateral in-

cisor, canine, 1st premolar, 2nd premolar,

1st molar, 2nd molar, and 3rd molar or

dens serotinus (O.T. wisdom tooth). The
dental formula for the permanent set in

man is thus :

—

Crown

i. f , c. i, p7n. .-|, m. 32.

Bone
Substantia ossea

Alveolar periosteuni or root-membrane

Fig. 880.

—

Veutical Section of Canine Tooth,
to illustrate its various parts, ami its structure.

General Form and Structure. — A
tooth consists (Fig. 880) of (1) the corona

dentis or crown, the portion projecting

above the gum. It varies in shape in the

different teeth, and in all, except the

incisors and canines, bears on its masticating

surface a number of tubercles, the tubercula

coronae (O.T. cusps), varying in number from
two to five in the different teeth

; (2) the

coUum dentis or neck, the faintly constricted

part which is surrounded collar-wise by the

gum, and connects the crown with (3)

the radix dentis or root, the portion of

the tooth embedded in the alveolus of the jaw. In the majority of teetli,

namely, in aU except the molars, the root, as a rule, is single, or nearly so, and
consists of a long, tapering, conical, or flattened piece, perfectly adapted to the
alveolus in which it lies. In the molar teeth (and in some of the others occasionally)

the root is divided into two or three tapering or flattened roots or fangs. At the
apex of each root there can be made out, even with the naked eye, a minute
opening, the foramen apicis, through which the vessels and nerves enter the tooth.

When a section of a tooth is made (Fig. 880), it will be seen that the interior

of the body is occupied by a cavity of some size, called the cavum dentis or

tooth cavity, which is filled in the natural state by the soft and sensitive

tissue known as the pulpa dentis or tooth pulp. The tooth cavity gradually narrows,
and is prolonged into each root of the tooth as a slender tapering passage, the
canalis radicis (root-canal), which opens at the apical foramen already referred
to. Through these root-canals, which also contain some pulp, the vessels and
nerves, which enter at the apex, pass to the interior of the tooth.

Short diverticula of the pulp cavity are prolonged into the bases of the tubercles
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in the molar and premolar teeth, and in the incisors also there are similar slight
prolongations of the cavity towanls the angles of the crown.

The roots of the teetli are emheddoil in the alveoli or sockets of the jaws, to

which they are accurately adapted, and tirmly united (Fig. 880) hy a highly
vascular layer of connective tissue— tlio periosteum alveolare. This is attached
to the wall of tlio alveolus on the one hand und to the root of the tooth on the
other, whilst ahove it is continuous with the connective tissues of the gum.

So accurately are the root and the alveolus adapted to each other over their

whole extent, and so tirmly does the periosteum bitul them together, that, under
normal conditions, the tooth is quite tinnly fixed in the bone, and no movement
of the root within the alveolus can take i)lace ; the vessels and nerves entering at

the apex are thus secured against pressure or strain.

When, however, tlie alveolar peiiosteuui is iuflauied it becomes awoUen ami e.x<iui.silely heii«i-

tive ; the tooth, as a result of the swelling, is pushed partly out of ita socket, it« crown jjroject*

above those of its neighboui-s, and strikes against the ojjposing tooth when the mouth is cloeed,

giving rise to much i>ain and discomfort.

The neck, although the term is useful, can scarcely be recognised as a distinct constriction in tlie

permanent teeth ; it corresponds to the line along wliich the gum and alveolar periosteum meet,
or along which the gum is united to the tooth ; but, as already pointed out, the gum does not

stop at the neck, but forms a liee fold which surrounds the base of the crown collar-wise for a

short distance. The outline of the margin of the gum opposite the labial and lingual eurfacea of

the crowai is usually concave, but opposite the contact surfaces of the tooth it is convex, and
reaches much nearer to the edge of the crown than on the other surfaces.

In the incisors and canines the tooth cavity, which is alxiut ^ to \ the diameter of the tooth,

passes very gradually into the root-canal (Fig. 880), so that it is difficult to say where one ends

and the other Ixigins. The reverse is the case in the molars, whilst the premolars are somewhat
variable in this respect.

Tartar is a hard calcareous deposit from the saliva (salivary calculus), often found on the teeth

near their necks. It is composed of lime salts, and its deposit is largely determined by the

presence of organisms (leptothrix, etc.) in the mouth.

DENTES PERMANENTES.

The permanent teeth (Figs. 881 and 882) are thirty-two in number, sixteen

above and sixteen below, or eight in each half of both jaws ; and, although they

can be grouped under four heads—incisors, canines, premolars, and molars—the

individual teeth differ so much in their characters that each tooth requires a

separate description.

Descriptive Terms.—Before describing the permanent teeth, it ia requisite that

certain terms which are employed to denote the surfaces of the teeth should be defined.

This is a matter of some importance, seeing that the terms medial and lateral, anterior

and posterior, cannot, owing to the curvature of the dental arches, be properly applied

to all the teeth in the same sense^ The terms given below have been adopted seeing that

they are free from the danger of misconception.

The part of a tooth which comes in contact with the teeth of the opposite jaw is known

as the fades masticatoria (grinding or masticating surface) (Fig. 883). The surface in

contact with or looking towards its predecessor in the row is known as the fades medialis

in incisors and canines, fades anterior in premolars and molars ; the opposite surface,

namely, that which looks towards its successor in the row, is known as the fades lateralis

in incisors and canines, fades posterior in molars and premolars. The surface which

looks towards the tongue is the fades lingualis (lingual surface ,
and that looking m

the opposite direction, i.e. towards the lips and cheek, the fades labialis (labial surface).

The portion of a tooth which touches its neighbour in the same row is known as the

fades contacta (contact surface).

Dentes Incisivi (Figs. 881 and 882).—The incisor teeth, four in number in

each jaw, are used specially for cutting the food, hence their name. The crown

of each is chisel-shaped, and presents a labial surface which is convex m aU

directions, a concave liugvial surface, and a chisel-like edge, which, when first

cut, is surmounted by three small tubercles separated by two grooves. These

tubercles, however, are soon worn do^^•n, and the edge becomes straight or nearly

so. OwincT to the fact that the uppsr incisors overlap those in the mandible, the



1116 THE DIGESTIVE SYSTEM.

cutting edge is worn away, or becomes bevelled, on the lingual aspect in the

former, but on the labial aspect or summit in the latter. The upper, and par-

ticularly the central upper incisors, are of large size, and slope somewhat forwards

;

whilst the lower incisors, all of nearly equal size, are much smaller—being

2nd molar

3rd molar 1st molar

2nd premolar Canine Central Incisor

I

1st premolar (tw Lateral incisor

3rd molar 1st molar I 1st premolar i*' Lateral incisor
|

2nd molar 2nd premolar Canine Central incisor

Fig. 881.

—

The Permanent Teeth of the Eight Side, Labial Aspect.

The upper row shows the upper teeth, the lower row the lower teeth. The wide vertical "labial ridge " is

distinct on the upper canine and premolar teeth.

the smallest of all the teeth—and are placed vertically. The roots of the incisors

are single, though a groove is occasionally seen on each side, suggesting a division.

The central upper incisors are very mucli larger than the lateral upper incisors (Fig. 881), but in

the mandible the opposite is the case, the lateral incisors being slightly the larger. In all incisors

Central incisor Canine 2nd premolar 2nd molar

3rd molar

Lateral incisor f Ist premolar | 1st molar 3rd molar

Central incisor Canine 2nd premolar 2nd molar

Fig. 882.—The Permanent Teeth of the Right Side, Lingual Aspect.

The upper row shows the upper teeth, the lower row the lower teeth. The cingulum is distinct on tlie upper

incisors and both canines, the lingual tubercle on the upper lateral incisor and the upper canine.

the lateral angle of the crown is more rounded than the medial. The concave lingual surface

of the crown in the upper incisors is usually limited towards the gum by a A-shaped ridge

(Fig. 882), known as the cingulum. The two limbs of the A are continued up along the sides

of the lingual surface, whilst the apex is turned towards the gum ;
and here, particularly in

the lateral incisor, there is often developed a small lingual tubercle (Fig. 882). The cingulum is

rarely found on the lower incisors.

The roots of the upper incisors and canines are conical and rounded (the lateral incisors and

canines not so distinctly as the central incisors) (Fig. 881), whilst those of the mandible are

flattened from side to side (medio-laterally).
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Dentes Canini.— In the four canine teeth, whicli succeed the incisors in each

row (Figs. 881 and (S86), the crown is large and conical, corresponding closely in

general ibrm to a very large central incisor with its angles cut away, so that

the crown assumes a pointed or conical shape. The labial surface is convex,

the lingual usually somewhat concave. The root is single and long, particularly

in the upper canine, the root of which is longer than that of any other tooth,

and produces the canine eniinence on the anterior surface of the maxilla. The
upper canines are larger than the corresponding lower teeth, behind which they

bite ; and they are sometimes known as the " eye teeth."

Tlie ui)pcr canine jtrosents on its lingual surface a well-marked cinguluni, and often a distinct

lingual tuluTcle; in addition, there is usually a median ridge running from the point of the crown

to the apex of the cingulum, which is separated from the lateral part of the cingulum on each

side by a slight depression. These points are neither so well marked, nor so constant, in the

lower as in the upper canine.

Of the two margins sloping away from the apex of the crown, the lateral is the longer in both

teeth. After it lias been a little worn the lower canine is less distinctly pointed than the upper
;

its root is also more flattened. On the labial surface of the crown, of both canines and premolars,

a wide low vertical ridge (labial

ridge) can generally be made out

(Fig. 882) ; it is most distinct on
the canine and first upper pre-

molar.

Korameii incisivuiii I'etite.s inciifivi

Dens caninus

Spin.i nasalis .V. ^1^^
posterior \ "^^^ ^

Foramen i

^
pnlatinuni niajns

Suiura palatina tiaiisversa

Fk;. SS3.

—

The Hauo Palate and Upper Permanent Teeth,

VIEWED FROM BELOW.

Dentes Praemolares Ugf i ^ '

/ 1L ' i i).ntHsi.nviu„iares

(Figs. 881 and 882). — The
premolar teeth, eight in

number, two in each jaw
above and below, are placed

posterior to the canines, and
anterior to the molars, as the

name indicates. The crown,

which, unlike that of the

incisors and canines, is flat-

tened autero - posteriorly, is

characterised by the presence

of two tubercles (O.T. cusps)

(Fig. 883). One of the

tubercles, the larger, is placed

on the labial, the other on

the lingual side. The labial and lingual surfaces are both convex. The root

is single, but it is, as a rule, flattened antero- posteriorly and grooved, showing

in this a tendency to division, which often actually takes place in the first

upper premolar. The upper premolars are easily distinguished by the fact that

their two tubercles are large and are separated from one another by a distinct

antero-posterior fissure (Fig. 883) ; whilst in the lower premolars, on the other

hand, the separation between the two tubercles is not effected by a continuous

fissure as in the upper teeth, but by two dimple-like depressions separated by
a ridge w^hich joins the two tubercles (Fig. 884). In the upper premolars, there-

fore, the two tubercles are separated by a fissure, in the lower they are united by
a ridge.

The first ujiper premolar is often slightly larger than the second ; the revei-se is the case in

the mandible. The labial surface of the crown is iisually somewhat larger than the lingual

surface in all premolai-s. As a general lule in the lower premolars the labial surface of the

crown is sloped medially near the masticating surface. The first can usually be distinguished

from the second by the fact that, while the lingual tubercle and surface are smaller than the

labial in the first premolar, they are nearly of the same size in the second. In addition, the

root of the first upper premolar is bifid or nearly so, and its labial ridge is fairly distinct, but
is indistinct in the second. In the fii-st lower premolar the lingual tubercle and surface are very

small, in fact the tubercle is quite rudimentaiy. It shi»uld, however, Ije added that it is often

extremely difficult to identify the various premolars.

Dentes Molares.—The molar teeth are twelve in number—three on each side
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above and below—and are distinguished as first, second, and third molars. The
last in each jaw is also known as the dens serotinus. All the molars are charac-

terised by the large size of the crown and the possession of three or more trihedral

tubercles on the masticating surface (Eigs. 883 and 884). They are the largest

of all the teeth, but they diminish in size, as a rule, from the first to the third.

In shape the crown is more or less quadrangular, with convex labial and lingual

surfaces. The roots are either two or three in number, but frequently in the last

molars they are united to a varying degree.

The molars of the maxilla and mandible differ so considerably in their further

details that they must be considered separately. They may be most readily dis-

tinguished from one another by the fact that normally the upper molars possess

three roots (Eigs. 881 and 882), whilst the lower molars have two at most. The
number of tubercles, though not so reliable a guide as the form of the root, is also

generally sufficient to distinguish them. In the upper molars there are either

three or four tubercles, whilst in the lower the number is most commonly five

(see, however, below).

In the upper molars, the crown, viewed from the masticating surface (Fig. 883),

is rhomboidal in shape {i.e. quadrangular with the angles not right angles). The
labial and the lingual surfaces are convex. The number of tubercles is either four

or three. On the first there are invariably four—two on the labial and two on

the lingual side—the anterior lingual of these being connected with the posterior

labial by an oblique ridge (Eig. 883), which is also found on the second and third

molars when these bear four distinct cusps. The second upper molar has either

four or three tubercles in about an equal^ proportion of European skulls, whilst in

the third the number is much more frequently three than four. The roots in the

upper molars are three in number (except, occasionally, when the three roots of

the third are confluent), two being labial, and the third lingual (Eigs. 881, 882,

and 885).

In the lower molars, the crown, viewed from above (Eig. 884), is somewhat
cubical. The labial and lingual surfaces are convex, as in the upper molars. The
first, as a rule, bears five tubercles, two being on the labial side, two on the lingual,

and the fifth behind and lateral, that is, between the two posterior tubercles and
somewhat to the labial side. The second has usually only four tubercles ; a fifth,

however, is sometimes present. The third has either four or five, the former

number more frequently than the latter.

The roots of the lower molars are two in number, each wide, grooved, and
flattened antero-posteriorly. One root is anterior, the other posterior, and both

are usually recurved in their lower portions (Eig. 885). As in the corresponding

teeth of the maxilla, the roots of the lower last molars are often more or less

united into a single mass.

The chief characters of the upper and lower molars may be summarised thus :

—

The first molar is u.sually larger than the second, and the second than the third. The
upper molars are directed downwards and laterally ; whilst the lower molars, which the former
partly overlap, slope upwards and medially, with the result that the labial tubercles of the lower
molars lie in the groove separating the lingual from the labial tubercles of the upper teeth

(Fig. 886, p. 1120). As a result of this overlapping, the labial edge of the crown is sharp and
the lingual edge rounded in the upper molars ; whilst the lingual edge is sharp and the labial

edge rounded in the lower set.

The fissures which separate the cusps on the grinding surfaces of the molar teeth are generally

continued as faint grooves on the labial and lingual surfaces.

Upper Molars.—The crowns, as already stated, are rhomboidal in shape, and when viewing
their masticating surfaces, as in Fig. 883, if the planes of separation between them be prolonged,

they would strike the median plane near the posterior part of the hard palate ; in other words,

their anterior and posterior surfaces are not in transverse but in oblique planes, sloping

strongly postero-medially, and converging in that direction. A knowledge of this is useful in

determining the side to which an upper molar belongs, as is the fact that the anterior labial root

is broader than the posterior (Fig. 882).

As regards the number of tubercles (Fig. 883) :—The first upper molar has four tubercles in

practically all skulls (99 per cent) ; occasionally, indeed, another, but very rudimentary, tubercle is

present on the lingual side of the antero-lingual tubercle. The second molar has either three or

four in an almost equal proportion of Europeans, but more frequently four, taking the teeth of

all nations together. (According to Topinard, four are present in 66 per cent, of all races,
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and in 58 per cent, of European, Semitic, and Egyptian HkuUa ; according to Ziickcrkandl, in
73-5 per cent, of tlie lower races and 456 i)er cent, of Euroj)ean8.) Tlie third ui)per molar lia-s thVee
tubercles much more frequently than four amongst Europeans (four only in 36 percent, although
it has four more frequently in certain lower races). It should Ije rcmarki-d that, while there
are practically always four tubercles in the first molar, still there is a tendency to the disapiiear-
ance of the postero-lingual one, which tendency grows more pronounced as we pass Ijackwards
to the second and third molaiB. The other tubercles are practically constant.

The three roots of the ui)per molars (Figs. 881, 882, and 885) are, a large palatine,
subcylindrical in shaj)e, and two labial roots, smaller and flattened from Ixtfore back-
wards. The })alatine root, which is placed opposite the jjosterior labial root, is often united
to one of the othei-s. The lower part of the nmxillary sinus generally extends down
between the palatine and the two labial roots (Fig. 879, p. 1113), but the latter i)roject on ita
floor more frequently than the palatine root. In the last molars the three roots are frequently
more or less united into a single conical process (Fig. 881).

Lower Molars.—The crowns are more massive than those of the upper molars, and are
elongated antero-posteriorly (F'ig. 884). A crucial groove separates the four chief tubercles from

Central incisor

/ Jjateral incisor

/Canine

lnt premolar

2nd premolar

— Ist molar

molar

3r(l molar

Fig. 884.

—

The Lower Permanent Teeth, ^^EWED from above.

one another ; this bifurcates behind to enclose the fifth, which lies slightly to the labial side

of the middle of the tooth. The number of tubercles present in the lower molars is as follows:

—

The first has usiially five (62 per cent, of all races, 61 per cent, of Europeans) ; the second has

four, as a rule (five in only 24 per cent, of all skulls) ; the lower dens serotinus has four a little

more frequently than five (five in 46 per cent, of all skulls), but like the upper last molar tooth

it is extremely variable.

The roots of the lower molars (Fig. 881), two in number, are flattened from before backwards,

and very wide. The anterior of these has two root-canals ; the posterior but one (Fig. 885).

The dens serotinus has commonly two roots like its fellows ; occasionally the two are UTUted. In

determining the side to which a lower molar belongs, it should be rememl)ered that the deep

part of the root is generally curved backwards, and also that the blunter niargin of the crown

(see above) and the fifth tubercle, if present, are on the labial side.

Arrangement of the Teeth in the Jaws.—The teeth are arranged in each jaw

in a curved row—the arcus dentalis—of approximately a semi-oval form (Figa

884 and 885). The curve formed by the upper teeth, arcus dentalis superior,

however, is wider than that formed by the lower set, arcus dentalis inferior, so that

when the two are brought in contact the upper incisors and canines overlap their

fellows in front, and the la])ial tubercles of tlie upper premolars and molars overlap

the corresponding ones of the lower teeth (Fig. 886, p. 1120). It will also be

seen that, as a rule, the teeth in one jaw are not placed exactly opposite their

fellows, but rather opposite the interval between two teeth, in the other jaw
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This arrangement is brought about largely by the great width of

the upper central incisors as com-
pared with their fellows of the

mandible, which throws the upper
canines and the succeeding teeth

into a position behind that of the

same - named teeth of the lower

set. But as the lower molars are

larger in their antero- posterior

diameter than those of the upper
row— and this remark applies

particularly to the third molars

—the two dental arches terminate

behind at approximately the same
point.

The upper dental arch is said to

form an elliptical, the lower a parabolic

curve (Figs. 884 and 885). The line

formed by the masticating surfaces of

the iipper teeth, as seen on profile view
(Fig. 886), is usually somewhat convex,

owing largely to the failure of the

third molar to descend into line with
the others. Similarly the line of the

lower teeth is as a rule concave.

In both jaws the crowns of the front

teeth are higher (longer) than those of
Fig. 885.— Horizontal Sections through both the Max-

^^le molars
ILLA AND Mandible to show the roots of the teeth. The
sections were carried through the bones a short distance

from the edge of their alveolar borders. The upper figure

shows the upper teeth, the lower figure the lower teeth.

Note the flattened roots of the lower incisors, the two
root-canals in the anterior root of each lower molar, and
the confluence of the three roots of the upper last molars.

Period of Eruption of the Per-

manent Teeth.— Although there

is considerable variety in the

dates at which the various per-

manent teeth appear above the

gums, the order of eruption is practically constant in different individuals, and
is as follows :—Before any of the

deciduous teeth are lost the first

permanent molars appear behind

the 2nd deciduous molars. Next,

the central deciduous incisors fall

out, and their places are taken by
the permanent teeth of the same
name ; then follow the remaining

teeth in the following order

:

Lateral incisors, Ist premolars, 2nd
premolars, canines, 2nd molars,

and 3rd molars. It will be ob-

served that the eruption of the

canine is delayed until the two
premolars, which succeed it in the

row, are cut, so that it breaks the

otherwise regular order of eruption.

The Ist molar is sometimes popu-
larly known, owing to the date of

its eruption, as the "six-year-old
p,Q ggg

tooth," and the 2nd molar as " the

twelve-year-old tooth."

The dates at which the erup-

tion usually takes place may be
simply stated as follows for the lower teeth ; those of the upper jaw appear a little

later :

—

To show the relation of the upper to the lower

teeth when the mouth is closed. The manner in which a

tooth of one row usually strikes against two teeth of the

opposite row, and the resulting interlocking of the teeth,

are to be noted.
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Ist molars appear soon after tlie Gtli year.

Central incisors appear soon after the 7th year.

Lateral ,, „ ,, yth

1st premolar ,, ,, 9th ,,

2ik1 „ „ „ 10th „
Canine ,, „ ,, 11th ,,

2nd molar „ „ 1 2th „

3rd ,, ,,
froiii the 17th ,, to 21st year, or even liitcr.

Variations in the Number of the TeetL—Tlie prcstuce of an aiMitional UxAh is hy no
means uncoinnion. It may apjiear in connexion with tlio incisor, prt-niolar, or tlie molar groups.

A distinction is drawn between " supernumerary " or imperfect addition.s to the dentition and
"supplemental" teeth which correspond in size with tho.se with which they are .'ls.so< iated.

When a supplemental inci.sor appeai-s it has an interesting hearing ujx>n the solution of the

much -debated ])oint as to which incisor has disappeared from the primate dentition. A
fourth molar is occasionaUy present.

The deciduous teeth (O.T.

ten above and ten below, or

incisors, one canine, and two
molars. They may be dis-

tingui.shed from the permanent
teeth by their smaller size,

their well-marked and con-

stricted necks, and, in the case

of the molars, by the wide

divergence of their roots (Fig.

887). Otherwise they corre-

spond 80 closely to the same-

named teeth of the permanent
set, that they require no separ-

ate description, except in the

case of the molars. The first

upper molar has but three

tubercles on its crown—two
labial and one palatal ; the

first lower molar has four

—

two labial and two lingual,

and the crowns of both are

flattened from side to

The second molars of the max-
illa have four, those of the

mandible five tubercles each.

In every case the second are

Dentes Decidui.

temporary or milkj are twenty in number,

five in each half of each jaw— namely, two

Ist molar

Canine

Lateral incisor \

Central incisor

Uitral incisor >|

lateral incisor

•2nil molar
crown

-2nd molar

2nd molar

'Jnd molar
crown

1st molar

Fig. 887.—The Deciduous Tekth of thk Le>t Side.

side Tb'i masticating surfaces of the two upper molars are shown above,

lu the second row the upper teeth are viewed from the outer

or labial side. In the third row the lower teeth are shown

in a similar manner ; and below are the masticating surfaces

of the two lower molars. In the specimen from which the

first upper molar was drawa the two labial tubercles were not

distinctly separated, as is often the case.

much larger than the first

molars. The tubercles are sharper and are separated by deeper fissures or fossae

than those of the permanent teeth, whilst the roots of the deciduous molars,

except for their greater divergence, agree with those of the permanent set.

The marked constriction at the neck of the deciduous teeth (Fig. 887) is due to a great tjiicken-

ing of the cap of adamant on the crown, and its abrupt termination as the neck is reached. The

adamant, too, is much whiter as a rule than in the permanent teeth. It should be added

that the labial surface of the canines and molars dei)arts very markedly from the vertical

;

it slopes strongly inwards towards the mouth cavity as it approaches the masticatory surface of

the crown, which latter is, as a result, much reduced in width.

The divergence of the roots in the deciduous molars allows the crownis of the permanent pre-

molars to fit in between them before the former molars are shed.

72



1122 THE DIGESTIVE SYSTEM.

Stkucture of the Teeth.

Adamant

Crow

Xeck

As mentioned above, the teeth are composed of three special tissues, substantia adaman-
tina or adamant (O.T. enamel), substantia eburnea or ivory (O.T. dentine), and sub-

stantia ossea (O.T. crusta petrosa or cement), in addition to the pulp which occupies

the tooth cavity. The chief mass of the tooth is formed of substantia eburnea, which
surrounds the tooth cavity and extends from ci'own to root ; outside this is a covering

of substantia adamantina on the crown, and a layer of substantia ossea on the root. .

The substantia adamantina is the dense, white, glistening layer which forms a

cap, thickest over the tubercles, for the portion of each tooth projecting above the

gum (Fig. 888). At the neck it ceases gradu-

ally, being here slightly overlapped by the sub-

stantia ossea.

It is composed chiefly of phosphate and carbon-
ate of lime (phosphate of calcium, 89'82 per cent.,

carbonate of calcium, 4'37 per cent., magnesium
phosphate, 1"34 per cent., a trace of calcium fluoride,

other salts, "88 per cent.), and has generally been
considered to contain about 3'6 per cent, of organic

substance ; but Tomes has recently shown this to

be inaccurate :
" That which has heretofore been

set down as organic matter is simply water
combined with the lime salts. The substantia

adamantina is to be regarded as an inorganic

substance composed of lime salts, which have
been deposited in particular patterns and formed
imder the influence of organic tissues, which
have themselves disappeared during its forma-

tion."

The adamantine substance consists of calci-

fied microscopic prisms, prismata adamantina,
radiating from the surface of the ivory, on which

their inner ends lie, to the surface of the crown,

on which they terminate by free ends. These

prisms are hexagonal in shape, solid, and of

considerable length, for most of them reach

from the ivory to the surface of the crown

without interruption. The prisms, which are

calcified themselves, are held together by the

smallest possible amount of calcified matrix

(Tomes). In old teeth the cap of adamantine

substance is often worn away over the tubercles,

the ivory is then exposed, and is easily recog-

nised by its yellowish colour, which contrasts

strongly with the whiteness of the adamant.

Whilst adjacent adamantine prisms are in general parallel to one another, they do not

usually take a straight, but rather a wavy course, and in alternate layers they are often

inclined in opposite directions, thus giving rise to certain radial striations seen by

reflected light (Schreger's lines). Certain other pigmented lines, more or less parallel to

the surface, are also seen in the adamant (brown stride of Retzius). They are due to true

pigmentation (Williams), and mark the lines of deposit of the adamant during its develop-

ment. The adamantine prisms are more or less tubular in certain animals—viz., in all

marsupials except the wombat, in the hyrax, certain insectivora, and certain rodents.

Cuticula dentis fO.T. Nasnijrth's membrane) is an extremely thin {^xij) o^ ^" i°ch)

cuticular layer which covers the adamant of recently-cut teeth, and is very indestructible,

resisting almost all reagents. Two chief views are held as to its origin. One that it is

the last formed layer of adamant, which has not yet been calcified, and therefore the final

product of the adamant cells. The other that it is produced by the outer layer of cells of

the adamant organ. This latter seems to be the more probable view.

Substantia eburnea or ivory (O.T. dentine) is the hard and highly elastic substance,

yellowish white in colour, which forms the greater part of the mass of every tooth

(Fig. 888). Like the adamant it is highly calcified, but it differs from it in containing

Bon.-

Substantia ossea

Alveolar i>ei'iouteuiii or root-membrane

Fig. 888.

—

Verticai- Section ok Canine Tooth
to illustrate it.s various parts, and its structure.
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a very considerable amount of organic matter and water iiiiorix;rated with its Haltn,
w hicli are chiefly phosphate and carbonate of lime.

Fresh human ivory contains 10 per cent, of water, 28 jicr cent, of orKHiiic and 62 per cent,
of inorganic material. Tin; organic matter is conjposed iliielly of collagen, ami to a Ie»w extent
of elastin. The organic matter consists of (1) calcium phosphate (with a trace of fluoride),

(2) calcnim carhonate, and (3) magin-sium i)ho.sphate, the percentages i)re.s.-iit in dried dentine
being 6672, 3-36, 1-08, respectively.

Ivory consists of a higlily calcified organic matrix, which is itself practically
structureless, although everywhere traversed by tubes— the canaliculi dentales, or
dentinal canaliculi—which give to this tissue a finely striated appearance, the strioj

usually riinuiug in wavy lines. The canaliculi begin by open months on the wall of
the pulp cavity, whence they run an undulating, and at the stime time a somewhat
spiral course, towards the periphery of the ivory. They give off fine anastomosing
branches, aiid occasionally divide into two. Somewhat reduced in size, they usually
end in the outer part of the ivory.

The canaliculi dentales are generally described as being lined by special sheaths
(dentinal sheaths of Neumann) which are composed of a most resistant material, and
possibly are calcified. It should be mentioned that the presence of these sheatlis as
separate structures is doubted by some authorities, who hold that the part described
as the sheath is only a modified portion of the ivory which forms the tubules.

The canaliculi dentales are occupied by processes, prolonged from the outermost cells

of the pulp—the odontoblasts. These processes are called after their discoverer, Tomes'
fibrils (dentinal fibrils), and they are probably sensory in function.

The concentric lines of Schreger, frequently seen in the ivory, are due to bends in successive

canaliculi along regular lines running parallel to the periphery of the ivory. Other lines

(the incremental lines of Salter), due to imperfect calcification, are found arching across the
substance of tlie ivory, chiefly in tlie crown. There must also be mentioned the interglobular

spaces, intervals left in the ivory, as a result of imperfect calcification, bounded liy the fuUy
calcified surrounding tissue, the contour of which is in the form of a number of small projecting

globules. These interglobular spaces are very numerous in the outer or "graiudar layer" of the

ivory, particidarly beneath the osseous substance.

The substantia OSSea (O.T. cement) is a layer of modified bone which encases the

whole of the tooth except its crown. It begins as a very thin stratum, slightly

overlapping the adamant at the neck. From there it is continued, increasing in

amount, towards the apex, which is formed entirely of this substance. It is relatively

less in amount in the child, and increases during life. In places the ivory seems to

pass imperceptibly into the substantia ossea, the "granular layer" marking the junction

of the two, and some of the canaliculi dentales are continuous with the lacuna) of the

substantia ossea. Like true bone, it is laminated, it possesses lacunee, canaliculi, and,

when in large masses, it may even contain a few Haversian canals.

The puipa dentis occupies the tooth cavity and the root-canals of the teeth. It

is composed of a number of branched connective tissue cells, the anastomosing proces-ses

of which form a fine network, containing in its meshes a jelly-like material, in addition

to numerous vessels and nerves, but no lymph-vessels. The most superficial of these

cells are arranged in the young tooth as a continuous layer of cohunnar, epithelium-

like cells, lying on the surface of the tooth pulp against the ivory ; they are known

as odontoblasts, for they are the active agents in the formation of the ivory. From the

outer ends of these odontoblasts processes are continued into the canaliculi dentales,

where they have been already referred to as Tomes' fibrils. The vessels of the tooth

pulp are numerous, and form a capillary plexus immediately within the otlontoblasta.

The nerves form rich plexuses throughout the pulp, but their exact mode of ending

is unknown.
The periosteum alveolare is a layer of connective tissue free from elastic fibres,

but well supplied both with blood-vessels and nerves, which fixes the root of the tooth in

the alveolus, being firmly united by perforating filircs of Sharpey, to the substantia

ossea on the one hand, and to the bone of the alveolus on the other. It estab-

lishes a commimication between the bone of the jaw and the substantia ossea, and it

is continuous with the tissue of the gum. Its blood comes chiefly from th^ arteries,

which subsequently enter the apical foramina for the supply of the tooth pulp, but in

part also from the vessels of the surrounding bone and of the gum (hence the relief

obtained in dental periostitis by lancing the gum).
72 a
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LINGUA.

The tongue is a large mobile mass, which occupies the floor of the mouth
and forms the anterior wall of the oral ^Dart of the pharynx (Fig. 889). It is

composed chiefly of muscular tissue, and is covered by mucous membrane.

Whilst the sense of taste resides chiefly in its modified epithelium, the tongue

is also an important organ of speech, and, in addition, it assists in the mastica-

Jliddle concha

Middle meatus of nose ^

inferior meatus
of nose

Superior meatus of nose

Sphenoidal sinus

Inferior concha

Posterior edge of nasal septum
Orifice of aiiditory

tube

Bursa pharyngea

Part of the
pharyngeal tonsil

Recess of pharynx

Toras levatorius

Salpingo-
pharyngeal fold

Glands in soft

palate

Giosso-
palatine arch

-_ Supra-tonsillar
fossa

Plica triangularis

Palatine tonsil

Pharyngo-palatine
arch

Genioglossus

Genio hyoid

Epiglottis

Arj'^teno-

epiglottic fold

Cricoid cartilage

Fia. 889,—Sagittal Section through Mouth, Tongue, Larynx, Pharynx, and Nasal Cavity.

The 'section was slightly oUique, and the posterior edge of the nasal septum has been preserved.

The specimen is viewed slightly from below, hence the apparently low position of the inferior

concha.

tion and deglutition of the food—functions which it is well fitted to perform,

owing to its muscular structure and great mobility. In length it measures

about three and a half inches (9 cms.), when at rest, but both its length

and width are constantly varying with every change in the condition of the

organ, an increase in length being always accompanied by a diminution in width,

and vice' versa.

In describing the tongue we distinguish the following parts : the corpus linguae

(body), made up chiefly of striped muscle, and forming the mass of the organ ; the

dorsum lingua (Fig. 890), which looks towards the palate and pharynx, and is free
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in its whole extent ; the base, tlio posterior wide end whicli is attaclicd to the hyoid
bone ; the apex linguae, the pointed and free anterior extremity ; the margo
lateralis, which is free in its anterior half or more, i.e. in fnnit of the attach-

ment of tlie anterior palatine arch (Fig. 890). Finally, the unattached portion

on the inferior aspect, seen when the apex i.s turned strongly upwards (Fig. 892),
constitutes tiie facies inferior, or inferior surface; whilst the thick posterior portion,

fixed l)y muscles and mucous membrane to the hyoid bone and mandible, is known
as the radix linguae or root.

The dorsum of the tongue, when the organ is at rest, is strongly arched

antero-postcriorly in its whole length (Fig. 889), tlie greatest convexity correspond-

ing to the attachment of the glosso-palatine arch. When removed from the body

Internal jugular vein

Accessory nerve
Digastric muscle

Hypoglossal nerve

I

Internal carotid artery

I

Vagus nerve

I Sym]>athetic trunk
Ascending pharyngeal artery

Stylo-hyoi

Glosso
pharyngeal nerv.

Parotid gland

Posterior facial

vein

External carotid
artery

Styloglossus

Ascendiny
palatini artery

Internal pterygoid

Epiglottis

Olosso-epiglottic
fold

Masseter-

Pharyngeal portion

of tongue

Retro-phoryngeal
lymph gland

Superior
constrictor muscle

Pharyngo-palatine
arch

Palatine tonsil

Pharyngo-epiglottic
fold

Glosso-palatine——
' arcli

Vallate papillx

Raphe of tongue

Conical papillip

Fungiform papilla

Buccinator

Fungiform papilla

Fig. 890.—Horizontal Section thkouuh Mouth and Phauynx at the Level of the Pai.atine Tonsils.

The stylopharyngeus muscle, which is shown immediately to the medial side of the external carotid artery, and

the prevertebral muscles, are not indicated by reference lines.

the tongue, unless previously hardened in situ, loses its natural shape, and

appears as a flat, elongated oval structure, which gives a very erroneous idea of its

true form and connexions.

Both in structure and in function, as well as in embryological history, the

dorsum lingute is divisible into two areas—an anterior or oral part, whicii

lies nearly horizontally on the floor of the mouth, and constitutes about two-thirds

of the lencrth of the whole tongue (Fig. 890) ; and a posterior or jyhari/ngeal part,

the remaining third of the organ, which is placed nearly vertically, and forms the

anterior wall of the oral pharynx (Fig. 889). The separation between these two

parts which differ in appearance as well as in direction, is indicated by a distinct

V-shaped groove, called the sulcus terminaUs (Fig 890), the apex of which is
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directed backwards, and corresponds to a depression on the surface of the

tongue, the foramen csecuin, whilst its diverging limbs pass laterally and forwards

towards the attachments of the glosso-palatine arch. The foramen csecum is

the remains of a tubular dowugrowth formed early in embryonic life, in the

floor of the primitive pharynx, from which the isthmus of the thyreoid gland
is developed (see p. 44).

The anterior portion presents a velvety surface and is covered with innumerable
papillae ; the taste-buds are situated in it, and it is horizontal in position. It

is developed from the tissues of the floor of the pharynx behind the first visceral

arch. The posterior portion, on the other hand, has a smooth glistening surface,

contains numerous serous glands and small lymph follicles, and is more vertical

in position. It is developed from the tissue covering the ventral ends of the

second and third visceral arches (see p. 45).

The anterior or oral portion of the dorsum linguae (Fig. 890) is convex,

both from before backwards and from side to side in the resting condition of

the organ (Fig. 893). It usually presents a slight median depression, sulcus

medianus, in the form of an irregular crease, which ends posteriorly near the

foramen caecum. The mucous membrane of this portion of the dorsum is thickly

covered with the prominent and numerous papillae linguales which give this portion

of the tongue its characteristic appearance.

On the pharyngeal part of the tongue there are also small papillary projections of the

corium, but the epithelium fills up all the intervals between the papillse, and, as it were, levels

off the surface, so that none are visible to the eye as projections above the general level. Over
the anterior part of the tongue, on the contrary, the projections of the corium are large and
prominent, and the intervals between them, while they are covered, yet are not filled up, by the

epithelium, so that the projections stand out distinctly and independently, and in places attain a

height of nearly 2 mm. above the general surface.

The posterior or pharyngeal portion of the dorsum linguae (Fig. 889), nearly

vertical in direction, forms the greater portion of the anterior wall of the oral

part of the pharynx (Fig. 890). Its surface is free from evident papillae, but is

thickly studded with rounded projections, each presenting, as a rule, a little

pit, visible to the naked eye, at its centre; the great majority of these folliculi

linguales (lingual follicles. Fig. 889), are similar to the lymph folhcles found in

the palatine tonsils ; some few are said to be mucous glands ; all are covered by a

smooth mucous membrane, and they combine to give to this region a characteristic

nodular appearance. To this collection of follicles the name tonsilla lingualis

is applied.

The mucous memhrane of this portion of the tongue is separated from the

muscular substance by a submucous layer in which the lymph follicles and the

mucous glands he embedded (Fig. 893). At the sides it is continuous with
the tunica mucosa covering the palatine tonsils and the side wall of the pharynx

;

whilst posteriorly it is reflected on to the front of the epiglottis, forming in the

middle line a prominent fold, the plica glosso-epiglottica (Fig. 889), at each side

of which is a wide depression, the vallecula.

On each side is a pharyngo-epiglottic fold, which passes from the side of the epiglottis,

upwards along the wall of the pharynx, upon which it is soon lost.

Papillae of the Tongue (Fig. 891).—These are formed by variously shaped

projections of the corium of the mucous membrane, covered by thick caps of epi-

thelium. They are of three main varieties : 1, Conical and filiform (papillce conicce,

p. filiformes) \ 2, Fungiform and lenticular {papillcB fungiformes et p. lenticulares)

;

and 3, Vallate and foliate (papillce vallatm et p. foliatce).

The conical and filiform papillae (Fig. 891) are the smallest and most numerous,
forming as they do a dense crop of minute projections all over the anterior two-

thirds of the dorsum, and also upon the superior part of the margin and tip, of the

tongue. Posteriorly they are arranged in divergent rows running laterally and
forwards from the raphe, parallel to the hmbs of the sulcus terminalis. More
anteriorly, the rows become nearly transverse, and near the tip irregular. Each
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papilla is composed of a couical projection of the corium, covered with microscopic
papillfe like those of the skin, and covered by a thick long cap of stratified squamous
epithelium.

In many of them the cap of epithelium is hrukeu up into several lonj^ slender Imir-Hke
processes, <,'ivin<,' rise to the variety known as Jiliforvi pupilhf. The cap of epitheUum is

being constantly shed and renewed, and an excessive or diinini»he<i rate of shedding or
renewal, coupled with the presence of various fungi, gives rise to the several varieties of
"tongue'' found in different diseases.

The conical papilla) are longer and larger than the filiform, and have a wider base.
They are situated on the dorsum among the filiform papilhe, and resemble them in their
structure.

The conical and filiform papilhe are probably of a prehensible or tactile nature, and
are highly developed, and horny, in carnivora.

Tlie fungiform and lenticular papillae (Fig. 890) are larger and redder, but less

numerous than the first variety, and they are found chiefly near the tip and
margins of the tongue, comparatively few being present over the dorsum generally.

Valluiii around F^oose i>i)jtheliiim on
papilla surface ol papilla co^iica Stratified epl-

Epitlit^liiim of '. llielial cip Conneitive tisHue

Taste- bud
Serous gland

Epithelium coverinj
papilla of coii'i

summit of \ "v . ooriiim

vallate i)apilla

I

Glamiiila Uiigualis Muscle tfifcue

Blood-vessel

A Fig. 891. B

A. Section of a papilla vallata of tongue. B. Section of papUlie conicffi of tongue.

Each is in shape like a " pufif-ball " fungus, consisting of an enlarged rounded head,

attached by a somewhat narrower base. As in the case of the conical papillae, the

corium is studded over with microscopic papilhe, which are buried in the covering

of squamous epithelium and do not appear on the surface. Most of the fungiform

papillte, if not all, appear to be furnished with taste-buds, and they are probably

intimately connected with the sense of taste. The lenticular papilla- are placed on

the margin of the tongue. They are flatter than the fungiform papilhT?, antl do

not contain taste-buds.

The vallate papiUae (O.T. circumvallate) (Fig. 891), much the largest ot all the

papilla of the tongue, are confined to the region immediately in front of the sulcus

terminalis and foramen cfficum. Usually about nine to fourteen m number, they

are arranc^ed in the form of the letter V, with the apex posteriorly, just in front

of and parallel to the sulcus terminalis. One or two of the papilhe are usually

placed at the apex of the V, immediately anterior to the foramen caecum. In appear-

ance a vallate papilla resembles very closely the impression left by the barrel

of a small pen pressed on soft wax (Fig. 891). Each is composed of a cyUndncal
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central part (1 to 2-5 mm. wide), slightly tapering towards its base, and flattened

on its crown, which projects a little above the general surface of the tongue. This

is surrounded by a deep, narrow, circular trench or fossa, the outer wall of which

is known as the vallum. The vallum appears in the form of an encircling collar

very slightly raised above the adjacent surface (Fig. 891).

As in the case of the other forms, the vallate papillse are made up of a central

mass of corium, studded with numerous microscopic papillae on the crowns, but not

on the sides, and covered over, as are the surfaces of the fossa and vallum, by

stratified squamous epithelium. Into the fossae open the ducts of some small

serous glands (Fig. 891 A).

On the sides of the vallate papillae, as well as upon the opposed surface of

the vallum, are found, in consider-

able numbers, the structures known
as taste-buds, the special end-organs

of the nerves of taste.

Just anterior to the glosso-

palatine arch, on the margin, are

usually seen about five or six dis-

tinct vertical folds, forming the

folia linguae, which are studded with

taste-buds. They correspond to

the papillae foliatae on the side of

the tongue in certain animals

(rabbit, hare, etc.), in which they

form an important part of the

organ of taste.

The apex and the margin of

the tongue in front of the attach-

ment of the glosso-palatine arch

are free, and lie in contact with

the teeth when the tongue is at

rest.

The philtrum

Anterior gland of
tongue

Layer of muscle cut
to show the gland

Plica flmbriata

-Frenulum linguse

Duct of the submax-
illary gland

Ojjenings of ducts of

the submaxillary
gland

Sublingual gland

Plica sublingualis,

with openings of

ducts of sublingual

gland

On tlie superior half or more of the
margin and apex, papillae are present as

on the dorsum ; but on the inferior part
they are absent, and the surface is covered
by smooth mucous membrane.

Fio. 892.

—

Open Mouth with Tongue raised, and the
Sublingual and Anterior Lingual Glands exposed.

The sublingual gland of the left side has been laid bare by tlie

removal of the mucous membrane ; to expose the anterior

gland of the right side a thin layer of muscle, in addition

to the mucous membrane, has been removed. A branch
of the lingual nerve is seen running on the medial aspect

of the gland. The vena profunda linguie is faintly in

dicated on this side also.

The inferior surface of the

tongue, which is exposed by turn-

ing the apex of the organ upwards,

is limited in extent (Fig. 892),

and is free from visible papillae,

the surface being covered by a

smooth mucous membrane. Eun-
ning along its middle, except

near the tip, is a depression, from
which a fold of mucous membrane, the frenulum linguae, passes down to the floor

of the mouth, and on towards the posterior aspect of the mandible. At each
side of the frenulum, and a short distance from it, the large profunda linguae

vein is distinctly seen through the mucous membrane. Further out still are

situated two indistinct, fringed folds of mucous membrane, the plicae fimbriatae,

which converge somewhat as they are followed forward towards the tip, near which
they are lost.

From the inferior surface of the tongue the mucous membrane passes across

the floor of the mouth to the medial surface of the gum, with the mucous covering
of which it becomes continuous.

The plicae fimbriatae correspond pretty closely to tlie course of the deep lingual arteries as they
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run towards the tip ; tlie arteries, liowever, are deeply placed in the substance of the tongue,

at a distance of 3 to 6 nun. from the inferior surface. The plicce, which are more distinct at birth

and ill the foetus, are said to correspond to the under tongue found in the lemurs.

The root of the tongue is the portiou of the inferior aspect which is con-

nected by muscles and mucous memhrane to the mandible and hyoid bone. It is

of very considerable extent, and is, with the base, the most fixed part of the

organ. It is also the situation at which the vessels, nerves, and the extrinsic

muscles enter.

Structure of the Tongue.—Tlie tongue is composed chiefly of striped muscurar
tissue, witli a considerable admixture of fine fat. A median septum of connective

tissue occuj)ies tho central part of the organ. In addition, there are vessels, nerves,

glands, and lymph tissue, the whole being covered over by mucous membrane, except at

the root (Fig. 893).

The muscular tissue is derived partly from the terminations of the extrinsic muscles

—

namely, the hyoglossus, styloglossus, genioglossus, glossopalatinus, and chondroglossus

;

and also largely from the intrinsic muscles— namely, the longitudinalis superior,

the longitudinales inferiores, the transversus linguic, and the verticalis linguie. These are

so arranged that they form a cortical portion, made up chiefly of longitudinal fibres

—

derived, above, from the longitudinalis superior and the hyoglossus, at the sides, from

m „ 4- ,. M. loneitudiiialis
Transversus M. verticalis g,,„„.,i„,

liiigiui' lingufc

M. verticalis

lingua:
Nodules of

Epithelium lymph tissue

K

Profunda artery

Mucous glands

Fat
Septum

Longitudinalis inferior

Fio. 893.—A, Transverse, and B, Longitudinal Vertical Section through the Tongue (Krause)

;

C, A Lymph Follicle from Posterior Part ok the Tongue. (Macalister, slightly modified.)

the styloglossus, and, below, from the longitudinales inferiores. This cortex surrounds a

central or medullary portion, divided into two halves by the median septum, and formed
in great part by the transverse and vertical fibres, and also by the fibres of the genio-

glossi ascending to the dorsum. The muscular fibres derived from these various sources

end by being inserted into the deep surface of the mucous membrane.
The detailed description of the extrinsic and intrinsic muscles will be found on

page 462.

The septum is a median fibrous partition found in the medullary portion only, and
easily exposed by separating the two genioglossi on the inferior surface of the tongue.

Anteriorly it usually extends to the apex ; whilst posteriorly it grows gradually narrower,

and expanding transversely at the same time, it passes into a broad sheet (the hyoglossal

membrane) which is united to the upper border of the hyoid bone, and gives attachment
to the posterior fibres of the genioglossus. From the sides of the septum the fibres of the

transverse muscle of the tongue arise.

The mucous membrane on the anterior two-thirds of the dorsum, and on the free

margins, is firm and closely adherent to the underlying muscular substance, the fibres

of which are inserted into it. On the posterior third of the dorsum, and on the inferior

surface, it is neither so firm nor so closely united to the muscular substance, from which
it is separated in both of these situations by a layer of submucous tissue.
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The mucous membrane of the tongue, like that of the rest of the mouth, is covered

by stratified squamous epithehum.

Glandulse Linguales.—Numerous small racemose glands are found scattered beneath the

mucous membrane of the posterior third of the tongue ; and a small collection of similar glands

is present at the margin, opposite the vallate papillae. Small serous glands are also found
embedded in the dorsum near the vallate papillae, into the. fossae of which their ducts open
(Fig. 891).

The chief collections of glandular tissue in the tongue, however, are found embedded in the

muscle of the under surface, a little way posterior to the apex, on each side of the middle line

(Fig. 892). They are known as the glandulse linguales anteriores of Blandin or Nuhn.
These glands are displayed after the removal, from the under surface of the tongue, of the

mucous membrane and a layer of muscle fibres about 2 mm. thick which is composed of fibres of

the styloglossus and the longitudinalis inferior muscles a little distance behind the apex. The
anterior lingual glands are oval in shape, often partly broken up by muscular fibres, and they

measure from o to | in. (12 to 19 mm.) in length. They are mixed serous and mucous glands,

and they open by three or four very small ducts on the inferior surface of the tongue.

Vallate papillae

\

Styloglossus

Superficial lymph
vessels of side and
dorsum of tongue

Lymph vessels

of apex of

tongue

Afferents to f

mandibular-ir
glands

Sublingual gland

Submental gland
Mylo-hyoid cut

Afferent to deep cervical glands

.interior belly of digastric (cut)

Omo-hyoid

Stylo-hyoid

Digastric

Afferents to
deep cervical

glands from
posterior third
of tongue

Common facial vein

Upper deep cervical

lymph glands

Fig. 894.

—

Lymih Vessels of the Tongue (after Poirier aud Cuueo, modified).

Vessels.—The chief artery is the lingual. This vessel passes forwards, on each side, medial to

the hyoglossus muscle, and then is continued on to the apex—between the genioglossus on the

medial side and the longitudinalis inferior laterally—under the name of the a. profunda linguae.

Anteriorly it is covered by the fibres of the longitudinalis inferior, and lies | to j in. from

the surface. Near the apex the arteries of opposite sides are connected by a branch which

pierces the septum ; but ot herwise, with the exception of capillary anastomosis, they do not com-

municate. The rami dorsales lingnise of the lingual artery are distributed to the pharyngeal part

of the tongue, whilst some twigs of the ramus tonsillaris of the external maxillary artery are

also distributed in the same region.

The veins are : The v. profunda linguse, the chief vein, which lies beneath the mucous

membrane at the side of the frenulum, and runs backwards over the hyoglossus with the

hypoglossal nerve ; two vense comites, which accompany the lingual artery ; and two dorsalis

linguae veins from the back of the tongue. These either unite and form a common trunk,

or open separately into the internal jugular vein.

The lymph-vessels of the tongue take their origin in an extensive lymph network in the

submucous coat, and a smaller network connected with the first, in the muscular substance of

the tongue. The network at the apex, including the tip, margins, and front of the dorsum, is

drained by some two to four vessels on each side, which pass downwards by the margin of the

genioglossus muscle and pass laterally to the inferior deep cervical lymph glands. These vessels

may be connected with the submental lymph glands also.

From the margins and dorsum of the tongue, behind the former area, and extending back to

the vallate papillee, lymph-vessels j>as8 to the submaxillary lymph glands, and also, on the hyo-
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glossus muscle, to the upi)er deep cervical lymph glands, especially to some glands near the
bifurcation of the common carotid artery. From the i)OHtcrior jiart of the tongue the lyniph-
vesst'ls \y,iss laterally on each .siile below the iialatiiie tonsil, and tlicnce fcjllow tlM; course of the
tonsillar lympli-vesseln to the upj)er deep cervical lymph glands. Some central vessels, from
tlie nu'diau portion of the tongue, pass downwards to the .submaxillary glands, and also to the
upl)i!r deep cervical glands, on tlie lateral side of the internal jugular vein.

Nerves.—The nerves whi(-h supply tlie tongue are : (1) Tlu- hypoglossal nerve, the motor
nerve of the tongue, which enters the gcuioglossus and passes uj) in its sulistance to tlie intrinsic

muscles, in wliich it ends. (2) The lingual nerve, a branch of the mandibular nerve, which is

accompanied by the chorda tympani branch of the facial nerve. The lingual, after crossing the
hyoglossus, Ijreaks up and entei"S the longitudinalis inferior and genioglossus muscles, and thus
makes its way upwards to the mucous membraTie of the anterior two-thirds of the tongue—the
lingual itself conferring common scTisation on this i)art, the chorda tympani probably carrying to

it taste fibres. (3) The glosso-pharyngeal nerve jjasses forwards beneath the upper part of the
hyoglossus muscle, and sends its terminal branches to the mucous membrane of the jK)sterior third

of the tongue, supplying the papillae vallatse, and the jjart of the tongue behind these, with
both gustatory and common sensory fibres. (4) The internal laryngeal nerve also distributes a
few fibres to the posterior part of the base of the tongue, near the epiglotti.s.

GLANDULE.

Numerous organs, diBering widely in structure, function, and development, are

commonly included under the term glands. It may indicate any of the following

structures :

—

(1) Glands producing a visible fluid or semi-fluid secretion, which is dis-

charged from the cells of the gland, either directly or by a duct, on to a free

surface, where it is useful chemically or mechanically, or by which it is drained
away. Glands of this type connected with the alimentary canal are serous and
mucous glands, salivary glands, gastric and intestinal glands, and the liver and
pancreas.

(2) The so-called ductless glands, which possess no ducts, but secrete some
substances, which are directly and gradually transmitted from the cells of the

gland to the blood or lymph stream, and are of use in the general metabolism of the

body. Such structures are the thyreoid gland, the suprarenal glands, the para-
thyreoids, and the hypophysis cerebri.

(3) Cytogenic or cell -producing glands; not always epithelial, and usually

with no distinct duct, consist of aggregations of special cells, enclosed in a more
or less definite framework of connective tissue, freely supplied with blood- and
lymph-vessels. Glands of this type are concerned in the production, from the cells

in the glands, of special cells, wliich are liberated from the gland tissue, and pass

away from it. Such glands are lymph glands, the bone marrow, and the repro-

ductive glands—testes and ovaries.

In structure they present wide differences.

Glands may also be classified according to their development, and on this basis

the following groups are recognised :

—

(1) Glandulse epitheliales, developed from epithelial cells. These may (a) possess

a duct, in which case they are termed glandulse evehentes ; or (b) they may be
constituted as ductless glands, and they are then termed glandulse clausae. To
this last group belong the thyreoid gland, the hypophysis, and the suprarenal
glands.

(2) Glandulse vasculares, developed in connexion with vessels, and not containing
epithehal cells. This group includes all the lymph glands, the lymph nodules
found in the intestine, the tonsils, the thymus, and the spleen.

In the following paragraphs only the true glands of the alimentary system
—namely, the glands of epithelial origin, characterised by the possession of ducts
—are considered.

Such glands may be defined as epithehal organs used for the secretion

or excretion of some particular substance or substances from the body. They
usually consist of a number of cells, and there may be different kinds of cells in a
gland.
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Small duct from an aheolus
Large duct

The simplest form of this type of gland is a portion of an epithelial surface,

continuous with adjacent portions of the surface, but involuted from the surface

to which it originallj belonged.

The simplest form in wliicli this involution occurs is as a single pocket, of uniform size

throughout, forming a simple tubular gland. Of this kind are the intestinal glands in the wall
of the small intestine.

In other cases there may be a bag-like enlargement of the end of the gland, forming a sort of

pocket, called an alveolus (alveolus, small stomach or bag), and this type of gland is known as

the simple alveolar gland. It does not exist in the alimentary canal.

In some cases the lower part or fundus of the gland does all the secretion, and the upper
part forms a tube or duct that carries the secretion to the surface.

When the outgrowth forming the gland remains undivided, the gland is known
as a simple gland. It may, on the other hand, break up into two or more branches,

and it then is known as a compound gland, and this compound gland may be

tubular, alveolar, or of a mixed tubular and alveolar form.

When the fundus of the gland at the extremities of the ducts becomes a

highly differentiated saccular region, consisting of several enlargements (alveoli)

at the end of a duct,

-^,^=;sj^ it is called an acinus

/ P^ (aKtvos, a grape, or

grape-stone), from the

fancied resemblance it

presents to a cluster

of grapes at the end
of a stalk. A gland
formed of several such

structures collected

together is often called

a compound acinous or

racemose gland (race-

mus, a cluster).

Most of the glands^ of

Crescent of Gianuzzi ^be body are examplesV
this variety

—

e.g. the sali-

vary glands, the small
glands of the mouth,
tongue, pharynx, oeso-

phagus, etc.

A compound acinous

(racemose) gland is com-
posed of a main duct
which branches and re-

branches more or less freely according to the size of the gland. The terminal divisions of the
ducts end finally in specialised secreting parts, the acini or alveoli, quite distinguishable from
the ducts or conducting parts. In typical acinous glands the acini or alveoli are distinctly saccular

;

in other glands, such as the pancreas, this is not the case, the acini being long and narrow.
Accordingly, the term alveola- or acino-tubular has been introduced and applied to glands of this

latter type, which is usually made to include the pancreas, and Brunner's cluodenal glands.

^

It should be added that the term acino-tubular is by some authors used exclusively instead
of acinous for all racemose glands.

The foregoing may be summarised in tabular form thus :

—

I. Simple glands.—Duct undivided.
(a) Simple tubular (undilated at end)

—

e.g. intestinal glands and certain gastric glands.

(6) Simple alveolar (dilated at end)—not met with in alimentary canal.

II. Compound glands.—Duct divided.

(a) Compound tubular, branched elongated tubes, no acini

—

e.g. most gastric glands.

(6) Compound acinous or alveolar (racemose glands), branched duct with saccular acini on
terminal branches

—

e.g. salivary glands ; the mucous glands of the mouth, tongue,
palate, pharynx, and oesophagus.

An alveolus with secreting cell
Duct

Cuunective tissue

Fig. 895.

—

Section of a Serous Gland on the left, a Mucous Gland
ON the right side (Bohm and v. Davidoff.

)

111 the serous gland the granular secreting cells and the centrally-placed nucleus
should he noted. The relatively clear cells, with the dark crescents of

Gianuzzi, are distinctive in the mucous gland.

^ Some authoritie.s consider the duodenal giands of Brunner to belong to the class of compound tubular
glands (Heidenhain, Watney, Jonnesco, etc.).
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('•) Acino-tubular, branched duct, with elongated narnjw acini on terminal branches

—

e.g., pancreas, duodenal glands.

General Structure of Glands.—Whilst the small glands, such as those of the

mouth and pharynx, are j)luc'ed in the mucosa or submucosa close to the point at

which their ducts open on tiie surface, the large glands forming distinct masses, often

lie at a considerable distance from the points at which their ducts open, and are generally

surrounded by special capsules.

Each of these large glands of the acinous type, such as the parotid or submaxillary,

presents the following general arrangement. The gland is made up, as can be seen with

the unaided eye, of a number of masse.s, often as large as peas, which are surrounded and
held together by connective tissue. These are known as lobes, and to each a branch of

the duct passes. Tlie lobes are in turn made up of a number of smaller masses—lobules

—each having a special branch of the lobar duct. These again are composed of smaller

lobules, and so on to a varying degree. Finally, the smallest are made up of a terminal

branch of the duct, with a cluster of acini or alveoli developed upon it.

The acini or alveoli, the special secreting portions of the gland, are composed of a

basement membrane, often fenestrated or basket like, formed of flattened cells, on the

outer side of which the blood- and lymph-vessels lie. The inner surface of this membrane
is lined by the secreting epithelial cells, usually polygonal in shape, which almost com-
pletely fill the alveolus. A small lumen, however, is left, into which the secretion of the

cells is shed ; thence it passes into the duct of the lobule, and thus to the main duct.

The blood- and lymph-vessels, on entering the gland, break up and run, branching as

they go, in the connective tissue which conveys them to all parts of the gland.

GLANDULiE SaLIVALES.

Salivary Glands.—This term is generally understood to include only the three

large masses of glandular tissue found on each side of the face and upper part

of the neck—namely, the parotid, submaxillary, and sublingual glands. But, as

previously pointed out, numerous other small glands of a similar nature are found
in the lips, cheeks, palate, tongue, etc. These have already been sufficiently

described, and require no further mention.

Glandula Parotis.—The parotid gland is the largest of the salivary glands,

and lies on the side of the face, below and in front of the ear, and is prolonged
inwards deeply from the surface.

It forms a lobulated mass, of a yellowish or light reddish-brown colour, with a

large triangular superficial surface. From this mass a process of the gland
passes medially posterior to the upper part of the ramus of the mandible below the

base of the skull almost to the side wall of the pharynx. It is known as the
processus retromandibularis.

The superficial surface extends upwards nearly to the zygoma, and downwards
as far as to the angle of the mandible. It is prolonged anteriorly on the

superficial surface of the masseter muscle in the form of a process, often triangular

ill shape, called the facial process, while at the back it comes into contact with
the external acoustic meatus, the front of the sterno-mastoid muscle, and the

mastoid process.

Processus Retromandibularis.—This portion of the gland occupies a deep
fossa, called the parotid fossa, of considerable size, which has two nearly vertical

sides, an anterior and posterior. These sides converge towards one another and
meet deeply, and so form the apex of the fossa. This fact is well brought out

by a horizontal section through the head about the middle of the gland (Fig. 896).

From this it will be seen that the posterior wall of the fossa is formed, medial

to the sterno-mastoid muscle, by the posterior belly of the digastric and the stylo-

hyoid muscles, with the occipital artery, and more deeply still, by the root of the

styloid process and the carotid sheath and its contents, and especially by the

internal jugular vein, separating the gland from the vertebral column.

The anterior wall of the fossa is formed by the ramus of the mandible and
the masseter and internal pterygoid muscles.

Fascia Parotideomasseterica.—The parotid recess is covered over on the one hand,
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and lined on the other, by fascia. The covering layer is specially known as the fascia

parotideomasseterica (O.T. parotid fascia) and both it and the lining layer are derived
from the deep cervical fascia, which divides to enclose the gland. The parotideo-masseteric
fascia is connected, on the surface, above to the zygoma

;
posteriorly, to the acoustic meatus

and anterior border of the sterno-mastoid ; below, it is continuous with the deep cervical

fascia, and anteriorly it passes over the masseter, and blends with the fascia bucco-
pharyngea. The fascia forms a lining for the recess, and is united above to the peri-

osteum over the acoustic meatus and posterior part of the glenoid fossa ; medially it is
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Fig. 896.

—

Horizontal Section through Mouth and Pharynx at the Level of the Palatine Tonsils.

The styloiiharyngeus, which is shown immediately to the medial side of the external carotid artery, and the

prevertebral muscles, are not indicated by reference lines.

connected to the styloid process ; whilst below it joins the deep cervical fascia. Taken
together, the two layers form a definite capsule which completely encloses the gland.

In connexion with the lower and anterior part of this capsule is developed a special

flat band, the stylomandibular ligament, which passes downwards and laterally from

the styloid process to the angle of the mandible. It separates the anterior part of

the parotid gland from the posterior border of the internal pterygoid muscle
;

perhaps

occasionally, also, from the upper and posterior part of the submaxillary gland.

Shape and Relations of the Parotid Gland.—The main mass of the parotid

gland is three-sided (Fig. 896), the three surfaces being superficial, anterior, and
posterior.

Superficial Surface.—This surface is somewhat triangular in form, though
irregular in outline. Its long posterior border lies in front of the external

acoustic meatus, and the sterno-mastoid muscle. Its superior border lies below the

zygomatic arch, and the inferior border passes irregularly upwards and anteriorly to
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join it. The apex, directed auteriorly, is formed by the facial process of the gland,

and lies on the masseter muscle, and the duct of the gland issues from it, or just

below it.

This superficial surface is frequently prolonged beyond the limits of the parotid

fossa, and passes downwards over the digastric muscle. It may descend beyond

the angle of the mandible, and come into immediate relation with the posterior part

of the submaxillary gland, from which it is separated merely by a thin layer of

the deep cervical fascia.

Deep Portion of the Gland.—This portion of the gland presents an anterior

surface looking forwards, deeply concave, and a posterior surface, irregular in

outline, directed backwards and medially.

These surfaces meet medially at the medial border, which may lie so deeply as

to be in contact with the side wall of the pharynx. The lower part of the styloid

I'aroliil (iiict

Accessory parotid gUind

Internal pt<?rygoid

Mandible
Submaxillary duct /

Mucijus membrane
Sublingual gland

Tongue ' / '
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Anterior belly of digastric

' Lingvial nerve

Mandible

- Mylo-hyoid
Surface of submaxil-

lary gland covered

by mandible

Surface covered by
integument and fasci*

Fig. 897.—The Salivary Glands and their Ducts.

process in many cases- lies in contact with the inferior part of this border, and in such

cases the process, together with the styloglossus and stylopharyngeus muscles,

separates the medial border from the pharynx. The superior and inferior borders, at

the union of the anterior and posterior surfaces, are irregular in outline, and indefinite.

The relations of these two surfaces are as follows :

—

The anterior surface is wrapped round the ramus of the mandible, and extends

on to the muscles which cover this portion of the bone laterally and medially, that

is, on to the masseter and internal pterygoid muscles respectively.

The posterior surface, in contact with the posterior wall of the fossa, is moulded

upon the structures which form that wall. It is in contact, from the surface

medially, with the sterno - mastoid muscle, the mastoid process, the external

acoustic meatus, the posterior belly of the digastric muscle, the internal jugular

vein, and the root of the styloid process and the styloid muscles. It is often

deeply grooved by the posterior belly of the digastric.

The posterior surface is occasionally prolonged medially beyond the lower

portion of the styloid process, towards the pharynx. In such cases, the lower part

of the styloid process lies in a groove on the posterior surface of the gland, and

is not in contact with its medial border as described above.

The gland frequently gives off processes which pass into the intervals between

the structures bounding the fossa. Occasionally from its superior end a small
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process termed the glenoid lobe is found, passing into the posterior or tympanic
part of the glenoid fossa.

Another runs into the interval between the sterno - mastoid and digastric

muscles ; and a pharyngeal process is occasionally found extending medially, anterior

to the styloid process, towards the side of the pharynx.

A pterygoid extension, between the two pterygoid muscles, cannot properly

be said to exist.

Embedded in the superficial surface there are usually found several small

rounded lymph glands, which can be recognised from the gland tissue by the

difference in their colour.
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—

Horizontal Section through Mouth and Pharynx at the Level of the Palatine Tonsils.

The prevertebral muscles and the stylopharyngeus (which is shown just at the medial side of the external

carotid arterj') are not indicated by reference lines.

The facial process of the gland—often of considerable size—is a flat and some-

what triangular portion which runs forwards from the upper part of the front of

the gland, and overlaps the masseter muscle to a varying extent ; from its most

anterior part the parotid duct emerges, and a separated portion of this process, often

found lying immediately altove the duct, is known as the glandula parotis accessoria

(O.T. socia parotidis).

Ductus Parotideus (Stenonis).—The parotid duct (O.T. Stenson's) leaves the

anterior border of the gland at its most prominent part (Fig. 897). It first runs

forwards across the masseter, below the accessory parotid gland, and accompanied

by branches of the facial nerve, and the transverse facial artery, which is commonly
some distance above, though its relation is variable. Having crossed the

masseter, it turns abruptly round the anterior' border of this muscle and runs
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inwards through the fat of the cheek, practically at right angles to the first part

of its course, to reach the buccinator, which it pierces. Then passing for some
distance (5 to 10 mm.) between the buccinator and the mucous membrane, it

opens into the vestibule of the mouth by a very small orifice, on a variably

developed papilla, opposite the crown of the second upper molar tooth.

The course of the duct, which is fairly constant, can be marked on the side of

the face by drawing a line from the inferior edge of the acoustic meatus to a jjoint

midway between the ala of the nose and the red of the lip ; the middle third

of this line corresponds fairly accurately, on the surface, to the course pursued
by the duct.

The duct measures from \h to 2A inches (38 to 62 mm.) in length, and J incli (3 to 4 mm.)
in diametiT. The calibre of the duct is very much greater than tliat of its orifice, whicli admits
only a tine bristle, and for this reason the duct may, to some extent, be looked ujjon as a

reservoir for the saliva, as well as a duct for its conveyance. In the child it pierces the "sucking
pad " on its way to the mouth.
A number of vessels and nerves are found in intimate relation to tlie parotid gland.

These are : (1) The external carotid artery and its two terminal branches. This artery Ilea

at first in a groove in the inferior and deep aspect of the gland. It then enters the gland substance
and lies deejdy in it, as far up as to the neck of the mandible, when it divides into its two terminal
branches. The superficial temporal artery passes onwards and emerges from the superior super-
ficial part of tlie gland, and th« intei-nul maxillary artery turns inwards and emerges from the

deep part of the anterior surface.

The transvei-se facial artery is given off in the substance of the gland, and emerges from
it between the zygomatic arch and the duct.

The posterior facial vein descends in the substance of the gland superficially, and divides in

it into the two terminal branches which emerge from the inferior part of the gland.

The facial nerve enters the posterior surface of the gland, slightly below its middle, and runs
forwai-ds and laterally, dividing into its main branches within the gland, and lying superficial

to the external carotid artery and posterior facial vein. Communicating branches from the
auriculo-temporal and great auricular nerves to the facial also traverse the gland substance.

Vessels and Nerves.—The arteries which supply the gland arise from the external carotid

artery, and from the branches of this artery in relation to the gland.

The veins join the posterior facial vein and its tributaries. The lymph, vessels pass to both
the superficial and the deep cervical glands ; there are also a few small parotid lymph glands,
which lie on the surface of the superior and inferior part of the parotid beneath the capsule.

Some are said to be embedded in the substance of the parotid itself.

The nerves are derived (a) from the auriculo-temporal, great auricular, and facial, and
{b) from the plexus caroticus externus. The fibres of the sympathetic are mainly vaso-constrictor.

The secretory fibres to the gland, arising in the brain-stem, pass out through the glosso-

pharyngeal nerve, and pass from it through the lesser suj^erficial petrosal nerve to the otic ganglion,
and from that ganglion to the gland in the auriculo-temporal nerve.

Glandulse Submaxillares.—The submaxillary glands are next in size to the

parotid, and resemble them in their lobulation and colour. Each is placed partly

in the submaxillary triangle and partly under cover of the mandible (Fig. 897).

In each gland two portions may be recognised, a somewhat superficial larger

part, the body, lying in the submaxillary triangle, and a smaller deep part, the

deep .process, which springs from the middle of the deep surface of the body.

The superficial part, like the parotid, presents a superficial convex surface,

which projects below the mandible, in the submaxillary triangle, but it frequently

extends beyond the limits of that space, and overlaps the digastric muscle.

This surface looks downwards and laterally ; it is covered by the deep cervical

fascia and the platysma and is crossed superficially by the anterior facial vein.

Deep to this surface the body of the gland is wedged upwards, between the

medial surface of the mandible and the mylo-hyoid and hyoglossus muscles. It

thus presents two surfaces, a lateral, which is in contact with the submaxillary
fossa of the mandible, and a medial, related to the mylo-hyoid, hyoglossus, the
posterior belly of digastric, and stylo-hyoid muscles.

The deep process passes still further medially, around the posterior free margin
of the mylo-hyoid muscle, and comes to lie between the mylo-hyoid and hyoglossus

muscles.

Embedded in the substance of the gland are found a few submaxillary lymph
glands, which are of importance from the connexion they have with the lymph
vessels of the lip and of a portion of the tongue.
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The external maxillary artery lies embedded in a groove in the superior and
posterior part of the gland.

The gland is enclosed in an extremely delicate capsule of connective tissue

derived from the deep cervical fascia.

In considering the relations of the gland, it is well to remark that there is in this region a

three-sided space bounded laterally by the medial surface of the mandible below the mylo-hyoid
line, medially and above by the mylo-hyoid muscle, and below by the skin and fascia passing

from the margin of the jaw to the side of the neck. In this space the gland lies with lateral,

medial, and inferior STirfaces corresponding to the walls of the space.

The posterior end of the gland, which is its most bulky portion, either abuts

against, or lies very close to, the sterno-mastoid, and is often overlapped by the

inferior end of the parotid gland.

Ductus Submaxillaris.—The submaxillary duct (O.T. Wharton's) leaves

the deep surface of the gland about its middle, and runs forwards beneath the

mylo-hyoid muscle, along the superior and medial aspect of the deep process of
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Fig. -The Salfvart Glanhs and their Ducts.

the gland (Fig. 899). Pursuing its course forwards beneath the floor of the

mouth, on the medial side of the sublingual gland, the duct crosses the hyoglpssus

and the genioglossus muscles, and finally opens on the floor of the mouth at the side

of the frenulum Hnguse, where its small orifice is placed on the summit of a soft

papilla (caruncula sublingualis) close to its fellow of the opposite side.

While running forward beneath the floor of the mouth the duct, which is about two inches long

(50 mm.), is crossed by the lingual nerve near the anterior border of the hyoglossus, that is

opposite the 2nd molar tooth. The nerve passes from the posterior end of the mylo-hyoid ridge

(against which it lie,s) forwards and medially in order to reach the inferior surface of the tongue,

and it passes below the duct at the point indicated. As in the case of the parotid duct, the

calibre of the submaxillary duct is much greater than that of the orifice by which it opens ; for

this reason it likewise may be looked upon as forming, to some extent, a reservoir for the saliva

secreted by the gland.

Vessels and Nerves.—The arteries come chiefly from the external maxillary artery and its

submental branch: the veins accompany the arteries. The nerves are derived through the sub-

maxillary ganglion (which lies above the deep process of the gland), from the chorda tympani and
lingual, and from the sympathetic plexus around the external maxillary artery. The lymph
ves.sels fiass to the submaxillary lymph gland.^.

Glandulse Sublinguales.—The sublingual glands, the smallest of the principal

salivary glands, are situated more deeply than the others.
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Each lies immediately below the mucous membrane of the floor of the mouth,

between the tongue and the gum of the mandible, and there it causes the elevation

on the floor of the mouth termed the plica sublingualis.

When the mucous membrane is removed IVum this region, the gland is found

to be lying in the interval between the sublingual fossa (on the inner surface of

the numdible al)ove the mylo-hyoid line) and the genioglossus muscle, which

passes from the mandible to the tongue. Below, it rests upon the deep surface

of the mylo-hyoid muscle.

In shape it is almond-like, flattened from side to side, but is much wider (from

above downwards) anteriorly than posteriorly. It is usually from 1^ to If inches (37

to 45 mm.) in length, whilst its bulk is about equal to that of two or three almonds.

Its detailed relations are as follows :—Its lateral surface rests against the inner aspect

of the body of the mandible above the mylo-hyoid line. Its medial surface is in contact with

the genioglossus, styloglossus, and liyoglossus muscles, as well as with the submaxillary
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A. Section of human submaxillary gland x 400. B. Section of human parotid gland x 400.

duct, which runs forwards between the gland and the muscles. Beloiv, it rests on the

mylo-hyoid, and at its posterior part on the deep process of the submaxillary gland ; whilst

its upper prominent border is covered only by the mucous membrane of the mouth, here

raised up by the gland to form the plica sublingualis (Fig. 892). The anterior portion of

the gland is much deeper and more bulky than the posterior half, and it meets its fellow

in the median plane beneath the frenulum linguie. The posterior extremity grows gradually

more slender, but may extend to the posterior part of the mylo-hyoid ridge, where it lies

above the deep process of the submaxillary gland.

Its ducts, generally known as the ductus sublinguales minores (O.T. ducts of

Rivinus), are about twelve in number and of small size ; they leave the superior

part of the gland, and, after a short course, open on a series of papillaB, visible to

the naked eye, which are placed along the summit of the plica sublingualis.

The gland is not enclosed in a distinct capsule, thus differing from the parotid and submaxil-

lary glands ; but its numerous lobules, which are smaller than those of the glands just mentioned,

are held together by fine connective tis.sue, loosely, but still in such a manner as to make one

more or less consolidated mass out of what was, in the embryo, a number of separate glands.

As a rule all the ducts open separately on the summit of the plica sublingualis, and appar-

ently none of them join the submaxillary duct. Frequently some of those from the anterior and

more bulky part of the gland are larger than the others, but the presence of a large duct

running alongside of the submaxillary duct, and opening with or beside it, ductus sublingualis
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major (O.T. duct of Bartholin), is very rare, and must be considered as an exceptional condition
in man, although normal in the ox, sheep, and goat. The same may also be said of ducts from
the sublingual, which are described as opening into the submaxillary duct.

Vessels and Nerves.—The arteries are derived from the sublingual artery, a branch of

the lingual, and from the submental, a branch of the external maxillary. The nerves come from
the lingual, chorda tympani, and the external maxillary plexus, through a branch of the
submaxillary ganglion which joins the lingual, and is conveyed by it to the gland. The
secretorj- fibres run in the chorda tympani nerve, and thence through the submaxillary
ganglion to the gland.

The glandula lingualis anterior (Blandini, Nuhni) has been described with the

tongue.

Structure of the Salivary G-lands (Fig. 900).—Each of the principal salivary glands consists

of a number of lobules, loosely united together by connective tissue. From each of them
one or more ducts emerge. Each duct when traced onwards divides into branches, which
terminate in a group of saccular or tubular alveoli.

The epithelium lining the ducts is columnar in character, but becomes flattened at the

junction with the alveoli.

The eioitheliurn lining the alveoli shows different characters in different glands. In the
parotid, and the small salivary glands of the vallate papillae in which the secretion is

watery or albuminous, the cells are uniform in character, and of small size. When the gland is

at rest, the cells are filled with small granules, which when the secretion is poured out are trans-

formed into the gland ferment (ptyalin). After secretion, only the deeper parts of the cells show
the presence of granules. The nuclei are rounded, and lie near the centre of the cells. In the
sublingual, labial, buccal, and other glands of the mouth and palate the secretion is of a mucous
character and the cells are larger, and the nuclei are placed deeply. The cells appear clear and
swollen unless special methods of preparation are employed. In such cases, e.g., when examined
in serum, the cells are seen to contain large and distinct granules of mucigen which in secretion

are transformed into mucus.
In the submaxillary gland and the anterior lingual gland both varieties of cells are

present. In these cases, the larger, clear mucous cells line the cavity of the alveolus, and the

smaller granular serous cells are arranged upon the basement membrane, deep to the former
cells, in crescentic masses, termed the crescents or demilunes of Gianuzzi. They communicate with
the cavity of the alveolus by small channels between adjacent mucous cells.

After secretion, the mucous cells become smaller, and stain more deeply than when loaded

with mucigen before secretion.

PHAEYNX.
The pharynx is the expanded upper portion of the alimentary canal which lies

posterior to and communicates with the mouth, the larynx, and the nasaLcavities, and
is continuous inferiorly with the superior end of the oesophagus or gullet (Fig. 901).

It extends from the base of the skull, above, to the level of the sixth cervical

vertebra (Eig. 903) and the lower border of the cricoid cartilage, below.

Its total length varies from 5 to 5^ inches (12-5 to 14"0 cm.).

The inferior portion alone, that is, the parts lying opposite and inferior to the

opening of the mouth, is functionally a part of the alimentary canal, for the

portion above the level of the soft palate is used for respiration only. It is,

however, convenient to study the structure and relations of the whole of the

pharynx at once.

Structurally the pharynx is a fibro-muscular bag, of conical form, wide above

and narrow below. The wall of the superior part of the pharynx, in the region

of the base of the skull, is firmly attached to the surrounding bony structures,

especially around the orifice of the choame, and hence in this superior portion of

the pharynx there is a permanent cavity containing air.

The lower portion gradually assumes a more tubular form, and the anterior

and posterior walls approach one another, so that below the level of the opening

of the larynx they are in contact with one another, and the cavity is reduced to a

slit, except during the passage of food.

Dimensions of the Pharynx.—From the fornix pliaryngis, i.e. the highest part of the roof,

to the .superior surface, of tlie soft palate at its junction with the hard palate, measures about

\\ inches, or 3 cm. The vertical extent of the oral part of the pharynx is about 2|^ inches,

or 6 cm., and that of the laryngeal part is about 2| inclies, or 7 cm.
The inferior end of the pharynx is usually about 5i to 6J- inches from the margins of the

incisor tooth, in a line passing through the cavities of tCie mouth and of the oral and laryngeal

parts of the pharjaix.

The other diameters are as follows: the antero- posterior diameter (depth) of the superior
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segment (nasal jjoition), from the posterior margin of the septum of the nose at its inferior part

horizontally backwards, measures 15 to 18 mm., and that of the middle segment, from the glosso-

palatine arches to the posterior wall, about 10 mm. Below that level, the anterior and pos-

terior walls gradually apjiroach one another, until, below the laryngeal orifice, tln-y are in

contact with one another.

Tiie transvei-se wiilth of the pharynx also varies considerably. Immediately below the base

of the skull the cavity is wide, as there is on each side a deep rece.ss, and it measures 45 mm., or

nearly 2 inches.

Opposite tlie middle of the soft palate the cavity narrows, and measures transversely 25 mm.,

or 1 inch.

It again widens out below this level, and expands to a width of 35 mm., opposite the inferior

margin of the laiyngeal ojniiing, where on each side there is a wide reces.s, called the piriform recess.
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Fi(i. 901.- -iNTKuioii OF Pharynx and Structures in relation to its Side Walls,
VIEWED FROM BEHIND.

Cavum Pharyngis.—The cavity of the pharynx is partially intersected by the

soft palate, which is attached anteriorly to the hard palate, and laterally to the

side walls of the pharynx. This sheet, sloping obliquely backwards and down-

wards, cuts into the cavity of the pharynx (Fig. 901), and, falling short of the

posterior wall, incompletely divides it into two, namely, an upper part, pars nasalis

(O.T. naso-pharynx), and a lower part or pharynx proper. This lower portion is

further subdivided into the pars oralis (O.T. oral pharynx), lying behind the mouth
and tongue, and the pars laryngea (O.T. laryngeal pharynx), behind the larynx.

The aperture left between the soft palate and the posterior wall of the

pharynx, through which the nasal part of the pharynx communicates with the

inferior divisions of the cavity, is called the isthmus pharyngonasalis.

The pharynx presents seven openings by which it communicates with
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neighbouring cavities (Fig. 901). These are the two choana (O.T. posterior nares)

on the anterior wall of the pars nasalis, and the two tubse auditivae (O.T. Eusta-
chian tubes) on its side walls ; the isthmus of the fauces, leading into the mouth
from the oral part ; the orifice of the larynx on the anterior wall of the laryngeal
part of the cavity ; and finally, the opening of the oesophagus at its inferior end.

Pars Nasalis (O.T. Naso-Pharynx) (Figs. 901and902).—Although morphologic-
ally and developmentally this is a portion of the true pharynx, it is functionally an
annexe to the respiratory portion of the nasal cavities, and both anatomically and
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—

The Nasal Part of the Phartnx from the Front.

A frontal section was made through the upper part of the head ; this passed immediately iu front of
the posterior edge of the nasal septum, and extended into the mouth below. Through the choanaj,

the nasal part of the pharynx is seen. The prominence of the posterior margin of the ostium pharyn-
geum of the auditory tube, and the lymph nodules constituting the pharyngeal tonsil, should be noted.

The palatine arches and tonsils, and an unusually wide pharyngo-nasal isthmus, are also seen.

functionally it is distinctly marked off from the digestive tube. It differs from
the rest of the pharynx in that its cavity remains, under all conditions, a distinct

open chamber incapable of obliteration, owing to the fact that all its walls, with
the single exception of the floor, are practically immovable.

The cavity of the pars nasalis is irregular in shape, and is enclosed by six

walls—namely, anterior and posterior, right and left, a floor and a roof or vault.

These walls all merge into one another, and the lines of separation between them are
arbitrary. Through the anterior wall, which slopes upwards and backwards, open the
choanae (O.T. posterior nares), separated from each other by the nasal septum. The
margins of the choanfc form the line of separation between the pars nasalis and the cavity
of the nose. This separation is occasionally marked by a furrow or fold on the side
wall, called the naso-pharyngeal furrow.
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The posteHor wall is nearly vertical, and may be considered to extend upwards as far

as to the level of the body of the sphenoid bone, where it becomes continuous with the
rounded vault forming the roof.

The roof lios under the l)ody of the sphenoid, and on each side it extends downwards
to the superior margin of the orifice of the auditory tube. It slopes from in front down-
wards and backwards to meet the posterior wall at the junction of the basilar part of the
occipital and sphenoid bones, immediately anterior to the pharyngeal bursa— a small
median recess in the pharyngeal wall, found constantly in the child and occasionally in

the adult.

The side walls, right and left, are occupied by the pharyngeal opening of the auditory
tube, and posterior to them, by a vertical slit-like depression leading into a recess, called

the recessus pharyngeus (Rosenmiilleri).

The ^oo>- is formetl by the upper surface of the soft palate.

Between the floor and the posterior wall is the aperture, the isthmus pharyngonasalis,
through which the pars nasalis communicates with the cavity of the pharynx proper.

When the soft palate is raised, this communication becomes closed, by contact of the
soft palate with the posterior wall, and the floor of the pars nasalis is complete.

A number of important structures are found in the walls of the pars nasalis.

In the posterior part of the roof, and superior part of the posterior wall, there is

a considerable accumulation of lymph tissue, known as the pharyngeal tonsil. It

is most distinct in the child, and becomes indistinct, or entirely disappears, in

adult life. It extends from the body of the sphenoid down as far as to the margin
of the occipital bone, and, laterally, as far as to the superior part of the side wall.

The mucous membrane which covers it is thickened and thrown into transverse
folds.

In connexion with the inferior part of the pharyngeal tonsil, there is found, constantly
in the child and occasionally in the adult, a small median recess which runs upwards and
backwards in the wall of the pharynx for some distance, and is known as the bursa
pharyngea (Fig. 903). The origin and morphological significance of this pouch are not
yet solved.

Enlargement of the lymph tissiie here occurs frequently in children, and the swollen lymph
nodules are known as adenoids. The enlargement may become so great as to fill up a great part
of the cavity of the nasal part of the pharynx.

Ostium Pharyngeum Tubse Auditivse.— On each side wall is placed the
pharyngeal orifice of the auditory tube (O.T. Eustachian tube), an opening of a
somewhat triangular form, with a characteristic infundibular or funnel-like

appearance (Fig. 903). It is bounded superiorly and posteriorly by a prominent
rounded ridge, the torus tubarius (O.T. Eustachian cushion). This ridge is due to the
projection of the cartilage which surrounds the auditory tube superiorly and
posteriorly, but is absent inferiorly and anteriorly. The prominence of the posterior

margin (labium posterius) as contrasted with the anterior margin (labium
anterius) of the orifice, and the direction of the tube itself, which runs posteriorly

and laterally (from the pharynx to the tympanum), greatly facilitate the intro-

duction of a Eustachian catheter.

The exact position of the orifice is of importance. It is situated on the side

wall of the pars nasalis, a short distance (about \ to \ inch) behind the posterior

end of the inferior concha, and immediately above the level of the hard palate

(Figs. 902 and 903).

A slight ridge of the mucous membrane descends from the inferior end of the torus

tubarius on the side wall of the pharynx, and gradually becomes lost. This is known as

the plica salpingopharyngea. Another less-developed ridge, the plica salpingopalatina,

passes from the anterior border of the ostium pharyngeinn downwards and forwards to join

the palate. In front of the latter lies the indistinct groove, the naso-phar3nigeal groove,

which indicates the separation of the nasal cavity from the nasal part of the pharynx.

The levator veli palatini in descending runs parallel to the tuba auditiva, and along
its lower border. As it enters the palate, it produces, particularly when in a state of

contraction, an elevation just below the pharyngeal orifice of the tube, known as the torus
levatorius (Figs. 902 and 903), which in its upper portion abuts against the lower part
of the orifice, and forms its base when that opening assumes its usual triangular shape.
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Occasionally the osteum pharyngeum is of an oval or slit-like form, with sloping edges,

but the triangular shape described above is much more commonly found.

Immediately posterior to each osteum pharyngeum is seen the recessus pharyngeus

(O.T. lateral recess of the pharynx or fossa of Bosenmiiller), a nearly vertical

depression of considerable deptli (Figs. 903 and 905), which extends laterally in the

form of a flattened pouch or diverticulum.

Middle concha

Middle meatus of nose

Inferior meatus
of nose

Superior meatus of nose

Sphenoidal sinus

Inferior concha

Posterior edge of nasal septum

Orifice of auditory tube

ursa pliaryngea

Part of the
geal tonsil^^pharyn

Kecessus
pharyngeus

Torus levatorius

)^ ^ Salpingo-
i_ : pharyngeal fold

Glands in soft

palate

Glosso-palatine
arch
Supratonsillar
fossa

Plica triangularis

Palatine tonsil

Pharyngo-
palatine arch

Epiglottis

Ary-epiglottic
fold

Genioglossus

Genio-hyoid

_ Cricoid cartilage

Lymph follicle

ITyoid bone

Fig. 903.—SAfJiTTAr, Section through Mouth, Tonouk, Larynx, Pharynx, and Nasal Cavity.

Tlie section is slightly ohlique, and tlie posterior edge of the nasal septum has heen preserved. The
specimen is viewed slightly from Ijelow, hence, in part, the low position of the inferior concha.

Tlie pliaryngoal recesses project laterally over the superior margin of the superior constrictor,

below the petrous portion of the temporal hone, and correspond in position to the sinus of

Morgagni on each side (cf. description of jiharyngeal wall, ]). 1149). The recess has been considered

to be the remains of the inner or pharyngeal portion of the second visceral cleft, the lower
part of which is represented in the supra-lonsillar fossa, but more probably it is not connected
witli any of the visceral clefts, but makes its appearance after they have disappeared.

Pars Oralis.—The oral part of the pharynx lies behind the mouth, between the

soft palate above and the superior aperture of the larynx below. On its anterior

aspect is the isthmus of the fauces, leading into the mouth. Below this the

vertical pharyngeal portion of the tongue forms the anterior wall. Its side wall
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f lialalu

(Fig. 903) presents a triangular area, sinus tonsillaris, bounded anteriorly by the

glosso-palatiiio arch, posteriorly by tlie ])haryugo-palatine arch, and below l»y the

side of the tongue in its pluiryngeal portion. This area is occupied in the greater

part of its extent by the tonsil. Above the tonsil there is a depression, the fossa

supratonsillaris (Fig. 003), which is of considerable; clinical interest.

The arcus pharyngopalatinus (O.T. posterior pillar of the fauces) is a Y>roniinent

fold of mucous URMubrane, containing in its interi(jr the idiaryngopalatinus muscle.

It springs from the posterior edge of tlie soft palate, and, passing downwards and
slightly backwards, ends inferiorly on the side wall of the pharynx (Fig. 903). The
two pharyngo-palatine arches form the right and left boundaries of the pharyngo-
nasal isthmus, and the orifice can be ,.^-^- f. ^^^^TiiRphiitnim

modified in size by the contraction of

the pharyngo-palatine muscles.

The arcus glossopalatinus is de-

scribed on p. nil.
The istlunus pharyngonasalis is

the very oblique and somewhat tri-

angular orifice through which the oral

part communicates with the nasal part

of the pharynx (Fig. 904). It differs

considerably in size and shape in

different indi\iduals, being in some so

small that the nasal part can be ex-

plored from the mouth only with very

great difficulty ; whilst in others it

is of much larger dimensions (Fig.

905) and affords ample space for the

rhinoscopic examination of the nasal

part of the pharynx and the posterior

part of the nasal cavities.

In general, it may be described

as triangular in shape, the sides corre- Fig. 904

sponding to the pharyngo-palatine

arches, and the base, which is behind, it also shows the two pal.atine arches, and the phaiyngo

being formed by the posterior wall of

the pharynx. The apex of the triangle

is directed towards the soft palate, and is encroached upon, and overlapped from

below by the uvula, which assists in the closure of the orifice (Fig. 902).

Open Mouth showing Palate and Palatine
. Tonsils.

nasal isthmus, through which tlie nasal part, above, com-
municates witli the oral part of the plla^}^l^^ below.

By the contraction of the pharyngo-palatine muscles, which are enclosed within the

pharyngo-palatine arches, tlie sides of the isthmus can be approximated, like two curtains,

and its size correspondingly diminished. When, at the same time, the uvula and soft

palate are elevated, and the whole pharynx in this region is narrowed by the con-

traction of the superior constrictor, the aperture can be completely closed, and the

oral separated from the nasal part of the pharynx, as in the acts of swallowing and

vomiting.

Tonsillae Palatinse.—The palatine tonsils are two large, oval masses of lymph
tissue which are embedded in the siile walls of the oral part of the pharynx,

between the glosso-pjilatine and pharyngo-palatine arches (Fig. 904). As already

pointed out, there is in this region a triangular interval (the sinus tonsillaris).

The greater part of this interval is occupied by the tonsil. In its superior part,

however, above the tonsil, there is usually found a variably developed depression

already referred to as the fossa supratonsillaris.

The tonsillar sinus is bounded anteriorly ].iy the glosso-palatine arch, passing

from the inferior surface of the soft palate to the side of the tongue. Posteriorly

it is bounded by the more vertical pharyngo-palatine arch, passing from the margin
of the uvula to the side wall of the pharynx. The inferior boundary is formed
by the margin of the tongue, while the narrow apex above passes up to the side of

the soft palate. The tonsil occupies the inferior part of this sinus.
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From the posterior surface of the glosso-palatine arch a thin triangular fold

of mucous membrane, called the plica triangularis, passes backwards. Its base

corresponds to the glosso-palatine arch, its superior border is free, and passes down-
wards and backwards, frequently overlapping the tonsil. Its lower border is attached

to the side of the tongue. It covers, medially, the inferior part of the tonsillar fossa.

The palatine tonsil presents very different forms in ditiereut individuals.

It may project from the fossa into the cavity of the pharynx, or it may be

flat and limited to the tonsillar fossa. In some cases the plica triangularis is

fused with the free surface of the tonsil, and the lymph tissue may in some cases

be developed on the medial surface of that plica.

Internal jugular vein Hypoglossal nerve
Accessory nerve

Digastric muscle

Stylo-hyoid

Glosso-
pharyngeal nerve

Parotid gland

Posterior facial

vein

External carotid
artery

styloglossus

Ascending
palatine artery

Internal pterygoid

Epiglottis

Glosso-epiglottic
fold

Masseter

Pharyngeal portion
of tongue

Internal carotid artery
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Ascending pharyngeal artery

Dens
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Superior
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Fig. 905.

—

Horizontal Section through Mouth and Pharynx at the Level of the Palatine Tonsils.

The stylopharyngeus, which is shown immediately to the medial side of the external carotid artery, and the

prevertebral rnuscles, are not indicated by reference lines.

The palatine tonsils are oval in shape, with the long axes directed vertically,

and each presents a medial and a lateral surface, and a superior and inferior pole,

and an anterior and posterior margin.

The medial surface is prominent and free, studded with small pit-like depressions

called the fossulse or crypts of the tonsil.

The lateral, or attached surface, is enclosed in a distinct fibrous capsule, connected

with the pharyngo-basilar fascia, and this capsule separates the tonsil from the

superior constrictor muscle of the pharynx.
The superior pole is rounded and blunt, and presents numerous fossulae. The

inferior pole projects downwards towards the tongue. The anterior margin looks

towards the glosso-palatine arch, and is often overlapped by the plica triangularis,

the posterior margin is directed towards the pharyngo-palatine arch.
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Relations of the Tonsil.—The Literal relations of the tonsil consist of the fibrous capsule
and the superior constrictor muscle. Lateral to the pliaryngeal wall lies the internal pterygoid
muscle, and beliind it a region filled with connective tissue, containing blood-vessels ana nervea

The nearest and most important vessel is the external maxillary artery, which, especially

if tortuous, has a very close relition to the pharyngeal wall at tliis level.

The ascending palatiiH! and tonsillar lu-anches of the artery are also in close relation.

The internal carotid artery and internal jugular vein lie considerably further back (| to 1

inch) and to the lateral side, and the external carotid artery is still more lateral.

The ascending pharyngeal arteiy is well behind the tonsil.

The size of the palatine tonsils is extremely variable, but as a rule, in early

life, they measure something under 1 inch (20 to 22 mm.) from above downwards,
about J inch (18 lo 20 mm.) antero-po.steriorly, and | inch (12 to 15 mm.) medio-

laterally.

The arteries of the palatine tonsil are derived from the ascending palatine and tonsillar

branches of the external maxillaiy artery, the ascending pharyngeal branch of the external

carotid, and the dorsalis linguaj of the lingual. The veins pass to the tonsillar plexus, on the
lateral sitle of the tonsil, which is an oil'shoot of the pharyngeal venous plexus.

Nerves.—The palatine tonsil receives a special branch from the glosso-pharyngeal ; this unites

witli branches from the pharyngeal plexus to form a small plexus tonsillaris which supplies the
organ.

Tiie lymph vessels are extremely numerous. They begin in a plexus which surrounds each
follicle, whence ves.sel.s pass to the lateral surface of the tonsil. Thence Uiey pass through the

wall of the i)harynx, and pass to the deep cervical glands in the neighbourhood of the greater

cornu of the hyoid bone, behind and inferior to the angle of the mandible.
Structure of the Palatine Tonsils.---Each palatine tonsil is composed of masses of small rounded

lymjjh cells with a delicate connective tissue reticulum. These resemble in structure the folli-

cidi linguales, q.v.

Upon its medial surface it is covered with ei^ithelium, continuous with the epithelium cover-

ing the adjacent parts of the wall of the pharynx. This surface is very irregular, and on section

crypts, termed fossulae toiisillares, are seen to be formed by deep infoldings of the epithelial

wall. On its lateral surface, the lymph tissue is invested by a connective tissue capsule.

Pars Laryngea.—The larsmgeal part of the pharyngeal cavity lies posterior to

the larynx (Fig. 903). It is wide above, wliere it is continuous with the oral portion,

and maintains a considerable width until within about an inch of its termination,

where, posterior to the cricoid cartilage it narrows rapidly and passes down to join

the oesophagus. Except during the passage of food, the anterior and posterior walls

of this latter part are in contact, and its cavity is reduced to a mere transverse slit

(Fig. 906).

The anterior tvall of the laryngeal portion of the pharynx is formed in its whole
extent by the posterior surface of the larynx, of which the following parts are seen

from the pharyngeal cavity (Fig. 901) :—The epiglottis above ; below this the

superior aperture of the larynx, bounded at the sides by the ary-epiglottic folds

;

lateral to these folds is seen, on each side, a deep recess, the recessus piriformis

(Fig. 905). Lower down still, the muscles and mucous membrane which cover the

posterior surfaces of the arytenoid and cricoid cartilages are distinguishable.

Its 2)osterior wall and side walls are directly continuous with the corresponding

walls of the oral portion, and present no features which require special notice.

The recessus piriformis (O.T. sinus pjoiformis) is a deep depression, seen on each

side between the ary-epiglottic fold and the lamina of the thyreoid cartilage. When
viewed from above, as in laryngoscopic examinations, it appears of a piriform

shape, the wider end being directed upwards and forwards. When viewed from
behind, the recess is boat-shaped and elongated in the vertical direction. Its side

wall is formed by the thyreoid cartilage and thyreo-hyoid membrane, covered with

mucous membrane ; its medial wall is formed by the ary-epiglottic fold, and slightly,

below, by the superior part of the cricoid cartilage.

Relations of the Pharynx.—In considering the relations of the pharynx, it is

at once evident that these are very difterent in the superior and inferior portions.

1. Throughout its whole extent it lies anterior to the cervical region of the

vertebral column, and is separated from the bodies of the vertebrte and the inter-

vertebral fibro-cartilages by the loose areolar tissue of the prevertebral or retro-

pharyngeal space, posterior to which lie the anterior longitudinal ligament of the

vertebral column, and the longus capitis and longus colli muscles.
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2. In the neck, on each side, it is in contact with the superior part of the thyreoid

gland, the carotid sheath, and especially the common and external carotid arteries,

and, more posteriorly, the internal carotids.

The branches arising from the inferior part of the external carotid are also in

close relation to the pharyngeal wall, viz., the superior thyreoid and lingual arteries

in the lower part, while the external maxillary artery, as it passes under the

digastric and stylo-hyoid muscles, comes into contact with the superior constrictor

;

and the ascending pharyngeal artery runs upwards by the side of the pharyngeal wall.

3. The relations of the cranial portion are more complex, but are of great

importance. Eeference to Fig. 906 will help to elucidate them. At the upper
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Fig. 906.

—

Horizontal Section through Mouth and Pharynx at the Level of the Palatine Tonsils.

The stylopharyngeus, which is shown immediately to the medial side of the external carotid artery, and the

;.prevertebi-al muscles, are not indicated by reference lines.

part, the wall of the pharynx is related to the internal pterygoid muscles, separated

from them by the levator and tensor veli palatini muscles. As each internal pterygoid

passes posteriorly and downwards to its insertion, it diverges away from the pharynx,

and a triangular space is left between its medial surface and the wall of the pharynx.

The styloid process, and the muscles which arise from it, project downwards into

this space, and lying beside them are numerous vessels and some nerves. Thus,

the styloglossus and stylopharyngeus come into contact with the side wall, and, with

the stylo-pharyngeus, the glosso -pharyngeal nerve. The' ascending palatine and

tonsillar branches of the external maxillary artery ascend in close relation to

the yjharyngeal wall.

The internal carotid artery lies rather further back, with the vagus, accessory

and hypoglossal nerves.
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The external carotid lies more superficially, und is iiere separated by a con-
siderable interval from the pharyngeal wall.

Lastly, a process of the parotid gland may insert itself on the medial aspect of

the internal pterygoid, and come into contact with the pharynx.
The pharyngeal ple.xus of nerves lies in contact with the sich; wall.

Structure of the Pharyngeal Wall. -The wall of the pharynx is strong and
mobile ; it is tirinly fixed ;il)ove to the base of the skull, but below that level it is not
attached tirnily to any surrounding structures, except to the hyoid bone and the skeleton
of the larynx, and hence the inferior end can easily be displaced from side to side in

the neck.

The wall is composed of a strong fibrous membrane, called the fascia pharyngo-
basilaris (< >.T. pharyngeal aponeurosis), lined internally by mucous membrane, and covered
incompletely on its outer surface by a series of three overlapping muscles, the constrictor

muscles of the pharynx.

These muscles are themselves covered externally by a thin layer of fibrous tissue

or fascia, which passes forwards, at its superior part, on to the surface of the buccinator

muscle, and is called the fascia buccopharyngea.
External to this fascia the wall of the pharynx is in contact with loose cellular tissue

by which it is connected to and separated from adjacent structures.

With the wall of the pharynx are associated several accessory muscles, viz., the
nmscles of the soft palate and the stylopharyngeus and pharyngo-palatine muscles, which
blend with the wall but are also attached to the larynx (see p. 466).

The fibrous aponeurosis which forms the principal constituent of the pharyngeal
wall is firmly attached (round the margins of the openings into the pharynx) to other
structures as follows :

—

Above, it blends with the periosteum covering the basilar portion of the occipital

bone in front of the pharyngeal tubercle, and body of the sphenoid bone, and on each
side it extends out to the angular spine of the sphenoid and the apex of the petrous part
of the temporal bone.

On each side, it is attached to the structures which lie on each side of the orifices of

the nose, mouth, and larynx. As it descends it gradually becomes thinner, and is

eventually lost.

The fascia pharyngo-basilaris is particularly strong in the superior part, where there is

an area on each side which is not covered by the superior constrictor muscle. This area
forms the sinus of Morgagni, and here the tuba auditiva and tensor and levator veli

palatini muscles pass through the wall.

Mucous Membrane of the Pharynx.—The supei-ficial layer of the mucous
membrane of the pharynx consists, in the lower part, of a stratified squamous epithelium,

while in the upper or nasal portion it is, in part, composed of ciliated epithelium. In the
superior part of the pharynx and in the side wall, there are found large masses of lymph
tissue, constituting the pharyngeal tonsil in the roof, and the palatine tonsil on each side.

The same tissue is found in considerable amount in the pharyngeal recess and on the
pharyngeal portion of the dorsum of the tongue.

There are also numerous racemose glands, of the mucous type, in the walls of the
pars nasalis, and in the soft palate, and in the ary-epiglottic folds.

Pharyngeal Muscles.—For the details of the attachment and relations of these

muscles, see pp. 464-467.

External to the pharyngeal muscles lies the fascia buccopharyngea.
The fascia pharyngobasilaris, which is thick above and thin below, and the fascia

bucco-pharyngea, which is thin above and stouter below, are practically blended into one
layer above, near the base of the skull, where the muscular coat is absent. Lower
down they are separated by the constrictors, and become two distinct sheets. They
are strengthened in the median plane posteriorly by a fibrous band descending from the

pharyngeal tubercle.

Vessels and Nerves of the Phar3rnx.—The arteries of tlie pharynx are derived from— 1,

the ascending pharyngeal; 2, the ascending jmlatine branch of the external maxiUarj-; 3, the de-

scending palatnie from the internal maxillary, with, a few twigs from the dorsalis linguae,

tonsillar (of external maxillary), the artery of the pterygoid canal, and the pharyngeal branch
of the internal maxillary. The veins go to the pharjmgeal venous plexus, which is found
between the constrictors and the bucco- pharyngeal fascia. The plexus communicates with the
pterygoid plexus above and with tlie internal jugular or common facial vein below.

The lymph vessels of the phar^mx pass chiefly to the superior set of deep cervical glands.
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Those from the superior part of the posterior waU join a few retro-pharyngeal glands which are

found on each side between the pharjTix and the rectus capitis anterior muscle. These latter

glands, which are large in the child, small in the adult, but apj^arently always present (Fig.

906), are of considerable clinical interest, as they often form the starting-point of post-pharyngeal
abscess. For fuller details see section on Lymph Glands.

The nerves of the pharynx, both motor and sensory, are derived chiefly from the pharyngeal
plexus, which is formed by branches of the vagus, glosso-pharyngeal, and sympathetic. The
soft palate and the neighbourhood of the palatine tonsil are supplied by the palatine branches
of the sjiheno-palatine ganglion. The tonsil receives a branch from the glosso-pharyngeal direct.

The A^ault of the pharynx, and the region around the orifice of the tuba auditiva, as well as the

orifice itself, are supplied by branches from the spheno-palatine ganglion. Finally, the

internal laryngeal nerve supplies the mucous membrane of the back of the larynx, where it forms
the anterior wall of the laryngeal portion of the pharynx.

(ESOPHAGUS.
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The oesophagus or gullet is the portion of the digestive canal which intervenes

between the pharynx above and the stomach below. With the exception of the

pylorus, it is the narrowest, and at the

same time one of the most muscular parts

of the whole alimentary tube.

It extends from the termination of the

pharynx, at the inferior border of the cricoid

cartilage and opposite the sixth cervical

vertebra, to the cardiac orifice of the stomach,

opposite the eleventh thoracic vertebra.

Between those two points it traverses the

inferior part of the neck, the whole length of

the thorax, and, having pierced the dia-

phragm, it enters the abdomen, and im-

mediately afterwards joins the stomach. In
its course it does not adhere to the median
plane of the body, but twice leaves it, and
curves to the left. The first of the curva-

tures corresponds to the inferior part of the

neck and the superior part of the thorax,

where the oesophagus projects beyond the

left margin of the trachea to the extent

of ^ or I inch (4 to 6 mm.). It returns

to the median plane at the level of the

fourth thoracic vertebra, posterior to the

aortic arch. Lower down, posterior to the

pericardium, it again passes to the left, and
at the same time forwards, in order to

reach the oesophageal opening in the dia-

phragm (which is placed anterior to and
to the left of the aortic opening), and it

maintains this direction until the stomach
is reached. It leaves the median plane at

the seventh thoracic vertebra, crosses an-

terior to the aorta at the level of the

eiglith thoracic vertebra, and traverses the

diaphragm at the level of the tenth.

In addition to the curvatures just de-

scribed, it is also curved in the antero-

posterior direction, in correspondence with

the form of the vertebral column, upon which it, in great part, lies.

In length it usually measures about ten inches (25 cm.).

Its breadth, where the tube is widest, varies between half an inch (13 mm.)
in the empty contracted condition and an inch or more (25 to 30 mm.) in the

fully distended state.

Thoracic duct

12th thoracic
vertebra

Abdominal aorta

Fig. 907.

—

Diagram to show the Course of

THE CEsophagus.
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When seeu in sections of the frozen

body (Fig. 908), the asophagus usually

appears either as a llattened tube with a

transverse slit-like cavity, or as an oval or

rounded canal with a more or less stellate

lumen. The former condition is more

common in the neck, owing to the pressure

of the trachea, and the latter in the thorax.

When exposed in the ordinary post-

mortem examination soon after deatii, it

has rather the appearance of a solid muscular

rod or band than of a hollow tube.

The (esophagus presents three distinct

constrictions, one situated at its beginning,

another at the point where it is crossed by

the left bronchus, and the third where it

passes through the diaphragm. The two

upper constrictions are of the same size,

and will admit without injury an instru-

ment with a maximum diameter of ^ inch

(20 mm.). At each of these points the

tube is flattened from before backwards.

The oesophagus varies in length in different

individuals, from 8 to 14 inches (20 to 35 cm.).

The distance from the upper incisors to the begin-

ning of the oesophagus averages about 6 inches

(15 cm.).

During life the cervical portion is said, under

ordinary circumstances, to be closed and flattened

from before backwards by outside pressure, whilst

the thoracic portion may be open owing to the

negative pressure in the thorax. The passage into

the stomach is also said to be open (Mickulicz), but

this is doubtfuL
The size at the two constrictions, when the tube

is fully distended, is 23 mm. transversely, and
17 nun. antero-posteriorly. The other parts vary

in diameter between 26 and 30 mm. (Jonnesco).

In its first curvature to the left the divergence

is greatest opposite the third thoracic vertebra.

The second inclination to the left begins about

the seventh thoracic vertebra, and continues to the

end of the oesophagus, being considerably increased

as the diaphragm is approached.

Relations of the CEsophagus.—The
relations (Fig. 908) differ so widely in the

neck and thorax that they must be described

separately for each of those regions.

In the Neck.—Anteriorly lies the trachea

— to the posterior membranous wall of

which the oesophagus is loosely connected by
areolar tissue—and in the groove at each

side, between the trachea and oesophagus,

the recurrent nerve ascends to the

larynx (Fig. 908, A). Posteriorly lie the

vertebral column and the longus colli

muscles, from which the oesophagus is

separated by the prevertebral layer of the

cervical fascia. On each side are placed the

carotid sheath with its contained vessels, and
the corresponding lobe of the thyreoid gland

and the inferioi: thyreoid artery. Owing

Fj^;. A is at level

of the miperior
frtirtlHt thoracic
vertebra, and
shows the chief
relations of the
rcHophagiis in

the neck and
also its diver-

gence to the
left.

IV THORACIC V.

Fig. B, at the 3rd
thoracic verte-

bra, showH the
thoracic duct
lying on left

side of the (Eso-

phagus.

3^'* THORACIC V.

In Fig. C, at the
level of the 5th
thoracic verte-

bra, the left

bronchus is seen
in relation to

the anterior sur-

face of the
cesophagus.

Fig. D is at the
level of the 8th
thoracic verte-

bra, and shows
the pericardium
lying on the
anterior surface

of the oeso-
phagus.

Fig. E, at the 9th
thoracic verte-

bra, shows the
oesophagus in-

clining to the

left just before

liercinp the
iajihraiiui.

9TH THORACIC V.

Fio. 908.

—

Tracings from Frozen Sections to

SHOW THE Relations ok the CEsophagus
at the levels of the 1st, 3rd, 5th, 8th, and
9th thoracic vertebrae, respectively.

*A, Aorta ; C. Common carotid artery ; D, Diaphragm ;

L.B, Left bronchus ; L.C, Left subclavian artery ;

L.R, Left recurrent nerve; L.V, Left vagus; Oe,
(Esophagus; P, Pleura; Pc, Pericardium; R.B,
Right bronchus; R.R, Right recurrent nerve;
R.V, Right vagus; T, Trachea; T.D, Tlioracic
duct ; V.A, Vena azygos.
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to the deviation of the tube to the left in the inferior part of the neck, its relation

to the carotid sheath and thyreoid gland is much more intimate on the left than
on the right side.

In the Thorax.—The oesophagus passes successively through the superior and
posterior mediastina, in the former lying close to the vertebral column, but in

the latter advancing somewhat into the thoracic cavity and coming into contact

with the back of the pericardium. The trachea still lies anterior to it as far as the

fifth thoracic vertebra, where the trachea bifurcates. Immediately below that the

oesophagus is crossed by the left bronchus (Fig. 908, C), and in the rest of its

thoracic course it lies in the closest relation to the back of the pericardium.

Posteriorly, in the upper part of the thorax, it rests on the longus colli muscles and
the vertebral column ; but below the bifurcation of the trachea, as already explained,

it advances into the cavity of the posterior mediastinum, and is soon separated

from the vertebral column by the vena azygos, the thoracic duct, the upper five

aortic intercostal arteries of the right side, and in its lower part by the thoracic

aorta as well.

On its left side, in the upper part of the thorax, lie the left pleura and the left

subclavian artery, with the thoracic duct in a plane posterior to the artery ; in the

middle region, the aorta, and lower down the left pleura again, for a little way,
before the oesophagus pierces the diaphragm. On the right side the tube comes
into relation with the arch of the vena azygos, whilst the right pleura clothes it

both below and above that level.

The two vagus nerves, after forming the anterior and posterior pulmonary
plexuses descend to the oesophagus, where they form, by uniting with one another

and with the branches of the sympathetic, the anterior and posterior oesophageal

plexuses. Lower down the left nerve winds round to the anterior, whilst the right

turns to the posterior surface of the oesophagus, and in this relation they pass with
the tube through the diaphragm to reach the stomach.

The diaphragmatic portion, about half an inch in length (1 to 1-5 cm.), corresponds to the
portion of the tube which lies in the oesophageal orifice (or canal) of the diaphragm. The
plane of this orifice is very oblique or almost vertical, and its abdominal opening looks forwards
and to the left, and but little do-\vnwards. Above and in front, where it is bounded either by the
posterior edge of the central tendon or by a few decussating fibres of the muscular portion of

the diaphragm, which meet behind the tendon, the oesophageal orifice has practically no length,

and consequently the oesophagus here passes into the abdominal cavity immediately after leaving

the thorax. At the sides and behind, on the other hand, the decussating bands from the two
crura, which embrace the orifice, are so arranged that they turn a flat surface (not an edge)

towards the opening, and thus, behind and at the sides, the orifice or canal is of some length
;

and on these aspects there is a portion of the tube in contact with the diaphragm for a distance

of 1 to Ij cm. But this contact takes place not around a horizontal line, but in a very oblique

plane corresponding to that of the orifice.

The CBSophagus, in passing through the orifice, is connected to its boundaries by a considerable

amount of strong connective tissue, but it is extremely diflicult, or impossible, to demonstrate any
direct naked-eye connexion between the oesophageal muscular fibres and those of the diaphragm.

The anterior or right boundary of the oesophageal orifice, formed of fibres derived from both
crura of the diaphragm, is strongly developed and prominent, and usually lies in the oesophageal

groove, on the back of the left lobe of the liver, which groove is rarely due to the pressure of the

oesophagus alone.

The pars abdominalis of the oesophagus is very short, for immediately after piercing the

diaphragm the tube expands into the stomach. However, when the empty stomach is drawn
forcibly downwards, a portion of the front and left side of the tube, about half an inch in length

(1 to 1'5 cm.), is seen, to which the above term is applied. This part is covered with peritoneum,
derived from the great sac in front and on the left, whilst its right and posterior surfaces are

uncovered. It is generally described as lying against the oesophageal groove and the left triangular

ligament of the liver in front, but it never actually comes in contact with the latter of these

structures, which is attached to the upper surface of the left lobe of the liver by one edge, and
to the diaphragm, over an inch in front of the oesophagus, by tlie other. As regards the former,

the oesophageal groove of the liver is generally occupied by the prominent right margin of the

oesophageal orifice of the diaphragm and occasionally by the oesophagus as well. Possibly this

margin is so strongly developed and so promyient in order that it may bear the pressure of the liver

off the giillet, which otherwise might be interfered with in its dilatation during the passage of food.

When the stomach is fully distended the abdominal part of the oesophagus almost disappears,

being absorbed into the stomach in its distension.

The portion of the oesophagus which adjoins the stomach is sometimes descril)ed as consisting

of two parts, namely, the ampulla phrenica and the antrum cardiacum. • The former is a
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fusiform expansion of the tube, of variable length and girth, which lies within the thorax
immediately above the point where tlie gullet is grasped between the two muscular margins
of the oesophageal opening and the diaphragm. It lies in the lowest part of the posterior
mediastinum where this is bounded anteriorly by the back of the diaphragm.

The antrum canliacum is another name for the abdominal portion of the oesophagu.^. It is

funnel-shaped, ami expands towards the stomach.

Relation of the Aorta to the (Esophagus.—The arch of the aorta, i>assing back lo reach
the vertebral column, crosses to tlie itt't side of the oesophagus; consequently the descending
thoracic aorta lies at tii-st to its left ; lower down, however, as the aorta passes on to the anterior
aspect of the vertebral column, and the gullet inclines forwards and to the left, the aorta comes
to lie posteriorly, and then, as the diaphragm is approached, it lies not only posteriori v, but also
somewhat to the right of the oesophagus (P^igs. 907 and 908).

Relation of the Thoracic Duct to the (Esophagus.—The thoracic duct, lying to the right
of the aorta below, is not directly related to tlie cusophagus (Fig. 908, E) ; but higher up
(Fig. 908, D and E) it lies posterior to it About the level of the aortic arch the duct passes to

the left, and above this (Fig. 908, B and A) will be found on the left side of the CD.sophagiis, and
on a jdaiie somewhat posterior to it.

Relation of the Pleural Sacs to the (Esophagus.—Above the level of the arches of the
aorta an^l of the vena azygos, between which the cesophagus descends, the pleurae, though
not lying in immediate contact with the oesophagus, are separated from it only by a little connec-
tive tissue, and on the left side also, behind the subclavian artery, by the thoracic duct (Fig.

908, B). Here, in thin bodies, the left pleura is very close to the oesoi^hagus, and the thoracic duct,
lying on its left side, may occasionally be seen through the pleural membrane. Below the arch
of the azygos vein the right pleura clothes the right side of the oesophagus—and very often even a
considerable portion of its posterior surface too, thus forming a deep recess behind it—almost as
low downi as the oi)ening in the diaphragm. On the left side, below the level of the aortic arch,
the left pleura comes in contact with the gullet, only for a short distance, just above the diaphragm
(Fig. 908, E).

Variations.—The chief anomalies found in the oesophagus are : (1) Annular or tubular con-
strictions

; (2) diverticula, of which the most interesting—known as "pressure pouches"—are
usually situated on the posterior wall close to its junction with the pharynx, and these some-
times require surgical interference

; (3) doubling in part of its course ; and (4) communications
between the trachea and oesophagus.

Structure of the (Esophagus (Fig. 911).—The oesophageal wall is composed of

three proper couts—(1) tunica muscutaris, (2) tela submucosa, and (3) tunica mucosa. In
addition, it is surrounded by an outer covering of areolar tissue (4) tunica adventitia, by
which it is loosely connected to the various structures related to it in its course.
This loose covering permits of its free movement and of its increase in size, or of its

diminution, during the act of swallowing.

The timica muscularis is composed of two layers — an outer of longitudinal,

and an inner of circular fibres. The longitudinal layer is highly developed, and,
unlike the condition usually found in the digestive tube, it is as stout as, or in

places stouter than, the circular layer. Its fibres form along the greater length of the
tube an even covering outside the circular layer, and below they are continued
into the longitudinal fibres of the stomach. Above, near the superior end of the
oesophagus, the longitudinal fibres of each side, separating at the back, pass round
towards the anterior aspect and form two longitudinal bands (Fig. 909), which run up
on the front of the tube, and are attached by a -tendinous band to the superior part of

the posterior surface of the cricoid cartilage (Fig. 909).

The circular muscidar fibres, though not forming such a thick layer as the longitudinal
fibres, are nevertheless well developed. Below, they are continued into both the circular

and oblique fibres of the stomach. Above, they pass into the inferior fibres of the inferior

constrictor of the pharynx.

At the superior end of the oesophagus the muscular fibres are entirely of the striated

variety. Soon unstriped fibres begin to appear ui increasing numbers, and in the inferior

half or two-thirds only unstriped muscle is found.

The longitudinal fibres for about the superior fifth of the tube are entirely striped ; in

the second fifth striped and unstriped are mixed ; whilst in the inferior three-fifths unstriped

fibres alone are present. The circular fibres are entirely striated for the first inch ; after

this unstriped fibres appear ; and in the inferior two-thirds, only unstriped muscle fibres

are found.

The longitudinal fibres are often joined by slips of unstriped muscle, or elastic fibres,

which spring from various sources, including the left pleura (m. pleuro-oesophageus, constant,

Cunningham), the bronchi {m. broncho-oesophageus), back of trachea, pericardium, aorta, etc.

These slips assist in fixing the oesophagus to the surroiniding structures in its passage through
the thorax, and have been aptly compared to the tendrils of a climbing plant (Treitz).

The tela submucosa, composed of areolar tissue, is of very considerable thickness, in
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order to allow of the expansion of the tube during swallowing. It connects the mucous

Longitudinal
fibres diverging'

Trachea

Fig. 909. — Dissection to show the
arrangement of the muscular fibres on
the posterior aspect of the oesophagus
and pharynx. Traced upwards, the
longitudinal muscular fibres of the oeso-

phagus are seeu to separate f)osteriorly

;

passing round to the sides, they form
two longitudinal bands which meet
anteriorly and are united to the cricoid

cartilage, as shown in the next figure.

Inferior

constrictor

Upper border of
CTicoid cartilage

Tendinous band

Longitudinal bands

Fig. 910.

—

The Inferior Part op the Pharynx
AND the Superior Part of the CEsoPHAoushave
been slit up from behind, and the mucous mem-
brane removed to show the muscular fibres. The
two longitudinal bands are seen passing round
to the front to be attached by a common tendon
to the superior border of the cricoid cartilage. See

explanation of last figure.

Epithelium \

Papilla
j

Conn, tissue

Tunica
mucosa

membrane loosely to the muscular coat, and admits of the former being thrown into folds

when empty. In this

coat are contained the

numerous racemose
mucous glands (glandulae

oesophageas) which open
into the cavity of the

oesophagus (Fig. 911).

The tunica mucosa
is of a grayish - pink
colour, much paler than
that of the pharynx,
and of a firm and resis-

tant texture. It is

covered with a thick

stratified, squamous epi-

thelium, on the surface

of which the openings

of numerous glands are

found. Inferiorly, its

junction with the gastric

mucous membrane is

indicated by a distinct,

irregularly dentated or

crenated line, which runs

transversely round the

tube. In carefully pre-

served specimens the smooth mucous membrane of the oesophagus above this line

contrasts strongly with the mamillated gastric mucous membrane below.

Owing to the inelasticity of this coat, and the fact that it is but loosely connected to

^Tunica
musculari.s

Fig. 911.

—

Transverse Section of Wall of Human CEsophagus.
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the muscular coat by the submucosa, it in thrown into a series of longitudinal folds. when
the oesophagus is empty and contracted ; hence the stellate lumen often seen in sections
of the gullet.

Glands. —Numerous racemose mucous glan<lB, tiio glandulse oesophageae, large enough
to be seen distinctly with the naked eye, are found in the submucosu. They are pretty
evenly distributed over the whole tube, and do not appear to be more numerous towards
either end. In addition to these, other glands, resembling closely those of the cardiac end
of the stomach, are found in the mucous membrane of certain portions of the oesophagus.
They are entirely confined to the nuicosa, and do not extend beyond the lamina muscularis
mucosie. These glands are specially numerous at both the upper and lower ends of

the tul)e.

Vessels and Nerves, lis arteries consist of muuerous small branches derived, in the neck,
IVuiii the inferior tliyreoid, in the thorax, from the bronchial arteries and thoracic aorta, and in
the alxlomen, from the left gastric artery, and also from the left inferior i)hrenic.

Tlie veins form a plexus on the exterior of the oesophagus, from which branches pas.s, in
the lower part of the tulje, to the coronary vein of the stomach, and, higher up, to the azygos,
and tliyreoid veins. There is thus establislied on the lower part of the oesophagus a free com-
munication between the portal and systemic veins.

The lymph vessels 2>as3 to the inferior set of deep cervical glands in the neck, and to the pos-
terior mediastinal glands, many of which, of large size, are seen around the tube, in the thorax.

The nerves are derived from the recurrent, and from the cervical sympathetic in the neck,
from the vagus and sympathetic nerves in the thorax.

THE ABDOMINAL CAVITY.

As the remaining parts of the digestive system lie within the abdomen it will

be necessary to describe that cavity, and to refer briefly to its lining membrane

—

the peritoneum—before passing on to the consideration of the viscera which are

contained within it.

The abdomen is that portion of the trunk which lies below the diaphragm. It

consists of a wall, composed in part of bones, muscles, tendons, fascia, etc., enclosing

a large cavity, in which lie the greater part of the digestive, urinary, and generative

systems of organs, as well as blood-vessels, nerves, and other structures. The greater

part of the wall of the cavity, and the surfaces of the viscera, are clothed by a

continuous smooth membrane, the peritoneum. The cavity is completely filled by the

organs mentioned. They lie in contact with one another, and when they are in situ

the so-called cavity is merely a potential space between the peritoneal surfaces of

adjacent viscera. When air is admitted, as, for instance, by opening the abdominal
wall in any place, the viscera fall away from one another and a space is formed, in

place of tlie capillary interval which exists under normal conditions between them.

In the following description, the term abdomen or abdominal cavity is used to

indicate tlie region enclosed by the muscular and bony walls, and the term
peritoneal cavity the potential space inside the peritoneal membrane between the

viscera.

Shape.— In general sliape the cavity is of a somewhat oval form, with the

long axis directed vertically. The superior end is wider than the inferior. It is

strongly flattened from before backwards, and is encroached upon in the median
plane posteriorly by the projection forwards of the vertebral column.

On transverse section, it will be noticed that the front of the vertebral column
lies at no great distance from the back of the anterior abdominal wall (usually

2^ to 3 inches), while on each side of the vertebral column there is a deep recess,

occupied by tlie kidneys and portions of the intestine.

The abdominal cavity is divisible into the abdominal cavity ]>roper and the

pelvis minor. Vertical section of the trunk shows that the pelvis minor (O.T. true

pelvis) lies below and behind the abdominalcavity, of which it forms a funnel-shaped

termination. The long axis of the funnel is directed downwards and backwards.

As the walls of these two regions are nuirkedly different, the boundaries will be

considered separately.

Boundaries of the Abdomen Proper.—The cavity is limited above by the concave

vault of the diaphragm, which is dome-shaped and presents a right and a left cupola
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separated by an intervening depression. Into the right cupola fits the greater part

of the liver ; in the left lie a part of the stomach and spleen. On the superior

surface of each cupola is placed the base of the corresponding lung, whilst between

them, on the depression, rests the inferior surface of the heart.

During expiration, the right cupola ascends almost to the level of the right

nipple ; it is highest at a point about one inch medial to the nipple line, and here

it reaches the superior border of the fifth rib, or even the middle of the fourth inter-

costal space. On the left side it is one-half to one inch (12-25 mm.) lower, and
in the median plane it crosses the inferior extremity of the body of the sternum

about the level of the seventh rib cartilage (Eig. 912).

6th costal cartilage.

rtli costal cartllage-

Lig. teres

8th costal cartilage

Gall-bladdfer-

9th costal cartilage

Liver.

10th costal cartilage

Duodenum.

Right flexure of colon-

Kidney-

Cfecum

Ileiun

Vermiform process-- ,;

—

Xiphoid process

6tli costal cartilage

7th costal cartilage

stomach

•8th costal cartilage

Transverse colon
Qtli costal cartilage

10th costal cartilage
Duodeno-jejunal
flexure

Kidney

Descending colon

Mesentery, cut

Bifurcation of abdominal
aorta

Uiac colon

Pelvic colon

Urinary bladder

Fig. 912.

—

The Abdomen after removal of Jejunum and Ileum.

Beloto, the cavity is continued into the cavity of the pelvis minor.
The anterior toall is formed by the aponeuroses of the three flat abdominal muscles,

obliquus externus, obliquus internus, and transversus abdominis, together with the

two recti, which latter constitute powerful braces for the wall, on each side of the

median plane.

Anteriorly, below the junction of abdomen and pelvis, lies the pubic symphysis.
The body of the pubis looks upwards as well as posteriorly, and appears to form a

support or floor .for tlie viscera contained within the anterior part of the abdominal
cavity.

The side walls are formed by the muscular portions of the obliqui and trans-

versi muscles, and l^elow by the iliac bones and the iliacus muscles.
Finally, the cavity is limited 'posteriorly by the lumbar portion of the vertebral

column, with the crus of the diaphragm and psoas major muscle on each side, and the
quadratus lumborum still more laterally. The iliac bones also enter into the forma-
tion of the inferior portion of the posterior wall.

The superior portion of the cavity lies under cover of the ribs, which afford

considerable protection to that part of the abdomen, particularly at the sides and
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posteriorly, in wliicli latter position the cavity is further protected by the vertebral

columu. Auteriorlv, on tlio other hand, the ribs are wantint; below the stermun,
and there the abdominal wall is lorinod only of aponeuroses and muscles. But even
at the sides and back there is a considerable zone, usually one to two inches wide,

between the lower ribs above and the crest of the ilium below, which has no
bony sujjport except that afforded by the vertebral column.

Wliil.st tlu! circumference of the dia})hragm is attached to the inferior part of

the thoracic framework anteriorly and lateriilly, and to the lumbar vertebra;

postca'iorly, the central portion of the dome, on the other hand, namely, the central

tendon, is placed high up, under cover of the ribs, and in a more or less horizontal

l)lane. As a result, the peripheral muscular part slopes upwards and medially from the

circumference of the thoracic framework to the central tendon, and lies for a con-

siderable distance in contact with the deep surface of the ribs ; thus tiie diajjhragm

comes to form, not only the roof of the cavity, but it also enters into the formation

of the sides, the posterior wall, and, to a less extent, of the anterior wall ; and almost

as much of the cavity of the abdomen as of the thorax lies under shelter of t/ie ribs.

Owing to the fact that the boundaries of the abdomen are formed cliiefly of

muscles, it follows that its walls are capable of contraction to a very considerable

extent, and the size of the cavity can consequently be altered in all directions. Its

chief changes in form are due to the descent or elevation of the diaphragm, the

contraction or relaxation of the anterior wall and the side walls, and the raising

or lowering of the pelvic floor.

The superior aperture of the pelvis minor (Figs. 234 and 235, p. 236), which
separates the two natural divisions of the cavity, is formed behind by the base of

the sacrum, at the sides by the linea terminalis of each hip bone, and in front

by the pubic crests and the sympliysis pubis. In the erect position it usually

makes an angle of about 55 to 60 degrees with the horizontal. The two portions

of tlie abdominal cavity which the superior aperture separates meet at an angle,

the abdomen proper extending almost vertically upwards from it, whilst the pelvic

cavity slopes backwards and slightly downwards.

The pelvic cavity is bounded in front and at the sides by the portions of the

liip bones below the level of the linea terminalis. Those portions of the bony wall are

partly clothed by the obturator internus muscles, and, internal to those muscles, by the

parietal portion of the pelvic fascia, as low down as the arcus tendineus. The posterior

wall is formed by the pelvic surface of the sacrum, covered on each side by the piriformis

muscle. That wall (as represented by the piriformes muscles) meets the side wall

at the anterior border of the greater sciatic foramen ; through that foramen the piriformis

passes out, thus closing up what would otherwise be a large aperture in the parietes of

the cavity. The floor is composed of the two pairs of muscles which form the pelvic

diaphragm, namely, the levatores ani and the coccygei—covered by the visceral layer of the

endopelvic fascia. Those muscles pass, on each side, from the side wall of the pelvis,

downwards and medially towards the median plane, and present a concave superior surface

towards the pelvic cavity.

Within the muscles forming its walls, the abdomen is lined by an envelope of

fascia, which separates the muscles from the extraperitoneal connective tissue and
peritoneum. That fascial layer is distinguished in different localities as :—(1)

the fascia transversalis, on the anterior wall and the side walls, lining the deep

surface of the transversalis muscle and continuous above with the fascia clothing

the inferior surface of the diaphragm
; (2) the fascia iliaca, on the posterior wall,

covering the psoas and iliacus muscles
; (3) the fascia diaphragmatica, covering the

inferior surface of the diaphragm; and (4) the fascia endopelvina, lining the pelvis.

Apertures.—Certain apertures are found in the walls of the abdomen, some of

which lead to a weakening of the parietes. They are : the three openings in the

diaphragm for the passage of the inferior vena cava, the oesophagus, and the aorta,

respectively ; the apertures in the pelvic floor, through which the rectum, the

urethra, and the vagina in the female, reach the surface ; the inguinal canal,

through which the spermatic funiculus (or the round ligament) passes, in leaving the

abdominal cavity ; and lastly, the femoral canal, a small passage which extends down-
wards from the abdomen along the medial side of the femoral vessels. The latter two.
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particularly, constitute on each side weak points in the abdominal wall, through which

a piece of intestine occasionally makes its way, giving rise to inguinal or femoral

hernia respectively. Similar protrusions may also occur at other points in the

abdominal wall, and also through apertures in the pelvic wall.

Tela Subserosa ^(O.T. Extraperitoneal or Subperitoneal Connective Tissue).

—

Between the fascia which covers the deep surfaces of the abdominal muscles, and the

peritoneum which lines the cavity, there is found a considerable quantity of con-

nective tissue, generally more or less loaded with fat, which is known as the

tela subserosa. It is part of an extensive fascial system which lines the whole

of the body cavity, outside the various serous sacs, and it is continued on the

several vessels, nerves, and other structures which pass from the trunk into the

limbs and neck.

In the abdomen it is divisible into a parietal and a visceral portion, both com-
posed of loose connective tissue. The former lines the cavity, whilst the latter

passes forwards between the layers of the mesenteries and other peritoneal folds to

the viscera. The two portions of the extraperitoneal tissue are perfectly continu-

ous with one another, and contain in their whole extent a vascular plexus, through

which a communication is established between the vessels of the abdominal wall,

on the one hand, and those of the contained viscera, on the other.

The parietal 'portion is thin and comparatively free from fat over the roof and
anterior wall of the abdomen, and there the peritoneum is more firmly attached

than where the tissue is fatty and large in amount. In the pelvis minor, on the

other hand, the tissue is loose and fatty, and, as such, it is continued up for some
inches on the anterior abdominal wall above the pubes, to permit of the ascent of

the bladder during its distension, in the interval between the peritoneum and the

anterior abdominal wall. There also the urachus and the obliterated umbilical

arteries wiU be found passing up in its substance. On the posterior wall the

tissue is large in amount and fatty, particularly where it surrounds the great

vessels and the kidneys.

From the parietal portion the visceral expansions are derived, in the form of

prolongations around the various branches of the aorta. Those expansions are

connected with the areolar coats of the blood - vessels and are conducted by
them into the mesenteries and other folds of the peritoneum, and thus reach the

viscera.

The chief uses of the tela subserosa are : (1) to unite the peritoneum to the fascial

and muscular layers of the abdominal wall
; (2) to connect the viscera to those walls

and to one another in such a loose manner that their distension or relaxation may
not be interfered with. That would not be the case if the connecting medium were

firm or rigid
; (3) in addition, it is a storehouse of fat, forms sheaths for the vessels

and nerves, and establishes, through its vascular plexus, communication between
the yjarietal vessels and those distributed to the abdominal viscera.

Subdivision of the Abdomen Proper.—Owing to the large size of the cavity,

and in order to localise more correctly the position of tbe various organs contained

within it, the abdomen proper is artificially subdivided by two horizontal and two
sagittal planes (Fig. 913).

Of the two horizontal planes, one divides the trunk at the level of the lower

border of the tenth costal cartilage ; this is known as the subcostal plane, and
the line where it intersects the abdominal wall is the subcostal line. The second

horizontal plane is at the level of the highest point of each iliac crest which is

visible from the front ; this point corresponds to the tubercle seen on the external

lip of the crest, about two inches posterior to the anterior superior spine, and can

be easily located ; the line and plane are consequently known as the intertubercular

line and plane, respectively.

The sayittal planes are drawn, one on each side, pei-pendicularly upwards from
a point on the inguinal ligament midway between the anterior superior spine and
the symphysis pubis. The planes and the corresponding lines are known as the

lateral planes and lines respectively.

By the two horizontal planes the abdomen is divided into three zones, a superior

or costal, a middle or umbilical, and an inferior or hypogastric zone. By the two
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perpendicular planes each zone is subdivided into three regie (Uh, a central and two

lateral. Thus, in the upper zone, we get a hypochondriac region or hypochondrimn

on each side, and an epigastric region or epigastrium in the centre. Similarly, the

umbilical zone is divided into right and left lumbar regions, with an umbilical region

between. And the hyjinguHtrit; /.nne has a hjrpogastric region or hjrpogastrium in the

centre, with right and left iliac regions at the sidt^s.

In addition, the portion of the abdominal wall above the body of the pubis is

known as the suprapubic region, and that immediately above the inguinal liga-

ments as the inguinal region.

The three central divisions, namely, the epigastric, umbilical, and hypogastric

Right hypochondriac region

Right lumbar region

Right iliac region

Xiphoid process

Epigastric region

Left hypochondriac region

Transpyloric plane

Subcostal plane

Umbilical region

Left lumbar region

Intcrtubercular plane

J^eft iliac region
Hypogastric region

Fig. 913.

—

Planes of Subdivision ok the Abdominal Cavity, and Octune Tracing ok the Liver,

Stomach, and Intestine in Relation to the Anterior Abdominal Wall.

The olilique position of the stomach aud the high positiou of the transverse colon are largely due to the fact

that the subject was in the horizontal position.

regions, can conveniently be further subdivided by the median sagittal plane, passing

through the middle of the body, into right and left halves.

The superior horizontal, or subcostal, plane passes posteriorly, through the superior part of

the third lumbar vertebra, or the fibro-cartilage between the second and tliird lumbar vertebrae.

The intertubercular plane cuts through the middle or superior part of the fifth lumbar vertebra.

The inferior margin of the tenth costal airtilage frequently corresponds to the most dependent
part of the thoracic framework. Often, however, the eleventh costal cartilage descends ^ to ^
inch lower. Nevertheless, the tenth cartilage is selected in drawing the subcostal plane, for two
chief reasons, namely, it is visible from the front as a rule, and it is comparatively fixed, whilst

the eleventh, being a floating rib, is much more movable, is varial>le in length, and more
difficult to locate.

Another plane which is of some practical value is the transpi/loric plane

(Addison). This is a horizontal plane which is taken to intersect the trunk at the

level of the fir.st lumbar vertebra. That level is ascertained during life by taking

the mid-point of a line drawn, on the surface of the trunk, from the superior border
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of the sternum to the upper border of the symphysis pubis. The same level is

obtained usually, but not so accurately, by taking the mid-point of a line drawn
from the xiphi-sternal articulation to the umbilicus.

Contents of the Abdomen.—The following structures are found within the
abdominal and pelvic cavity :—

-

1. The greater part of the alimentary canal, viz., stomach, small intestine, and large intestine.

2. Digestive glands : the liver and jDancreas.

3. Ductless glands: the spleen and the two supra-renal glands.

4. Urinary apparat us : the kidneys, ureters, bladder, and part of urethra.

5. The internal generative organs, according to the sex.

6. Blood vessels and lymph vessels, and lymph glands.

7. The abdominal portion of the cerebro-spinal and sympathetic nervous systems.

8. Certain foetal remains.

9. The peritoneum—the serous membrane which lines the cavity, and is reflected over most of

its contained viscera.

ploicum, with
arrow passed
through it.

Pancreas

Inferior part
of duodenuui

Transverse
colon

PEEITON^UM.

The arrangement of the peritoneum is so complicated, and its relations to the

abdominal contents so intricate and detailed, that it will be expedient to postpone
its complete description until

the various organs, with their

special peritoneal relations, have

-Liver been separately considered.
Nevertheless, it will be necessary

Omental bursa ^0 givc hcrc a general account

Foramen epi- of the disposition of . the mem-
brane, and to refer to some of

the folds which it forms in pass-

ing from organ to organ, or

from these to the abdominal wall.

The peritoneum is the serous

membrane which lines the ab-

dominal cavity and invests most
of the abdominal viscera, to a

The mesentery greater Or Icss degree. Like the

pleurae, pericardium, and other

serous sacs, its walls are com-
posed of a thin layer of fibrous

tissue, containing numerous
elastic fibres, covered over on the

side turned towards the cavity

of the sac by a layer of flattened

endothelial cells forming the

tunica serosa. Like them, too,

the peritoneum in the male is a

completely closed bag, but in the

female this is not the case, for

Fia. 914.—Diagrammatic Median Section of Female Body, the ostium abdominale of each
to show the peritoneum on vertical tracing. The great sac uterine tube OpCUS iuto the SaC,
of the peritoneum is black and is represented as being

v."! f fV. 4- f
' f

much larger than in nature ; the bursa onientalis is very WxlllSt tnC OStmni Uterinum 01

darkly shaded ; the peritoneum on section is shown as a that tubc COmmunicatCS with the
white line

;
and a white arrow is passed through the interior of the uteruS, and thuS,

foramen epiploicum from the great sac into the bursa . t. ,, -ii ji . i>

omentaiis. indirectly. With the exterior oi

the body. Normally the mem-
brane secretes only sufficient moisture to lubricate its surface, otherwise the sac

is perfectly empty, and its opposing walls lie in contact, thus practically obliterating

its cavity.

The use of these lubricated and highly polished serous linings, found in the

uterus

Bladder

Rectum

.Recto-uterine
pouch
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Falciform ligainont
Foramen opiplouMiiii

Stoinai'l

Lessi^r omentum (cut)

Portal vein

Lieno- renal
ligament

Small intestine

Uight kidney

The mesentery

abdomen and certain other cavities, is to facilitate the movements of the contained
viscera during any changes in size or form which they or their containing cavity

may undergo. As a result of this arrangement, notwithstanding the tonic pressure

of the abdominal wall on its contents, the stomach and intestines are free to move
with the greatest ease and the least degree of friction, when any change takes place

either in the organs themselves or in their surroundings.

The peritoneum is a thin glistening membrane, which may aptly be compared
to a coat of varnish

applied to the inner
Round li«an>ent of liver

aspect of the ab-

dominal walls, and
to the surface of the

contained viscera,

except where these

are directly applied

to the walls or to

one another. It

forms throughout its

entire extent a con-

tinuous and distinct

sheet, but it is united

so intimately to the

viscera, and follows

the irregularities of

their walls so closely,

that it appears at

first sight to be a

superficial layer of

these walls, rather

than a separate
membrane. Outside

the peritoneum lies

the tela subserosa

—

already described

—

by which the peri-

toneum is connected

more or less inti-

mately to the fascial

lining of the abdo-

minal walls and
to the abdominal
viscera.

The portion of

peritoneum which
lines the walls of the

cavity is known as

the peritoneum pari-

etale and that which
clothes the viscera

as the peritoneum

viscerale.

If we trace the peritoneum, beginning in front, we find that it lines the deep
surface of the anterior abdominal wall, and is continued upwards to the inferior

surface of the diaphragm (Fig. 914), the greater portion of which it covers. From
the posterior part of the diaphragm it is reflected or carried forwards on to the
superior surface of the liver. From the liver it can be traced over the stomach,
intestines, and other abdominal viscera to the pelvis. In like manner, when traced
laterally from the anterior wall, the membrane will be found to line the sides of

the cavity, and passing backwards to clothe the posterior abdominal wall, and the

Ascending colon

Descending colon

Fig. 915.

—

Diagkammatic Transveusk Sections of Abdomen, to show the
peritoneum on transverse tracing. A, at level of foramen epiploicum ; B,
lower down. In A note, one of the sliort gastric arteries passing to the
stomach between the layers of the gastro-lienal ligament, and also the
foramen epiploicum leading into the bursa omentalis which lies behind the
stomach.
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viscera lying upon it (Fig. 914). It should be pointed out that all the abdominal
viscera are either directly fixed by connective tissue to the posterior abdominal
wall, or connected by blood-vessels with it. In the former case the peritoneum is

reflected directly from the wall on to the viscera ; in the latter it runs along the

blood-vessels to reach the viscera, which it clothes, and then returns to the wall

on the opposite sides of the vessels, which it thus encloses in a fold.

Whilst the greater part of the general peritoneal cavity lies anterior to the

various abdominal viscera, covering them over and dipping down between them, it

should be mentioned that there is a special diverticulum derived from it, situated

mainly behind the stomach, and covering its posterior surface ; this is known as

the bursa omentalis (O.T. small sac), and it will be described in detail later. The
aperture through which one sac communicates with the other is termed the

foramen epiploicum {Winsloioi) {O.T. foramen of Winslow).

In passing from organ to organ, or from these to the abdominal wall, the

peritoneum forms numerous folds, the principal ones being as follows :

—

(1) Omentum Majus,—The greater omentum hangs down like an apron from

the transverse colon, in front of the coils of the jejunum and ileum. It consists

embryologically of four layers of peritoneum, two anterior and two posterior, which
are usually, in the adult, adherent to one another. The four layers form a thin,

translucent, and often perforated membrane. The anterior two layers were origin-

ally connected with the stomach above, and passed down in front of the transverse

colon, but as development proceeds they become adherent to the anterior surface

of the transverse colon. The fold which extends from the stomach to the colon is

termed the gastro-colic ligament. If the anterior two layers are separated from the

posterior two and from the front of the transverse colon, a cavity is formed, con-

tinuous with the bursa omentalis, and the anterior layers of the greater omentum
are directly continuous with the layers of the gastro-colic ligament. This condition

is that usually described in English text-books as the normal adult condition and
is represented in Fig. 914, where the gastro-colic ligament is separated from the

transverse colon, and passes in front of the transverse colon directly into the

anterior layers of the omentum majus, and the great omentum thus descends from

the stomach above.

(2) Omentum Minus.—The lesser omentum is a fold passing from the inferior

surface of the liver to adjacent organs. It consists of two, or occasionally three,

portions :

—

(a) The ligamentum hepatogastricum, a wide peritoneal fold, extending from the

left end of the porta hepatis, the fossa of the ductus venosus, and partly also from
the concave surface of the left lobe of the liver and the caudate process, to the

lesser curvature of the stomach, where it is continued into the peritoneal coats of

the anterior and posterior surfaces of that organ.

(b) The ligamentum hepatoduodenale passes from the porta hepatis to the pars

superior of the duodenum. On the left this fold is continuous with the hepato-

gastric ligament, on the right it ends in a rounded margin. Traced downwards,

the layers of peritoneum which form it clothe the commencement of the

duodenum on two sides, and are continued into the transverse mesocolon, and into

the duodeno-renal ligament.

(c) The ligamentum hepatocolicum is an occasional fold passing from the region

of the gall-bladder to the transverse colon and right colic flexure.

(3) Ligamentum Gastrolienale.—The gastro-splenic ligament (O.T. gastro-splenic

omentum)!^ a douVile layer of peritoneum extending between the fundus of the stomach

and the hilum of the spleen, and continuous below with the gastro-colic ligament.

(4) The ligamentum gastrocolicum extends from the greater curvature of the

stomach to the transverse colon. It consists of two layers of peritoneum, continuous

above with the layers on the anterior and posterior surfaces of the stomach, and
below with the anterior layers of the great omentum.

In English text-books this is not usually recognised as a separate ligament, but
is considered to be a portion of the greater omentum, and to pass downwards in front

of the transverse colon. It will be found, however, that the arrangement in the

adult is usually that described above.
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Mesenteries are folds of peritoneum which uniU; portions of the intestine

to the posterior abdominal wall, and convey to them their vessels and nerves.

There are several mesenteries, e.ij. the mesenterium {mesentery •proi^er'), which
connects the jejunum and ileum to the posterior abdominal wall, the mesocolon
transversum (transverse viesocolon), the mesocolon felvinum (pelvic mesocolon),

and occasionally others.

Other folds, specially named, but described elsewhere, are tht; li^'aments of the
liver, the so-called "false ligaments" of the bladder, the lieno-renal ligament, and
the broad ligaments of the uterus.

VENTRICULUS.

The stomach is the large dilatation found on tiie digestive lube immediately
after it enters the abdomen (Figs. 916 and 920). It constitutes a receptacle in which
the food accumulates after its passage through the ce.sophagus, and in it take

place some of the earlier processes of digestion, resulting in the conversion of the

food into a viscid soup-like mixture, known as chyme. The chyme as it is formed
is allowed to escape intermittently through the pylorus, into the small intestine, where
the digestive processes are continued.

The form and the position of the stomach present great variations, not only

among ditterent individuals, but also in the same individual at different times.

The degree to which it is tilled, the .size and position of adjacent organs, the con-

dition of the abdominal walls, and even the assumption of the erect or the recumbent
attitude can influence its shape and relations.

Of recent years, examination of the stomach by X-rays has afforded information,

otherwise unattainable, of the shape and position of the stomach in life, and of the

changes which it undergoes. The results obtained by this method have consider-

ably modified current conceptions regarding the stomach in the living. A necessary

preliminary to the proper comprehension of these appearances is a careful study
of the stomach as it presents itself to anatomical examination.

General Shape and Position,—In shape, the stomach may be described as an
irregularly piriform or conical organ, with a w4de end directed upwards and
backwards, lying deeply in the hollow of the diaphragm, mainly in the left hypo-

chondriac region, and a narrow tapering extremity which passes downwards and
forwards, and is bent over to the right side, in the epigastric region.

The long axis of the organ forms a spiral curve, directed downwards, anteriorly

and to the right, and finally backwards.

The superior end, or fundus, is almost always dome-shaped, and is distended with

gas, and its wall is thinner and more flaccid than that of the lower portion, which
is thicker and somewhat cylindrical in shape.

The walls of the stomach are composed of an inner thick layer of mucous membrane (tunica

mucosa), supported by submucous tissue (tela submucosa), a miiscular coat, consisting of three

layers, more or less complete, of muscle fibres (tuniai muscularis), running in different directions,

covered externally by a serous, peritoneal investment (tunicii serosa). The sjiecial characters of

each of these walls will be described later.

The stomach presents the following parts for examination :

—

Two surfaces, an anterior (paries anterior) directed at the same time forwards and
to the left, and a posterior (paries posterior) which looks posteriorly and also to the

right. These surfaces meet above and to the right at tlie lesser curvature, curvatura

minor, and below at the greater curvature, curvatura major. At the superior end of

the lesser curvature the cesophagus enters the stomach, at the oesophageal opening,

wliile at the inferior end the stomach passes into the duodenum at the pylorus.

The dome-shaped portion to the left of the cesophagus is the fundus, while the

remainder of the stomach is divisible into the body, corpus ventriculi, and the

pyloric portion, pars pylorica.

The oesophageal opening is termed the cardia, and the portion of the stomach
adjacent to it the pars cajdiaca, while the inferior orifice is termed the pylorus, and
the portion of the stomach adjacent to it is the pars pylorica, a dilated portion of
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Fundus

Paries anterior

(Esophagus

Antrum pyloricum

Tyloiu- —

Sulcus intermedius

B

Ligamentuni gastrolienale

Paries
posterior

Omentum minus

Pvloru.s

Antrum pyloricum

Incisura angularis

Paries anterior

Fig. 916.

—

Three View.s of a Stomach fixed by Formalin Injection in situ.

A. From the front. B. From the back. C. From above.

The orientation of the .stomach was determined by the insertion of long pins into it in

the sagittal, frontal, and transverse planes. These views .show the comparatively
horizontal position of the stomach associated with the horizontal posture of the
trunk. They also show the partial division into chambers produced by temporary
constrictions of the stomach wall fixed by the action of formalin.

which forms the

antrum pyloricum.

Cardia.—The
opening is situ-

ated at the su-

perior end of the

lesser curvature,

on the right side

of the fundus,and

more on the an-

terior than the

posterior surface

of the stomach.

Around this

opening the mus-
cular walls of the

oesophagus and
the mucous
membrane be-

come continuous

with correspond-

ing coats of the

stomach wall.

The longitudinal

muscular coat

passes onwards
into a longi-

tudinal set of

fibres, and the

circular oeso-

phageal fibres

pass into the

circular mus-
cular coat. The
whitish- coloured

stratified squam-
ous epithelium of

the oesophagus is

continuous with

the pinkish-col-

oured columnar
epithelial wall

of the stomach,

and the junction

is marked by a

sharp irregular

line running
round themargin
of the opening.

The orifice

itself is oval or

angular rather
than round,being
compressed from
side to side.

To the right

of the orifice, the

right margin of

the oesophagus
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merges witli a slight curve into the lesser curvature of the stomach, while ou the

left side there is a deep uotch, the incisura cardiaca, between the inferior end of

the cesophagus and the fundus, in which lies a strong projecting ridge of the

right crus of the diaphragm.
This uotch on the outer surface produces a fold in the interior of the stomach,

which may assist in closing the ajsopliageal opening, and tliis, with the decussating

fibres of the diaphragm, and the strengthened circular fibres of tlie inferior end of the

cesophagus, forms a kind of sphincter for this orifice which serves to prevent

regurgitation from the stomach under ordinary condition.

The oardia is very deeply placed, and lies about four inches behind the sternal

end of the seventh left costal cartilage, at a point one inch from its junction

with the sternum. Posteriorly it corresponds to the level of tin- eleventh Ihoraeie

vertebra.

Owing to the fixation of the oesophagus by its pa.ssage tlirough tlie diaphragm, and the close

connexion between the stomach and the diaphragm, near the cardia where the peritoneum is

absent, this is the most fixed part of the whole organ. The object of this immobility is

evidently to maintain a clear passage for the food entering the stomach.

Pylorus.—The pyloric orifice or pylorus is the aperture by which the stomach
communicates with the duodenum. It is placed at the extremity of the pyloric

end of the stomach, and its position is indicated upon the surface of the stomach
by a slight annular constriction which is most marked at the curvatures.

Its position is also indicated by an arrangement of blood-vessels at the pyloric ring, which is

nearly constant. On the peritoneal surface a thick vein passes upwards from the lower side

somewhat more than half-way on the anterior surface, and from the upper border a second vein

reaches downwards in the same line, nearly, if not quite, meeting the first (W. J. Mayo).

The pyloric constriction marks the junction of stomach and duodenum, and

there the various coats of these portions meet with one another. The peritoneal

covering of the stomach is continued onwards on to the first part of the duodenum.
At the pylorus the muscular fibres have a special arrangement, which is due

to the presence of a mechanism for arresting the escape of food from the stomach

before it has undergone digestion. The longitudinal fibres of the stomach (stratum

lougitudinale) are in part continued onwards into the longitudinal fibres of the

duodenal coat, but many of them bend inwards into the thickened ring around the

opening, where they spread out in diverging bundles, which interlace with the most

superficial of the circular fibres, and some of them reach and terminate in the

subjacent submucosa.

The circular muscular fibres of the stomach (stratum circulare) are not

continuous directly with tliose of the duodenum. On the contrary, at the orifice

they become very much increased in number, and they form a thick ring, or

sphincter, which is separated from the circular muscular coat of the duodenum
by a fibrous septum.

The length of this sphincteric ring is not easily estimated, for while it is

sharply marked off from the duodenum there is no sharp line of demarcation on

the gastric side. There the ring gradually merges into the circular muscular coat

of the cylindrical pyloric canal.

When the pyloric canal is contracted, its wall is nearly as thick as the sphinc-

teric ring.

The gastric mucous membrane (tunica muscosa) is continued into the mucous
membrane of the duodenum at the distal margin of the sphincter. The junction

cannot be recognised by superficial inspection. The gastric mucosa is considerably

thickened where it covers the sphincter muscle. When examined post-mortem in

the ordinary way, the aperture, viewed from the duodenal side, is somewhat oval in

form. When seen from the opposite side, it presents an irregular or stellate

appearance, owing to the fact that the rugje of the gastric mucous membrane are

continued up to the orifice.

The orifice is directed horizontally backwards, and to the right. When the

stomach is full, however, it looks almost directly backwards, or even slightly to the

left side.
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The pylorus rests on the neck of the pancreas below and posteriorly, and is over-

lapped by the liver above and anteriorly. When the stomach is empty the pylorus

is usually placed near (i.e. within -\ inch, 12 mm. of) the median plane, below the left

lobe or sometimes the quadrate lobe of the liver, and at the level of the first lumbar
vertebra, or the fibro-cartilage between this and the second lumbar. During disten-

tion it is pushed over beneath the quadrate lobe for a variable distance, but very

rarely more than 1| or 2 inches to the right of the median plane. Its average

position can be marked on the surface of the body by the intersection of two lines

;

one drawn horizontally half-way between the top of the sternum and the pubic crest

(Addison), the other drawn vertically a little way (| inch, 12 mm.) to the right of

the median plane.

During tlie earlier stages of gastric digestion the sphincter pylori is strongly contracted

and the aperture firmly closed, but it opens intermittently to allow of the passage of properly

digested portions of the food. As digestion advances the sphincter probably relaxes somewhat

;

but in hardened bodies a really patent pylorus is rarely or never found, wliich would seem to

Pyloric sphincter Circular muscle
7 ,,,,,jitii'1ii!;il iHuscnlar fnat i fibres of the duodenum

I
I Duodenal glands

Longitudinal muscular coat
(duodenum)

Mucous membrane
of the duodenum

^^^ -I .-
Duodenum

I
1 I

-"^
'

'*"---''

Pyloric canal ! i \

Longitudinal muscular coat ;

|

Mucous coat j

Pyloric sphincter i
|

Pyloric orifice i

Duodenal glands

Fig. 917.—Longitudinal Section through the Pyloric Canal and Commencement of the

Duodenum in a New-born Child. (From Stiles.)

indicate that the pylorus is normally closed, or nearly so, and that its opening is an active rather

than a passive condition, as in the case of the anal canal.

As regards its size, the pylorus is stated to be about ^ inch (12-5 mm.) in diameter, but there

is no doulit that this represents neither its full size nor its calibre when at rest. Foreign

bodies with a diameter of | to 1 inch have been known to pass through the pylorus without

giving rise to trouble, even in children. On the other hand, when at rest, with an empty

stomach and duodenum, the aperture is practically closed.

Curvatura Ventriculi Minor.—The lesser curvature is directed towards the

liver, and corresponds to the line along which a fold of peritoneum called

the hepato-gastric ligament is attached to the stomach, between the pyloric and

oesophageal orifices (Fig. 916). The fold connects the stomach arid liver, and

between its two layers the gastric vessels run along tlie curvature of the stomach.

While the lesser curvature is, on the whole, concave, it consists of two portions

which meet and form a sharp angle, called the incisura angularis, situated nearer

the pyloric than the cardiac end, though its position varies with the condition of the

stomach. The superior or left portion is nearly vertical, and continues the direction

of the right margin of the oesophagus, while the inferior or right portion is more

nearly horizontal, when viewed from the front. The depth and acuteness of the angle

between these two segments varies witli the degree of distension of the stomach.

When the pyloric portion of the stomach is full, the inferior portion of the lesser
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curvature l)ecome8 distended, and that portion of the border becomes convex in

outline.

The lesser curvature does not form a straight line along the surface of the
stomach, for at the left end it turns forwards somewhat on to the anterior surface

of the stomach, to the j dace where the cardiac orifice is situated. In length, the
lesser curvature measures scjuio 3 to 4 inches.

Curvatura Ventriculi Major.—The greater curvature of the stomach is usually

over three tinuss as long as the lesser curvature, and corresponds to a line drawn from
the cardia over the summit of tlie fundus (Fig. 91G), and then along the most i)roject-

ing portion of the stonuich as far as the pylorus. In general, it is directed to the left

and forwanls, but at its beginning, near the cardia, it of course looks in a different

direction. Tlie great curvature corresponds in the greater part of its length to the

attachment of tlie gastro-splenic

and gastro-colic ligaments,folds of

peritoneum passing to the spleen

and to the transverse colon respec-

tively ; and in close relation to it,

between their layers, run the right

and left gastro-epiploic vessels.

This border of the stomach,

like the lesser curvature, does

not present a uniformly curved
outline. Towards the pylorus

a notch is often found, called the

sulcus intermedius. The portion

to the right of this sulcus is

known as the pyloric canal.

On the left side of this notch,

the greater curvature bulges for-

wards, forming a chamber called

the antrum pyloricum, and the

projecting rounded prominence
which it forms is, in some phases

of digestion, marked off from the

rest of tlie body of the stomach
by a temporary indentation.

Other indentations which are

sometimes found on the greater

curvature, or the body of the

stomach, are probably due to

temporary peristaltic waves of

contraction.

Paries Anterior.—The an-

terior surface of the stomach is

more convex and more extensive

StALE IN INCHES SCALE IN CENTIMETRE?

Fig. 918.

—

Abdosikx ok Female, showing Disri..\cE.ME.NTs

RESULTING FROM TlGHT LACING.

The liver is much enlarged, and extends on the left side to the

ribs, where it was folded back on itself for over an inch.

The pyloric end of the stomach and the beginning of the

duodenum are quite superficial below the liver, and all the

viscera are displaced downwards. (From a photograph of a

body hardened by injections of formalin.)

than the posterior. It lies, when the organ is

distended, in contact with the inferior surface of the left lobe of the liver medially,

the vault of the diaphragm laterally, and the anterior abdominal wall below (Fig.

916). When the stomach is empty, on the other hand, the transverse colon doubles

up in front of it, and separates its anterior surface from the liver and diaphragm

and a])dominal wall.

Paries Posterior.—The posterior surface looks downwards and posteriorly. It

is more flattened than the anterior, and is moulded by the structures upon which

it rests.

Thus, to the left is a flattened area, pas.sing on to the fundus, which is in con-

tact with the diaphragm and the spleen. To the right of the fundus, the posterior

surface is divisible into two areas, lying in different horizontal planes, a superior

and an inferior, separated by a slight ridge. The superior portion, nearly vertical,

lies in contact with the left kidney and supra-renal gland and the diaphragm
;

and the inferior portion, more horizontal, is in contact with the pancreas,
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transverse mesocolon, and transverse colon. These structures constitute the

posterior wall of the bursa omentalis of the peritoneal cavity.

Between the two areas, the wall comes into contact with the splenic artery

as it runs along the superior border of the pancreas.

The different portions into which the stomach may be divided are as follows :—

Aorta

Fossa for caudate lobe

Right inferior plirenic vessels

Inferior vena cava

Hepatic vein

Hepatic arteiy

Portal vein\

Pylorus^

Bile-duct

Oesophagus

Left gastric artery

Diaphragm

Left supra-renal gland
/

I I Splenic artery

/ / / Kidney

Right supr Anterioi surface of pancreas

Gastric surface of spleen

^uleiior surface
X of pancreas

Attachment of
transverse
mesocolon

KxDuodeno-
'"^' Jeinnal flexure

^ ^s,^ Gastro-duodenal
^aitery and neck

of pancreas

Superior mesen-
teric artery

Duodenum

Ureter

Right common iliac

vein

Right common iliac

artery'

Left common iliac

vein

Colon

Fig. 919.

—

The Visceua and Vessels on the Posterior Abdominal Wall.

The stoinacli, liver, and most of the intestines have been removed. The peritoneum has been preserved on the

right kidney, and also the fossa for the caudate lobe. When the liver was taken out, the vena cava was

left behind. The stomach bed is well shown. (From a body hardened by chromic acid injections.)

Fundus Ventriculi.

—

The fundus is that portion of the stomach which lies above

a horizontal plane drawn through the oesophageal opening. It is rounded or dome-

shaped. This shape seldom alters, whatever the condition of the stomach may
be. It is usually filled with gas.

Corpus Ventriculi.

—

The body of the stomach, extends from the fundus to
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the incisura angularis on the lesser curvature, and to the notch on the greater

curvature already described. It forms a rounded chamber, capable of great disten-

sion, but when the stomach is empty it contracts to a narrow tube-like structure.

As the stomach is seldom completely empty, the body usually tapers from the

fundus to the proximal end of the pyloric portion (Fig. 925).

Pars Pylorica.—The pyloric portion of the stomach extends from the incisura

angularis in the lesser curvature, and a variable and inconstant notch on the

greater curvature, as far as to the pyloric orifice (Fig. 925).

It ditt'ers from the body of the stomach in being more tubular in shape, and
possessing thicker walls.

It has been divided anatomically into two portions, the pyloric canal and the

antrum pyloricum respectively.

The pyloric canal is a short more or less tubular portion rather more than

an inch in length, extending from the sulcus intermedius on the greater curva-

ture to the pyloric constriction. The proximal portion, called the pyloric antrum,

Iiicittura lingular)

Corpus veiitrltul I'.. 1.1 ijf stomach wall

Pylorus

Vesica fellea

OmentuD) majii

Diictuii hepiiticus
aud art<*ria

cystica

Splenic artery
anterior to aiipi-a-'

renal ^land

Diaphrngm

Left cms of ch q

Aorta DuctuR i

abdominalis thoracictis Cauda cqui

Fio. 920.—Transverse Section op the Trunk at the Level of the first Lumbar VERTEBRiE.
Showing relations of stomach, pancreas, kidneys, etc. From a suhject ten years old.

is more expanded. It is not clearly demarcated from the body of the stomach
by any constant line of division on the greater curvature. On the lesser curvature
it extends from the incisura angularis to the pyloric canal, and it is occasionally

pouched outwards on the side of the greater curvature so as to form a chamber or

pouch, the " camera princeps " of His.

RELATIONS AND CONNEXIONS OF THE STOMACH.

When the stomach has been removed, after the body has been hardened, a chamber or recess

is exposed, known as the stomach chamber. It is (Figs. 920 and 921) a space in the upper and
left portion of the abdominal cavity which is completely occupied by the stomach when that

organ is distended, but into which the transverse colon also passes, doubling up in front of the

stomach, when the latter is empty.
The chamber presents an arched roof, an irregularly sloping floor, and an anterior wall.

The roof is formed partly by the visceral stirface of the left looe of the liver, and in the rest of
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its extent by th.e left cupola of the diaphragm, which, arches gradually downwards behind
and on the left to meet the floor.

The floor OT "stomach bed" (Fig. 921) is a sloping shelf on which the posterior surface of the

stomach rests, and by which it is supported. The bed is formed posteriorly by the superior pole of

the left kidney (with the supra-renal gland) and the gastric surface of the spleen ; anterior to

this, by the wide anterior surface of the pancreas ; and more anteriorly still, by the transverse

mesocolon running forwards above the small intestine, from the anterior edge of the pancreas to

the transverse colon (Fig. 921), which completes the floor anteriorly.

Finally, the anterior wall of the stomach chamber is formed by the abdominal wall, between
the ribs on the left and the liver on the right side.

This chamber is completely filled by the stomach, when that organ is distended; When, on
the other hand, the stomach is empty and contracted, it still rests on the floor, or stomach bed,

but occupies only the inferior portion of the chamber, whilst the rest of the space is filled by the

transverse colon, which turns gradually upwards as the stomach retracts, and finally comes to

lie both above and in front of that organ and immediately beneath the diaphragm—a fact to be

remembered in clinical examinations of this region.

Peritoneal Relations.— The stomach is almost completely covered by
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Fig. 921.

—

Stomach Chamber viewed from the Front and from Below.

From the specimen figured in Fig. 912, after removal of the stomach.

peritoneum—the anterior surface being clothed by that of the general peritoneal

sac, and the posterior surface by the anterior layer of the bursa omentalis (see p. 1162).

jf'rom the lesser curvature the hepato-gastric ligament extends to the liver, whilst

to the greater curvature the gastro-lienal and gastro-colic ligaments are attached.

Finally, a small peritoneal fold, known as the gastro-phrenic ligament, is found

running from the stomach up to the diaphragm along, the left side of the

oesophagus.

A small irregularly triangular area (Fig. 919), about 2 inches wide and 1^ inches from above

do-wnwards, during moderate distension of the stomach, on the posterior surface below and to the

left of the cardia, is not covered with peritoneum, and over it the organ is in direct contact with

the diaphragm, occasionally also with the superior extremity of the left kidney and the supra-

renal gland. From the left angle of this " uncovered area " the attachment of the gastro-lienal

ligament starts ; and at the right angle is the commencement of a fold through wliich the left

gastric artery passes to the stomach. This fold is called the left gastro-imncreatic fold.

The right gastro-pancreatic fold is a fold of peritoneum passing from the right extremity of
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the superior jKirt of tlic piincrcas to tlie first i)art of tin; duodenum. It encloses the hepatic
artery.

Size and Capacity of the Stomach.—Probably no organ in the body varies more
in size witliiii the limits of lioalth than the stomach. Moreover, as its tissnes change so

ra[)idly after death, measurements made on softened and relaxed organs are not only
worthless but ([uite misleading. Consetjuently it is ditlicult, perhaps impossible, to arrive

at a correct estimate of its size and capacity.

The lenijtk of tiie ston)ach in the fully distended condition is about 10 to 11 inchcH

(25 to 27'5 cm.), and its greatest diamettr not more than 4 to 4^ inches (10 to 1 12 cm.)

;

whilst its cajMicitt/ in the average state rarely exceeds 40 ounces, or 1 quart.
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—

The Coukse ok the TjAUGe Intestine. The jejunum and ileum have been removed.

The length has been estimated by different authorities at from 10 to 13i inches (26 to 34

cm.) ; its diameter, from 3^ to 6 inches (8 to 15 cm.) ; and its capacity from l| to 5 pints. The
measurements of the capacity given by Dr. Sidney Martin are probably the most accurate : he

states that the capacity varies between 9 and 59 oz., with an average of from 35 to 40, or a little

over a litre.

The distance in a direct line from the cardiac to the pyloric orifice varies from 3 to 5 inches

(7-5 to 12-5 cm.), and that from the cardia to the summit of the fundus from 2k to 4 inches

(6-2 to 100 cm.).

As regartls the iveujht, the average of twelve wet specimens freed from their omenta was

found to be 4^ oz. (135 gnus.), with a maximum of 7 oz. (198-45 grm&) and a minimum of

3h cz. (9922 grms.). Glendinning gives the weight as 4i oz.

In the child at birth the stomach is scarcely as large as a small hen's egg, and its

capacity is about 1 oz. (283 grms.). In shape it corresponds pretty closely to that of

the adidt, and tiie fundus is well developed. It is vertical in position.

Displaced Stomach (Fig. 918).—Aa a result of disease, or of constriction of the

superior part of the abdomen, the stomach is occasionally displaced in position and distorted

in shape, so that instead of running obliquely forwards, downwards, and to the right,

it is placed nearly vertically along the left side of the vertebral column, in which direction

it has a very considerable length. Its inferior part bends i-ather suddenly, and runs upwards
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and to the right to join the pylorus, which is often placed quite superficially below the

liver. As a result of the displacement, the left extremity of the pancreas is pushed

downwards from the horizontal until it almost assumes a vertical position. The narrowing

and invei'sion of the inferior margin of the thoracic framework at the same time constricts

the stomach about its middle, and may lead to a bilocular condition.

Hour-glass or Bilocular Stomach.—This is a condition of the organ, by no means rare,

in which the stomach is more or less completely separated into two divisions—a cardiac and
a pyloric—the normal arrangement in certain rodents and other animals. As a rule the former

division is the larger, but occasionally the two are nearly equal, or the pyloric portion may
exceed the cardiac in size. Sometimes the condition is temporary, and the result of a vigorous

contraction of the circular muscular fibres at the seat of constriction. In other cases it is

Fio. 923.

A. Empty stomach in vertical position as defined by the X-rays.

B. Filled stomach in vertical position as seen with the X-rays.

G. Half-filled stomach in vertical position as seen with the X-rays.

D. Half-filled stomach in horizontal position as seen with the X-rays.

permanent, and may be due to cicatricial contraction after gastric ulcer, or to some other patho-
logical condition. The condition is more frequent in the female than the male, and is rarely

found in the foetus or child.

Position of the Stomach.— When empty, or nearly so, the stomach Hes in the

left hypochondriuin and left part of the epigastrium, with its fundus directed

posteriorly towards the diaphragm, its long axis lying almost in a horizontal

plane and its pyloric part running to the right to join the duodenum. In
this state the whole organ is narrow and attenuated, particularly the pyloric part,

which is contracted, and resembles a piece of thick-walled small intestine.

When distended, both the cardiac and pyloric parts become full and rounded
(Fig. 923). It still lies within the hypochondriac and epigastric regions; but in

exceptional cases, or in extreme distension, it may pass down below the subcostal
plane and reach into the umbilical and left lumbar regions. As a result of the
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general increase iu length which takes place during distension, the pylorus is

moved a variable distance to the right beuuntli the quadrate lobe of the liver,

and at tlie same time the long axis of the whole organ becomes much more
oblique, running forwards, downwards, and to the right. Finally there is

developed a special dilatation of the pyloric part, known us the antrum pijloricum,

which iu extreme distension is carried so far to the right that it may even reach

to the liypoehondriuni.

Shape and Position of the Stomach as seen by X-Ray Examination.—Examination
of tlie stomach by means of X-rays after a " bismuth meal " has given important
information about the shape and position of the stomach in the living, and about
the cliauges which occur as the stomach tills and empties.

These examinations corroborate, iu great part, the conclusions wliicb have been

arrived at by the study of formalin specimens so far as the shiipe of the stomacli,

and its division into parts, is concerned. In regard, however, to the position and
direction of the stomach. X-rays show that the stomach in the living, and especially

in the erect attitude, is more vertical than it is after death, and when the body
is examined in the horizontal position. In the upright position, in fact, the long

axis of the organ appears to be nearly vertical. The general shape and position

of the stomach in the vertical position, moderately distended, is shown iu Fig. 923.

From this it will be seen that not only is the body of the stomach nearly vertical,

but that the greater curvature reaches down to the umbilicus, and may descend

even beyond it. The pyloric part is directed upwards, as well as backwards, and
the pylorus is not usually the lowest point of the stomach.

The other anatomical features of the stomach described above are well brouglit

out. Thus the fundus is a hemispherical dome, lying to tlie left of the terminal

portion of the oesophagus, and continuous in outline with the body of the stomach.

It usually contains gas, and appears translucent to X-rays. The body is of uniform

outline, and the pyloric part is marked off from it by the incisura angularis, on

the lesser curvature. Further, the pyloric part shows division into pyloric antrum
and pyloric canal. The incisura angularis and sulcus intermedins are distinct.

The position of tlie stomach is greatly influenced by attitude and by the con-

dition of the abdominal muscles. Contraction of the abdominal muscles can elevate

the stomach from 5 to 13 cm., or 2 to 5 inches, and the change from the horizontal

to the erect attitude alters the height of the inferior border from 2 to 10 cm. This

sinking which occurs in the alteration from the horizontal to the erect attitude,

accounts largely for the differences fouud between the stomach seen in the post-

mortem room or on tlie operating table and the stomach displayed by means of

X-rays. Thus, if the stomach figured on p. 1167 be considered fixed at the cardiac

end, and somewhat fixed at the pylorus, and the pyloric antrum and greater

curvature should sink downwards, the shape, as seen from the front, would closely

resemble the X-ray appearances found often in the living.

The empty stomach is a contracted tubular organ, except at the fundus, where
it appears to be always dilated. When food is taken, when the individual is

standing or sitting, it runs down to the point where the gastric walls are iu contact

with one another. The distal portion of the stomach dilates for some distance, or

at least as far as the pyloric canal.

As the stomach becomes filled the whole of the body of the organ becomes

dilated, but the fundus and cardiac portion more particularly so, and these two latter

regions act as a storehouse.

There is no definite division of this portion from the remainder of the stomach

by a permanent sphincter, but the peristaltic waves of contraction begin about the

middle of the organ, and form a fleeting constriction between the two parts.

As peristalsis goes on, the tubular pyloric part relaxes somewhat. The waves

of peristalsis here become so deep as to divide this portion into chambers. The
food substances are forced through the pylorus by successive waves of peristalsis,

and in the form, usually, of jets which impinge against the posterior aspect of

the duodenal wall.

Should there be undigested masses, the pyloric valve relaxes to allow them also

to pass into the duodenum.
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Tunica
mucosa

Steuctuee of the Stomach.

The stomach wall is composed of four coats—namely, from without inwards : (1)
Tunica serosa, (2) tunica muscularis, (3) tela submucosa, and (4) tunica mucosa (Fig. 924).

Tunica Serosa.—The serous coat is formed of the peritoneum, the relations of which
to the stomach have already been described. It is

closely attached to the subjacent muscular coat,

except near the curvatures, where the connexion

is more lax; and it confers on the stomach its

smooth and glistening appearance.

Tunica Muscularis.—The muscular coat, which
is composed of unstriped muscle, is thinnest in the

fundus and body, much thicker in the pyloric

portion, and very highly developed at the pylorus.

It is made up of three incomplete layers— an
external, stratum longitudinale ; a middle, stratxim

circulare ; and an internal of oblique mugcular fibres,

fibroe obliquoe.

The stratum longitudinale consists of longitu-

dinal fibres, continuous with those of the oesophagus

on the one hand, and those of the duodenum on
the other (Fig. 926, A). They are most easily

demonstrated on the lesser curvature, where they
can be traced down from the right side of the

oesophagus. Over the greater curvature and on the

two surfaces they are present as an extremely thin

and irregular sheet. Towards the pylorus the longi-

tudinal fibres grow much thicker, and. also much
tougher and more closely united, and they take part

in the formation of the pyloric valve.

A specially condensed band of these can be often
made out both on the front and back at the antrum pyloricum, the form of which is said to be
due to their i)resence. These bands are known as the ligamenta pylori (pyloric ligaments).

Tunica serosa ^^^^p^

Fig. 924.

—

Transverse Section through
THE Wall of a Human Stomach, x 250.

Pyloric

I'yloric antrum

Fig. 925.—Muscular Coat of the Stomach, seen from witliin after removal of the mucous and submucous
layers. The anterior half of the stoniacli is sliown, viewed from behind (Cunningham).

The stratum circulare is composed mainly of circular fibres, continuous with the more
superficial of the circular fibres at the lower end of the oesophagus (Fig. 925). They
begin as a set of U-shaped bundles which loop over the lesser curvature at the right of
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the cardia, and pass downwards and to the left on both surfaces. Further to the right

these looped fibres are succeeded by circles which surround the organ completely. Traced

towards the narrow end of the stomach, the circular bundles grow thicker, and at the

pylorus they undergo a further in-

crease, giving rise to the pyloric

sphincter which surrounds the orifico

as a thick muscular ring.

The Jibrai ohliquw, forming the

inner layer, consist of fil)res which

are arranged on the fundus and ad-

jacent parts of the stomach, in much
the same manner as those of the

middle layer are on the body and

pyloric part of the organ (Fig. 92G,

C). They arc continuous above with

the deeper circular fibres of the in-

ferior end of the oesophagus, and form

U-shaped bundles which loop over

the stomach immediately to the left

of the cardia, and run very obliquely

downwards and to the right for a

considerable distance on both sixrfaces

of the organ. These looped fibres,

as they pass to the left, gradually

become less oblique, and finally form

circles which surround the wide end

of the stomach completely, even as

far as the summit of the fundus.

The oblique fibres can be most readily

shown by removing the circular fibres

on either surface below the cardia.

When traced towards the right, they

will be found to terminate by turning

down and joining the fibres of the

circular layer.

Tela Submucosa. — The sub-

mucous coat is a layer of strong but
loose connective tissue, which lies

between and unites the muscular and
mucous coats (Fig. 924). It is more
loosely attached to the muscular and
more closely to the mucous coat, and
it forms a bed in which the vessels

and nerves break up before entering

the mucous membrane.
Tunica Mucosa.—If examined in

the fi'esh state soon after death, the

mucous coat is of a reddish-gray

colour and of moderate consistence.

When examined some time after

death, the colour turns to a darker

gray, and the whole membrane be-

comes softer and more pulpy. It is

thicker (over 2 mm.) and firmer in

the pyloric than in the cardiac part,

and is thinnest at the fundus, where it often shows signs of post-mortem digestion.

When the stomach is empty all three outer coats, which are extensile, contract ; whilst

the inextensile mucous coat, as a result of its want of elasticity, is thrown into

numerous prominent folds or rugce, which project into the interior and, as it were, occupy
the cavity of the contracted organ. These are, in general, longitudinal in direction,

with numerous cross branches, and they are largest and most numerous along the

greater curvature. They disappear when the stomach is distended.

When the surface of the mucous coat is examined in a fresh stomach, it is seen to

Fig. 926.

—

The Three Layers ok the Muscular Coat ok

THE STONfACH. A, E.vtcnial or longitudinal layer ; B,

Middle or circular layer ; C, Internal or obliciue layer,

rt, Longitudinal fibres of oesophagus ; b. Superficial circular

fibres of oesophagus pa.ssing into circular fibres of stomach

in B ; c, Deep circular fibres of a?sopliagus passing into

oblique fibres of stomach in C ; d, Oblique fibres forming

rings at the fundus ; e, Submucosa.
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be marked out into a number of small, slightly elevated, polygonal areas, arece gastricce,

by numerous linear depressions ; the mucous membrane is consequently said to be

mamillated (Fig. 927, A). These little areas, which measure from 1 to 6 mm. in

diameter, are beset with numerous small pits, foveoloe gastricce, about "2 mm. wide,

which are the mouths of the gastric glands, and they are so closely placed that the

amount of surface separating them is reduced (particularly in the pyloric portion, where

the gland mouths are widest) to a series of elevated ridges, plicce villosce, resembling

villi on section. Although the gland mouths cannot be seen with the naked eye, a very

slight magnification is sufiicient to show them clearly ; it is also possible to see the

gland tubes leading off from the bottom of each (Fig. 927, B).

Minute Structure of the Mucous Coat.— In structure the mucous coat consists of an
epithelial covering composed of long columnar cells, and of numerous tubular glands, glandulce

gastricce, which are prolonged out-

wards from this surface, and which
are enclosed in a delicate connective

tissue stroma, with some small lymph
nodules, noduli lymphutici gastrici.

The bases of the glands reach out-

wards to the lamina muscularis
mucosEe, a layer consisting of an ex-

ternal longitudinal and an internal

circular layer of plain muscle fibres.

Glandulae Gastricae.—These con-
sist of a duct terminating in one or

more secreting tubules. The duct is

lined with columnar epithelial cells,

similar to those which cover the sur-

face of the mucous membrane. Three
varieties of glands are found in dif-

ferent regions of the stomach, and
are named from their position

—

(1) Cardiac Glands.— These
glands are situated close to the oeso-

phageal opening. The duct ter-

minates in a single long tubule,

which is lined with short coliunnar

graniilar cells.

(2) Fundus Glands.— In these

glands the duct terminates in one
or more tubules, lined with poly-

hedral cells, termed the chief or cen-

Fig. 927.-MUC0US Membrane of the Stomach. A, Natural
*''«^ ^^^^ ,f

* intervals, between this

size; B, Magnified 25 diameters. In A the rugae and the layer of cells and the basement mem

-

mamillated surface are shown. In B the gland mouths brane, are placed larger spheroidal

(foveolse gastrics), with the gland tubes leading off from some cells, which stain more deeply as a

of them, and the ridges separating the mouths (plicse villosse) rule, termed the parietal or oxyntic

are seen. cells. These glands are fornid in the

fundus and body of the stomach.

(3) Pyloric glands are found in the pyloric portion of the stomach. These consist of a short

duct, terminated in a group of short but tortuous gland tubules. These tubules are lined with
short columnar or i^olyhedral cells, similar to the central cells of the fundus glands.

Blood-vessels.—The arteries of the stomach are all derived ultimately from the cceliac artery.

The gastric artery arises from this trunk direct. Having reached the lesser curvature and given off

an oesophageal branch, it divides into two large branches, which run, one on each side of the organ,

along this curvature, and join below with two similarly-disposed arteries derived from the right

gastric branch of the hepatic. From the two arches thus formed, four or five large branches pass to

each surface of the stomach, and soon pierce the muscular coat. Along the greater curvature several

smaller branches reach the stomach from the right and left gastro-epiploic arteries, which are

branches respectively of the gastro- duodenal and the splenic, and run in the gastro-colic ligament
close to its attachment to the stomach. Finally, four or five short gastric arteries, branches of the

splenic, are distributed to the fundus of the stomach, which they reach by passing forwards between
the layers of the gastro-lienal ligament. At first the arteries lie beneath the peritoneum ; very
soon, however, they pierce the muscular coat, which they supply, and, reaching the submucosa,
break up to form a close network of vessels. From these arise numerous small branches, which
enter the mucous membrane and form capillary plexuses around the glands as far as the surface.

The veins begin in the capillary plexuses around the glands ; uniting, they form a network
in the submucosa, from which arise Ijranches that pierce the muscular coat, and finally end in

the following veins : the right gastro-epiploic, which joins the superior mesenteric ; the left gastro-

epiploic, and four or five veins corresponding to the short gastric arteries, which join the splenic
;

the coronary vein of the stomach, wliich runs along the lesser curvature from left to right, and joins

Mouths of
gastric glands,

witli gland
tubes at
bottom

Depression
between two

mamillae

Mouth of
gastric gland
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the portal vein. These veins contain numerous valves which, though competent to prevent the
return of blood in the child, are rarely so in the adult.

The lymph vessels of the stomach arise in an extensive plexus in the mucous membrane
around the ga.stric glands. They thou join a plexus of ves-seb in the tela submucosa, from which
some vessels pass at intervals to join another plexus of vessels, subserous in position; jiiercing

the muscular coats obliquely in their course. Tlie efferent vessels i)as8 mainly from the sul>serou8

plexus, and are arranged in three main groups, which pass in difl'erent directions, and drain
three different areas of the stomach wall.

One set of vessels is connected mainly with the whole of the lesser curvature, from fundus
to pylorus, and the adjacent half or two-thirds of the anterior and posterior surfaces of the
stomach. Tliese vessels pass to the sui)erior gastric glands, along the lesser curvature, and, in

company with the left gastric artery, to the cocliac glands.

The second set of vessels drains an area which includes the greater curvature below the
fundus, and the adjacent portions of the anterior and posterior surfaces of the stomach. These
vessels pass with the right gastro-epij)loic artery to some inferior gastric glands which lie below
and liehind the pylorus, and thence they pass with the hepatic artery to the cccliac glands.

The thiixi set of vessels drains the region of the fundus. The ves.sels from this area pass in

the gastro-lienal ligament to the spleen, where they are connected with some splenic glands,

and pass onwards, along the superior border of the pancreas, to the coeliac glands also.

The superior and inferior gastric glands and the splenic glands are the first glands interposed

in the course of the lymph vessels. The coeliac glands form the second set.

The nerves are derived from the two vagus nerves and from the coeliac ganglia of the

sympathetic. The vagi nerves pass through the diaphragm with the oesophagus, the left

lying on its anterior, the right on its posterior aspect ; in this way they reach the anterior and
posterior surfaces of the stomach respectively. Here they unite with the sympathetic fibres from
the coeliac plexus, which pass to the stomach with the branches of the coeliac artery. The nerve
fibres, which are chiefly non-medullated, form two gangliated plexuses, those of the myenteric
plexus and the submucous plexus, in the muscular and submucous coats respectively.

The development of the stomach is described with that of the intestines on pp. 47 and 1249.

INTESTINUM TENUE.

The small intestine is the portion of the digestive tube which is placed

between the stomach and the beginning of the large intestine. It commences at

the pylorus, where it is continuous with the stomach, and ends at the valvula

coli by joining the large intestine. It occupies the greater portion of the

abdominal cavity below the liver and stomach (Fig. 913), and is found in the

umbilical, hypogastric, and both lumbar regions ; also, but to a less extent, in the

other regions of the abdomen, and in the pelvic cavity.

In length, the small intestine usually measures over 20 feet. According to

Treves, it is 22 i ft. in the male, 23 in the female, whilst Jonnesco gives the average

length at 24 ft. 7 ins., or 7i metres. In form it is cylindrical, with a diameter

varying from nearly two inches (47 mm.) in the duodenum to a little over an inch

(27 mm.) at the end of the ileum ; there is thus a gradual diminution in its size

from the pylorus to the valvula coli.

The small intestine is relatively longer in the child than in the adult ; at birth it is to the total

height of the child as 7 to 1, whilst in the adult the proportion is as 4 to 1. Notwithstanding
Treves' results, it is generally held that the small gut is relatively longer in the male than the
female.

Wliile the former figures, 20 to 22 feet, represent the entire length of the intestine in its most
extended form, after death, when muscular tonus has disappeared, it is jirobable that during life

the length is not so great The muscular coats, both longitudinal and circular, arc more or less

contracted, and probably the total length during life may be estimated as 15 to 17 feet.

In formalin-hardened bodies the small bowel rarely measures more tlian 12 or 13 feet in

length. Similarly its diameter is often reduced in places to ^ or | inch (125 to 187 mm.),
although the greater part of the gut may retain its usual width : these narrow parts have
apparently been fixed in a state of contraction.

The small intestine is divided more or less arbitrarily into three parts (Fig. 873)
—namely, the duodentun, constituting the first eleven inches, distinctly marked off

from the rest by its fixation and the absence of a mesentery ; the intestinum jejunum
(" empty intestine ") which comprises the upper two-fifths, and the intestinum

ileum ( " twisted intestine ") the lower three-fifths of the remainder. The jejunum
and ileum pass imperceptil)ly into one another, and the line of division drawn between

them is entirely artificial; however, if typical parts of the two— namely, the

beginning of the jejunum and the end of the ileum— are selected, they differ so
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much in size and in the appearance presented by their lining mucous membrane,
that they can be distinguished from one another without difficulty.

Both the jejunum and ileum are irregularly disposed in the form of crowded
loops or coils (Fig. 913) which are connected to the posterior abdominal wall by a

great fan -shaped fold of peritoneum, containing their vessels and nerves, and
known as the mesentery. Hence the name of intestinum tenue mesenteriale is

applied to them. The mesentery is of such a length that the coils are able to move
about freely in the abdominal cavity, and consequently the position occupied by
any portion of the tube, with the exception of the beginning of the jejunum and
the ending of the ileum, can never be stated with certainty. Nevertheless, it may
be said that, in general, the jejunum occupies the superior and left portions of the

cavity below the stomach, the ileum the inferior and right divisions, its terminal

part almost always lying in the pelvis, just before it joins the large gut.

According to Mall, the most usual arrangement is to find the proximal coils of the jejunum
on the left side, and high ujj. Then the tube crosses the vertebral column below the duodenum,
and a few coils are placed on the right side. It then crosses to the left side again, and several

coils are formed, some of which may descend into the pelvis. Thence it passes again to the

Two mesenteric lymiili gland

Mesentery

Artery

Lymph vessel

Peritoneal coat

Circular
muscular fibres

Longitudinal muscular fibres

Fio. 928.—A Portion of Small Intestine, with Mesentery and Vessels.
The peritoneal coat has been removed from the right half, and the two layers of the muscular coat exjjosed.

right side, where it is coiled up, and then finally descends into the pelvis. The terminal
portion almost always lies in the pelvis, just before it ascends to join the large intestine.

As the coats of the large and small intestine agree in many particulars, it will

be convenient to describe the general structure of the intestines here. Subsequently,
any peculiarities of structure in particular regions will be described with the corre-

sponding division of the tube.

Stkuctuue of TirE Intestines.

The wall of tlic intestines, like that of the stomach, is made up of four coats, wliich
are named from without inwards—tunica serosa, tunica muscularis, tela submucosa, and
tunica mucosa (Figs. 928 and 929).

1. Tunica Serosa.—The serous coat is formed of peritoneum, and confers on the
intestines their smooth and glossy appearance. It varies in the extent to which it clothes
the different divisions of the tube, giving the duodenum, the ascending, descending, and
iliac colons, and the rectum only a partial covering; whilst it clothes the jejunum and
ileum, the caecum, the transverse and the pelvic colons completely. The* detailed
arrangement of this coat will be given with the description of each division of the
intestinal tube.

2. Tunica Muscularis.—This consists of unstriped muscle arranged in two layers
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—an outer stratum longitudinale, in which the fibres run longitudinally, and an iinier

stratum circulare, in which they arc circularly disposed. The muscular coat is thicker in

the duodenum than in any other part of the small intestine, and it gradually diminishes
in thickness until the end of the ileum is reached. On the other hand, in the large

intestine, it is tliickest in the rectum and thinner towards the heginning of the colon.

The stratum longitudinale of the muscular coat is much thinner than the underlying
stratum circulare. Jn the small intestine it forms a conj])lete sheet, continuous all round
the gut (Fig. 928), but thickest at its free margin ; whilst in the large intestine it is

divided up into three longitudinal bands known as the ttenioi coll, which will be more
fully described in connexion with the colon.

The stratum circulare, much thicker than the longitudinal layer, is composed of

bundles of muscular fibres arranged circularly round the tube (Fig. 929), and forming in

all parts a continuous sheet. Unlike the longitudinal fibres, those of the circular layer

take part in the formation of the valves of the pylorus and colon.

.'^. Tela Submucosa.—The submucous coat is a loose but strong layer of areolar

tissue connecting the muscular and mucous coats, on which chiefly depends the strength

of the intestinal wall. In addition to forming a bed in which the vessels break up before

entering the mucous coat, it contains the (jIanJula' dnodenales {Brunneri) (Fig. 929); and, in

both small and large intestines, the bases of the solitary lymph nodules lie in it (Fig. 929).

4. Tunica Mucosa.—The mucous membrane constitutes the inner coat of the

intestine. It is everywhere composed (Fig. 929) of the following parts:—(1) A layer of

striated, columnar, epithelial cells, resting on (2) a basement membrane. Outside this

lies (3) a layer of retiform tissue, containing a considerable number of scattered lymph
cells. This layer is limited towards the tela submucosa by (4) an extremely thin sheet

of unstriped muscle, the lamina muscularis mucosae, which is not visible to the naked eye.

The mucous membrane is very vascular, particularly in the small intestine. It is thicker

in the duodenum than in the jejunum, and thicker in the jejunum than in the ileum.

Throughout both the small and large intestines the substance of the mucous membrane
is closely set with innumerable (small microscopic) tubular glands, known as the gland-

ulse intestinales
[Lieberkiihni] (O.T.

glands or follicles).

In shape they are

minute straight tubes,
like diminutive test-

tubes. Their mouths
open on the free sur-

face of the mucous
membrane : their
closed ends lie in the

deeper part of the

mucous coat, and
their cavities are lined

with columnar epi-

thelium. They open

on the surface be-

tween the bases of

the villi of the small

intestine, and in the

large gut their orifices

are found all over the

surface of the non-

villous mucous mem-
brane.

iiebebkUhns^6l«nos ,^„y ^

Submucosa— —

Circul.ir,

muscular fibres

IiOiij;itudinal, ^
muscular fibres y'—

Peritoneum-''''^

Villi

Lieberkiilin's

jlland

Musi-ularis
uiueusa-

Bruniier's
glands

Circular
muscular libres

Longitudinal
muscular libres

Peritoneum

Villi

Blood-vessels
forming net-
work in sub-
mucosa

muscular

nniscuTar fibres
~"'-

Peritoneum—
Bloo<l-ve3sel

Fui. 929. -Diagram to show the structure of the large intestiue, the dnodeuuni,
:iU(l the jejunum.Certain special

developments of the

mucous coat, found in particular regions of the intestinal tube, must next be con-

sidered : these are the (1) villi intestinales
; (2) plica? circulares [Kerkringi] (O.T.

valvuliie conniventes)
; (3) uoduli lymphatici solitarii (O.T. solitary glands) ; and (4)

noduli lymphatici aggregati [Peyeri] (O.T. Peyer's patches).

Villi Intestinales. — If the mucous membrane of any part of the small in-
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testine is examined, it is seen to x^resent a soft, velvety, or fleecy apj/earauce

(Fiw. 930, B) ; this is due to the presence of an enormous number of minute

processes, known as villi, which cover its surface.

They are minute cylindrical or finger-like projections of the tunica mucosa
•^

(Fig. 929) about

^Vth or J(^th of

an inch (1-2 to

1-6 mm.) in height,

and barely visible

to the naked eye,

which are closely

set all over the

surface of the

lining membrane
of the small in-

testine. Begin-

ning at the edge

of the pyloric
valve, they are

broad but short

in the duodenum,
and grow nar-

rower as they are

followed down
through the in-

testine to the
valvula coli, at

the edge of which

Fig. 930.

—

Plic^ Circdlares (natural size).

A, as seen in a portion of jejunum which has been filled with alcohol and hardened
;

B, a portion of fresh intestine spread out under water.

they cease. They are found, not only on the general surface of the mucous mem-
brane, but also upon the plicse circulares, and, while they are not present over

the solitary lymph nodules, they are found in the intervals between the individual

nodules of the aggregated nodules.

They play an important part in the absorption of the products of digestion

which takes place in the small intestine.

Plicae Circulares [Kerkringi].—When the intestine is empty and contracted,

its mucous membrane is thrown into effaceable folds or rugae, which disappear

on distension. But in addition to these, there are found in certain portions of

the small intestine a series of large, permanent transverse folds, which are not

effaceable ; these are known as plic£e circulares (Fig. 930). These are usually more

or less crescentic in shape, and resemble a series of closely placed shelves running

transversely around the gut. They rarely form more than two-thirds of a circle

;

sometimes, however, they present a circular or even a spiral arrangement, the spiral

extending little more than once round the tube, as a rule. Occasionally they

bifurcate at one or both ends ; sometimes, too, short irregularly directed branches

pass off from them. They are usually about 2 to 3 inches (5 to 7-5 cm.) in length,

and their breadth, that is their projection into the cavity, may be as much as Jrd

of an inch (8 mm.), whilst in thickness, as seen when cut across, they measure about

^th inch (3 mm.).

They are composed of two layers of the tunica mucosa, with a prolongation

from the tela submucosa between, to bind the two together. They are covered with

villi, and are j)fermeated by intestinal glands. Their use is to increase the amount

of surface available for secretion and absorption.

Plicse circulares are not found in the upper part of the duodenum. They begin

at a distance varying from 1 to 2 inches (2-5 to 5 cm.) from the pylorus. At first

they are small, irregular, and scattered ; but they are larger lower down, and at the

opening of the bile duct (4 inches from the pylorus) they are distinct and prominent.

In the rest of the duodenum, and in the superior half of the jejunum, they are highly

developed, being large, broad, and closely set. In the inferior half of the jejunum

they become gradually smaller and fewer. Passing down into the ileum, they
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become still smaller and more irregular, and, as a rule, tlicy ])ractically cease a
little below tbe middle of the ileum.

Oftiai patcliL'S of pliciu ciroulari's, niiicli reduced in size, can In; traced to within a sliort dis-
tance of the valviila coli. Acconling to Sai»iH!y, LuHcliku, and others, they naually leach to
within two or tliree feet of tlie end of the ileum.

.—The solitary lymph nodule.s an; minute masses of
a whiti.sh colour, found

AK'KrPi,'aU-<l lymi>h
Two solitary ^laiKlM iioJulo

Noduli Lymphatici Solitarii

lymph tissue, ()[)aque ami of

projecting on the surface of the mucous membrane
throughout the whole length of both the small and
large intestines.

Isolated lymph cells are found in abundance
scattered through the connective-tissue layer of the

intestinal mucous membrane generally ; in places

these cells are gathered together to form little nodules,

supported by a framework of retiform tissue, and sur-

rounded by a lymph space which communicates below
with the lymph vessels of the tela submucosa. Such a

collection of lymph cells constitutes a solitary nodule.

They are usually of a rounded or oval shape (i'ig. 931),

the wide end resting in the tela submucosa, the nodule
itself piercing the lamina muscularis mucosae, and the

narrow end projecting slightly above the general sur-

face of the mucous membrane. In size they vary from

-rVth to ^th of an inch ("6 to 30 mm.), but their

average bulk is about that of a small grain of sago, to

which they bear some resemblance.

As already mentioned, they are present throughout

the small and large intestines, being particularly

abundant in the vermiform process and the caecum. In
the small intestine they are found on the plicae cir-

culares, as well as upon the general surface of the

mucous membrane between them.

Noduli Lymphatici Aggregati.—These lymph nodules

(O.T. Peyer's patches) consist of a large number of

minute lymph nodules grouped closely together so as

to form a slightly elevated area, usually of an oblong

form, on the surface of the mucous membrane (Fig.

931). In length they vary from half an inch (12

mm.), or less, to three or four inches (100 mm.), and
in width they commonly measure from a third to half an inch (8 to 12 mm.).

Their number is variable, buti in the average condition about 30 or 40 are found.

They are best marked in young subjects, where they form considerable elevations

above the general surface, and may be as many as 45 in number. After middle

life they atrophy, and in old age, although usually present, they are indis-

tinct, occasionally being marked by little more than a dark discoloration of the

mucous membrane. They are invariably situated along the surface of the intestine

opposite the line of mesenteric attachment, with their long axis corresponding to

that of the bowel. Consequently, in order to display them, the tube must be slit

up along its attached or mesenteric border.

These aggregated nodules are entirely confined to the small intestine, being

largest and most numerous in the ileum, particularly in its inferior part, where

they usually assume an oblong shape ; in the inferior half of the jejunum they

are small, circular, and few in number ; in its superior part they are rare ; and,

although their presence has been noted in the inferior portion of the duodenum,

they may be said to be absent, as a general rule, from this division of the intestine.

The plicte circulares stop at the margins of the aggregated no^lules, and are not continued

across them ; but villi are found on the surface of the aggregated nodules, in the intervals between

the individual lymph nodules.

Solitary gland Intennediate form

Fio. 931.

—

Noduli Lymphatici
AciGREGATi and Solitarii,

from intestine of child two years

oM (natural size).

Near the lower border are seen a

few small patches made up of

two or three lymph noilules
;

they are marked '' intermediate

form."
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The chief bowel lesion in typhoid fever is found in these aggregated and in the solitary-

nodules.

When the surface of one of these nodules from a child's intestine (in which these structures

are particularly well developed) is carefully examined, it is seen to be made up, not of a series

of separate, rounded nodules grouped together, but rather of a number of wav}% irregular, and
branching ridges connected with one another by cross branches (Fig. 981), the whole recalling

in miniature the appearance of a raised map of a very mountainous district in which the

chief chains run irregular courses, and are joined to one another by connecting ridges.

Small patches, intermediate in form between solitary and aggregated nodules, and consist-

ing of two or three lym])h nodules, are also usually present.

DUODENUM.

The duodenum, the portion of the digestive tube which immediately succeeds

the stomach, is the first part of the small intestine, and differs from the rest of

that tube in having no mesentery, and hence it is closely fixed to the posterior

abdominal wall. The ducts of the liver and pancreas open into it, and
some special glands are found in its wall, known as the duodenal glands of

Brunner.

Shape and Divisions.—The duodenum begins at the pylorus, about the level

of the first lumbar vertebra, and ends at the left side of the first or second lumbar

vertebra (Fig. 932). Between those two points it pursues an irregular course,

which has some resemblance to the outline of a horse-shoe. It is made up of

three main parts, namely :—(1) The pars superior, which begins at the pylorus,

passes posteriorly and to the right beneath the liver, and ends at the neck of

the gall-bladder by turning down, forming the fiexura superior, and joining

(2) the pars descendens. This begins at the neck of the gall-bladder, runs down
on the posterior abdominal wall, on the right of the vertebral column, behind the

transverse colon (Fig. 932), and ends opposite the third or fourth lumbar vertebra.

There it turns to the left, and passes into (3) the pars inferior. This portion at

first runs more or less transversely to the left, across the vena cava, aorta, and
vertebral column (j^ars horizontalis), and then ascends as far as the inferior surface

of the pancreas (pars ascendens). There, at the level of the first or second

lumbar vertebra, it bends abruptly forwards, forming the duodeno-jejunal flexure

(Fig. 932), and passes into the jejunum. The junction of the pars descendens and
pars inferior constitutes the fiexura inferior.

Taking the whole of the duodenum together, it forms an irregular horseshoe-

shaped curve, with the opening directed upwards and to the left, and the ends

reaching to within about two inches of one another. "Within the concavity of

the curve the head of the pancreas is placed.

The incomplete ring which the duodenum makes does not all lie in the same
plane ; for, whilst its greater part is placed in a frontal plane, the superior part,

and the commencement and termination of the inferior part, lie more in a sagittal

plane (Fig. 932).

Position and Size.—As a rule, a little more than half of the duodenum lies

in the epigastrium ; the remainder—namely, about the inferior third of the descend-

ing portion and the adjoining two-thirds of the inferior portion—are placed in the

umbilical region. With the exception of the terminal ascending portion of the

third part, the whole of the duodenum lies to the right of the median plane.

Its length is usually about 11 inches (27"5 cm.), its first portion being the shortest

and its third portion the longest. Its diameter varies considerably, and may be

stated to average about 1| inches when empty, but it may be as much as two

inches when distended.

Relations. Pars Superior.—The superior part (O.T. first portion) begins at the

pylorus, opposite the first lumbar vertebra. From there it runs to the right, and

then 'posteriorly, beneath the liver, when the stomach is empty, but directly back-

wards when it is full; and ends at the neck of the gall-bladder by turning downwards
and passing into the descending part. Its length varies from about 1^ to 2 inches

(37 to 5-0 cm.), and is said to be greater when the stomach is empty than when
distended.
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Its relations are as follows :—It forms the inferior boundary of the foramen epijiloiriun, and,
alx>ve that foramen, it is in relation to the caudate process of the liver, while the quadrate lobe
of the liver hangs downwards over it and to the right The hepatic artery is in contact for a
short distance with the superior border. Below, it rests on the hand and neck of the pancreas.
The portal vein, gastro-duodenal artery, and the bile-duct lie in contjict with it on the left

Fussa for caudate* lobe

Right Inferior phrenic vessels

Inferior Vena cava \

Hepatic vein \ \

Hepatic arterj-

Portal vein

Pylorus

Bile-duct

Right supra-rrtiial gland

lophagus

Le^ gastric artery

piaphragin

Left snpra-renal gland

^ Splenic artery

Kidney

Anterior surface of i>a:icrt»as

Gastric surface of Hpleen

Ureter

Inferior mesen-
teric artery

Internal sper-

matic vein

Ureter

Right common iliac,

vein

Right common iliac

arterj'

Left common iliac

vein

ri(jr surface
I if pancreas

Attachment of
transverse
mesocolon

uodeno-
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(Jastro- duodenal
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of pancreas

^Superior mesen-
teric artery

Duodenum

ureter

Fig. 932.

—

The Viscera and \ ksskls on the I'ustekihk Abdo.misal Wall.

The stomach, liver, and most of the intestines have been removed. The peritoneum has been preserved on the

right kidney, and the fossa for the caudate lobe. \Vhen the liver was taken out, the vena cava was left

behind. The stomach bed is well shown. (From a body hardened by injection of chromic acid.)

side, and behind them the duodenum comes into contact with the right aspect of the inferior

vena cava. The superior pancreatico-duodenal and the right gastro-epiploic vessels pass forwards
below its inferior margin.

Its peritoneal relations are similar to those of the pyloric end of the stomach for about an
inch. It is therefore at first invested by peritoneum on the right and left aspects, and the

peritoneum passes upwards from its superior border as the right portion of the lesser omentum,
forming the hepato-duodenal ligament, while from its inferior border the descending folds of the
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peritoneum pass downwards. The peritoneum is reflected from off the left surface on to the

pancreas and'^ abdominal wall, and forms a fold known as the right gastro-pancreatic fold, while

the peritoneal covering of the right side is continued onwards along the whole of this part

of the duodenum.

Pars Descendens.

—

The descending part (O.T. second portion) begins at the neck

of the gall-bladder, passes down behind the transverse colon, and ends at the right

side of the third or fourth lumbar vertebra. In length it measures 3| or 4 inches

(8-7 to 10 cm.).

Its relations are as follows :—It lies on the right of the vertebral column and the inferior

vena cava, from the first to the third or fourth lumbar vertebra, and is anterior to the pelvis

Top of omental tursa

Inferior vena cava

Lesser omentum (cut) \

Right triansulai
ligament of liver

Left triangular ligament of liver

ffisopliageal opening in diaphragm

Gastro-phrenic ligament
Corresponds to ' uncovered area of stomach

Gastro-splenic ligament (cut)

Transverse colon crossing duodenum

Head of pancreas y

Gastrocolic ligament (cut)

Part of omental bursa

Phrenico-colic ligament

Left end of transverse mesocolon

Left colic flexure

Transverse mesocolon (cut)

Root of mesentery (cut)

Fig. 933.

—

The Peritoneal Relations of the Duodenum, Pancreas, Spleen, Kidnets, etc.

From a body hardened by injections of formalin. When the liver, stomach and intestines were removed the
lines of the peritoneal reflections were carefully preserved. The peritoneum is coloured blue.

of the right kidney, the right renal vessels, and ureter, and also, to a varying extent, the front of
the right kidney itself; while, below the level of those structures, it rests upon the psoas major
muscle.

The lateral aspect is in contact with the sloping inferior surfaces of the liver in its superior
part, and with the right flexure of the colon below.

Peritoneal Relations.—The anterior aspect is covered by peritoneum, except about its middle,
where the root of the transverse mesocolon crosses the duodenum. Not infrequently, the
transverse colon has no mesentery, but is itself in direct contact with the wall of the duodenum.
In other cases, the colon is in contact with the peritoneal surface of the duodenum, below the
line of reflection of the transverse mesocolon.

The head of the pancreas is in contact with its concave left margin, and occasionally overlaps
it anteriorly and posteriorly ; and along the margin of the pancreas, both anteriorly and pos-
teriorly, are Vjranches of the superior and inferior pancreatico-duodenal vessels, the veins often
forming a dense network on the posterior aspect.
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The l)ile-duct, after p<i.s.siiig(l(i\vu iMiliiiid llu; superior part of the (liK)<h"nimi,(le»<cends between
llic liead of the pamrojus ami tlie ck'sceiuliiif,' part, nearly hh far as it« niidfUe ; there it in joincl
l)y the pancreatic duct, and the two, piercing the wall of tlie duotlenuni ohlirpiely, open l>y a

common orifice on its inner aspect, about 3 to 4 inclie.s (8-7 to 10 cm.) Ijeyond tluf pylorus.

Pars Inferior.—The inferior part (O.T. third portion) begins at the right side of

the tliird or fourth lumbar vertebra. It is deserilied in two yjarts, ] ars horizontalin,

transverse in direction, and j^ars ascendens ; and it sliows that arran^'cment in

Fig. 933.

The pars hori/ontalis runs more or les.s traiisvereely to the left across the iulLTior vena cava
(Fig. 933) for one or two inches, and the pai-s ascendens passes very obi i(juely, or even vertically,

upwards in front of the aorta and left psoas major muscle. Finally, having reached the inferior

surface of the pancreas, it bends forwards, and passes into the jejunum.
Anteriorly, it is crossed (about the junction of its two divisions) by the superior mesenteric

vessels, and also by the root of the mesentery (Fig. 933). On each side of this it is covered by
coils of small intestine, Posterinrlij, the ])ars hori/ontalis lies across the vena cava inferior ; the para

ascendens lies on the aorta, the left renal vein and occasionally also the artery, and the left psoas

major muscle, all of which separate it from the vertebral column. Above, it is closely applied in

its whole extent to the head of the pancreas. The left side of the para ascendens, whicn is free,

lies in contact with some coils of the small intestine.

Peritoneal Relations.—The inferior part of the duodenum is covered by peritoneum on its

anterior surface throughout, except where it is crossed by the superior mesenteric vessels and the

root of the mesentery, which contains these vessels (Fig. 933). In addition, its ascending part

is also clothed by this membrane on its left side.

The attachment of the root of the mesentery begins, above, quite close to the duodeno-jejunal

flexure, on the front of the duodenum ; thence it runs down on the anterior aspect of the

ascending part, and finally leaves the duodenum about the union of the two divisions of ita third

portion.

Duodenal Fossae.—In the neighbourhood of the pars ascendens are found three

well-known fossie of the peritoneum which are of some surgical interest ; they are the

superior and inferior duodenal and the paraduodenal fossae (Fig. 934). Other rarer forms

are occasionally present.

When the ascending part of the duodenum is drawn over to the right, and the

angle between its left side and the posterior abdominal wall is examined, one or two

triangular folds of peritoneum

Transverse colon

Transverse meso-
colonwill generally be found cross

ing over that angle from the

duodeniim to the abdominal

wall. Each fold has one edge

attached to the duodenum,
another to the parietal peri-

toneum at the left of the

duodenum, whilst the third is

free, and bounds the opening

of a small pouch which lies

behind the fold, the recessus

duodena -jejunalis. Of these

folds, the upper is termed the

plica duodeno-jejuiui/ is, and it

is situated near the termina-

tion of the duodenum, with its

apex directed up and its free

margin down. It sometimes Fio. 934.—Thk Duodenal Foss^ and Folds.

contains between its two layers The transverse colon and mesocolon have l>een thrown u\\ and the

the termination of the inferior mesentery has been turned to the right and cut. The paraduodenal

^ . \y u- A -4. fossa (of Landzert) is situated to the medial side of the inferior

mesenteric vem. 15ehmd it
mesenteric vein, between it and the terminal part of the duo.Ienum.

lies a prolongation from the ^ jg ^ot shown in the illustration,

recessus duode no- jejunalis

termed the superior duodenal fossa. Its opening looks downwards, and will us\ially

admit the tip of a linger (Fig. 934). The second, known as the pfica duodeno-mesocolica,

is placed lower down, at the side of the "same part of the duodenum. Its free border is

directed upwards, as is the mouth of the inferior duodenal fossa, which lies behind it.

This latter is lar-^er and more constant than tlie superior duodenal fossa, and is present

in 75 per cent. of\xlies, whilst the superior is present in 50 per cent. (Jonnesco).

Paraduodenal Fossa (fossa of Landzert).— This fossa, which is seen best in the

76

Duodenum ^

Superior^^^
duodenal fossa ^

Inferior
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The mesentery (cut). Inferior me.seiit*"' u- Vfiu

Left colic artery
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infant, is placed some distance to the left of the ascending part of the duodenum. It is

produced by the inferior mesenteric vein raising up a fold of peritoneum, as it runs

medially along the side of the fossa, and then above it (see Fig. 934, where the vein, but

not the fossa, is shown). It is limited below by a special fold (the mesenterico-meso-

colic fold). According to Moynihan, this is the

v^- ,

.

only fossa to the left of the duodenum capable

jf'.'i-jy, ,;, - , ? of developing into the sac of a hernia; and

,^'i^^tVp
' when this occurs, the inferior mesenteric vein

always lies in the anterior margin of the orifice

of the sac (accompanied for some distance by
the ascending branch of the left colic artery).

Hood-like
plica circularis

Duodenal
papilla

Common open-
ing of bile and

,
pancreatic duct

—Plica longitudi-
nalis diiodeni

Fig. 935.

—

The Papilla Duodeni in the
Interior of the Duodenum.

Peritoneal Relations of the Duodenum.—Whilst
the relations of the peritoneum to the second and
third portions of the duodenum are usually described

as in the foregoing account, it should perhaps be
j)oiiited out, that it is not really the front, but the

right half of the circumference of the descending
portion which has a serous coat. Similarly, it is

the inferior and anterior half of the circumference

of the horizontal portion of the inferior part which
is clothed by peritoneum, whilst considerably more
than half of the circumference of its ascending

portion is covered ; for the peritoneum forms a fold running in behind this portion, in addition

to covering its left side and half its anterior aspect.

Interior of Duodenum.—No plicae circulares are found in the duodenum for

an inch or two beyond the pylorus. They then begin ; at first as low, scattered,

and irregular folds ; further down, they gradually become larger, more regular

and more numerous ; and by the time the middle of the descending part is

reached they have attained a considerable development. In the inferior part of the

duodenum the folds are large, prominent, and closely set.

On the inner aspect of the descending portion, about its middle—namely, 3|
or 4 inches (8"7 to 10 cm.) beyond the pylorus—is seen a prominent papilla, on
which the bile and pancreatic ducts open by a common orifice (Fig. 935). This is

known as the papilla duodeni (Santorini).

The papilla duodeni is placed beneath, and protected by, a prominent, hood-like plica circu-

laris, which is situated immediately above it. From its lower margin a firm ridge of the

mucous membrane, the plica longitudinalis duodeni, descends for a considerable distance, and
acts as a frenum, which fixes the papilla and directs its apex somewhat downwards (Fig. 935).

The jjapilla is prominent, and nipple or dome-shaped, and at its summit is placed the small
orifice, which will usually admit the point of a pencil ; the whole bears a close resemblance to

the nozzle of a perfume-spray.

Nearly an inch higher up, and invariably on the ventral side of the papilla (sometimes as

much as a ^ to I inch distant), is seen a second and smaller papilla, the caruncula minor of

Santorini, at the point of which is placed the very small orifice of the accessory pancreatic

duct. This second pajjilla seems to be constantly j^resent, although sometimes so small that it

may easily escape detection unless carefully sought for. When well developed, it may have a

hood-like plica circularis and a little frenulum, like those of the bile papilla.

Structure of the Duodenum.—The tunica serosa, which is incomplete, has already

been described in detail, in connexion with each part of the duodenum.
The tunica muscularis is well developed, and is pierced by the bile and panci'eatic

ducts, but otherwise calls for no special description.

The tela submucosa differs from that of the rest of the small intestine, in that it

contains, especially in the superior half of the duodenum, the glandulae duodenales
[Brunneri]. These are small acino-tubular glands, closely resembling the pyloric glands

of the stomach ; they lie in the submucous coat, and send their ducts through the

muscularis mucosse to open on the surface between the glandulse intestinales, or sometimes
into these glands themselves (Fig. 929). They can be exposed by the removal of theperitoneal

and muscular coats, and also some of the submucosa, when they appear as little round
or flattened masses of a reddish-gray colour, varying in size from -^jfth to yV^^^ ^^ ^^^ ^"^^^^

in diameter ("5 to 2*0 mm.). They form an almost continuous layer as far as the opening
of the bile duct ; beyond this they diminish progressively, and comi)let'jiy disappear near
the duodeno-jejunal flexure.

The tunica mucosa, which is thicker in the duodenum than in any other part of

the small intestine, is covered throughout with broad, short villi.
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Various Forms of Duodenum.—Three diffL-rent types of duodenum have been described

—

(1) The annular, in which the curves sejjarating the various parUs are open, and the two
extremities come f.iirly ckise to one another. (2) The U-shaped, in wliich the horizontal jiart of
the inferior part is very long, and the a.'^cending part is nearly vertical ; and (3) the V-shaped
duodenum, in whicli the horizontal portion of the inferior part is very sliort or absent.

Vessels and Nerves.—The duodenum receives its blood from the superior and inferior
pancrealico-duodenal arteries, branches of the gastro-duodenal and superior mesenteric arteries
respectively. The blood is returned by the corresponding veins, the superior of which opens into
the superior mesenteric, and the inferior into the beginning of the portal vein.

The lymph vessels of the duodenum follow for the most part the course of the blofxl-vessels.

From the anterior surface, lymph vessels pass along the course of the inferior pancreatico-
duodenal artery, and communicate with lymjAi glands found along the course of that vessel.

Thence they pass to the inferior coeliac glands, beside the origin of the superior mesenteric artery.
The vessels from the posterior aspect accompany the superior pancreatico-duodenal artery,

communicate with the inferior gastric glands, and terminate in the coeliac glands.

The nerves come from the cocli ic plexus of the sympathetic.

Flexura Duodenojejunalis.—When the ascending part of the duodenum
reaches the interior surface of the pancreas, at a point opposite the left side of

the first or second lumbar vertebra, it turns abruptly forwards, downwards, and
to the left, and passes into the jejunum. This abrupt bend is known as the
duodeno-jejunal flexure. Unlike the rest of the duodenum, which is subject to

considerable variations in position in different individuals, the duodeno-jejunal
flexure is fixed by a thin baud of unstriped muscle, which is attached above to the
strong connective tissue around the cceliac artery, as well as to the left crus of the
diaphragm. This band passes posterior to the pancreas, and inferiorly it joins the
muscular coat of the duodenum at the flexure. It is known as the m. suspensorius

duodeni (O.T. muscle of Treitz).

The duodeno-jejunal flexure is occasionally directed to the right, and it lies at

a variable distance from the root of the transverse mesocolon. When the attach-

ment of the transverse mesocolon is low, the duodeno-jejunal flexure is in contact
with it.

Duodenal Pouches or Diverticula.— Occasional diverticula are found passing from the
duodenal wall in different directions. Such diverticula may be hernial protrusions of the
mucous and submucous coats through the muscular wall, termed false diverticula, or they may
be " true " diverticula, in which all the coats are represented.

They are usually situated on the aspect of the duodenum which is in contact with the pancreas,
and frequently in the neighbourhood of the orifice of the bile duct.

Some of these appear to be due to the pressure from the interior of the duodenum, while
others, and the majority of the true diverticula, are rather congenital in origin, and are
possibly associated with the diverticula which give rise to the liver and pancreas.

HEPAR.

The liver is the large glandular organ which secretes the fluid called bile

(fel). It occupies the superior and mainly the right portion of the abdominal cavity,

and lies immediately below the diaphragm.

Its secretion is conveyed away from it by the hepatic ducts and the bile-duct to

the duodenum. With the bile duct there is connected a pear-shaped diverticulum,

the gall-bladder (vesica fellea), which lies in contact with the liver, and which
serves apparently for the temporary storage of bile.

In addition to secreting bile, the liver plays an important part in th*»

metabolism of both the carbohydrate and nitrogenous materials absorbed from
**^°^

intestine which are conveyed to it by the portal vein, and it also has to do'

the production and the destruction of some of the blood-cells.
nown

Physical Characters.—The liver is a large irregularly shaped mass, of _

reddish-brown colour, soft and pliant to the touch, somewhat readily lacerated, aC^
highly vascular.

^

It is of uniform consistence throughout, and little of its internal structure can
be made out by naked-eye examination. If, however, a torn surface is examined,

the liver tissue is seen to be somewhat granular. Under the investing peritoneum
the surface is somewhat mottled.

This mottled or granular appearance is due to the lobules (lobuli hepatis) of

76 a
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which the liver is composed. Each lobule is a small irregular or polygonal

area, measuring from oV^^ ^^ xV^h of an inch in diameter, or 1 to 2 mm., with a

partial covering of line connective tissue, forming a delicate stroma.

In the adult, the liver weighs from 3 to 3;^ pounds, or about -sVth of the body-

weight, and it is, somewhat heavier in the male than in the female, its weight in

the former being from 50 to 55 ounces and in the latter 43 to 48 ounces. The
ratio to the body weight is the same in both sexes. In the foetus and child it

is relatively very large and heavy. At birth it occupies the greater part of the

abdominal cavity, and constitutes from -^^th to yV^h of the body weight. In the

young foetus the ratio is even larger.

The average size of tlie liver may be briefly exj)ressed as follows :—It measures in the trans-

verse direction about seven inches (17'5 cm.) ; in the vertical, six to seven inches (15 to 17"5 cm.)

;

and in the antero-posterior, on the right side where greatest, about six inches (15 cm.). Its

Vena cava inferior

Lig. coronariuin hepatis

Bare area

,f^ -^

Lig. triangulare sinistrum

Lig. falciforme hepatis

Fig. 936.

—

^Livek viewed krom the front.

greatest width, measured obliquely i'rom side to side along the inferior or visceral surface, is ten

inches (25 cm.).

The liver is capable of being greatly distended by fluid forced into its blood-vessels. Its

surface then becomes tense, and the consistence of the whole organ becomes much firmer.

Shape.—If the liver is hardened in situ and then removed from the body, it

will be found to present a form which is fairly constant, but which is modified

by the shape and size of the adjacent viscera, and hence shows minor variations

^"fferent individuals,
conta^

the liver has not been hardened, it does not retain, after removal, the shape

f
IVrorm which it had when it lay in the abdomen, but tends to collapse into

ji^yiattened cake-like mass.

[y The description of the shape, surfaces, and borders given- below is drawn 'from

examination of specimens hardened in situ.

The liver possesses three principal surfaces, a superior, a posterior and an

inferior or visceral.

The fades superior is iu contact chiefly with the rounded vault of the abdominal

cavity, and hence it is uniformly rounded and convex.

The fades posterior, directed backwards, is in contact with the structures
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tbrmiug the siiperinr portion of the posterior abdominal wall. It is deeply indented
by the projecting vertebral column, and it is nearly Hat in the vertical axis.

The faciea inferior in directed obliciuely downwards and posteriorly, is in contact

with a number of the abdominal viscera, espei-ially the right kidney, stomach,
duodenum, and colon, aiid its general contiguratinn is inHuenccd td a marked
degree by the shape and position of these organs.

This surface is sometimes termed the visceral, in contrast to the other sur-

faces, whicii constitute the parietal surface of the organ.

The parietal and visceral surfaces are marked olf from one another by the

inferior margin of the liver. Posteriorly, this margin is indistinctly marked and
corresponds to the inferior edge of the posterior area, or l)ack, of the parietal

surface : it is in contact with the right kidney, and lies along the course of the

eleventh rib. At the right side the margin is stout but distinct, and usually

corresponds to, or projects a little way below, the inferior border of the thoracic

I.obus eaudatus

BatP are.i

,. ^ . , . .
_^^^^^_»Vi'iia cava inferior

Lig. triaiitiiilaro smistruni

Lig. teres '

A. hepatica propria
"

Vena ports
Ductus clioledocluis

Lobus quadratus

Vesica fellea

Fossa for gl. suprareiuilis

Inipressio renali

Lig.. triangulare dextruni /

Fit;. 937.

—

The Livek vieweu from behind.

framework. Anteriorly, the border is thin and sharp, and passes obliquely upwards

from the right to the left side behind the anterior abdominal wall. This portion

forms the margo anterior. Its direction corresponds to a line drawn frt»m a point

half an inch (12 mm.) below the margin of the ribs (tip of tenth costal cartilage)

on the right side to a point an inch below the nipple on the left. It extends down
in the median plane to a point half-way between tlie body of the sternum and the

umbilicus. This portion of the lower border usually, but not invariably, presents

one or two notches. The incisura umbilicalis, the more constant of the two

(Fig. 936), is situated at the anterior end of a cleft on the inferior surface, known
as the fossa sagittalis sinistra (see p. 1191), and corresponds to the upper part of

the ligameutum teres hepatis. It is usually placed from one to two inches (2"5

to o'O cm.) to the right of the median ])lane. The second notch, less frequently

present, corresponds to the fundus of the gall-bladder, and is called the incisura

vesicae felleae.

At its left extremity the margo anterior turns posteriorly round the edge of

the left lobe, and ends at a groove on the posterior surface, termed the impressio

oesophagea, in which the cesophagus lies.
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The division between the superior surface and the posterior surface is not

marked by a border of any prominence, but by an indefinite margin which runs
transversely from side to side.

The superior surface may be further divided into three areas, a superior, an
anterior, and a right, following the general direction 'of these portions of the

surface, but they are not clearly marked off from one another by borders.

Their arrangement is as follows :

—

The superior area of the superior surface lies in contact "with the roof of the abdomen ; it is

convex on each side, and depressed near the median plane. The two convexities, of which the

right is the more prominent, fit into the two cupolae of the diaphragm ; whilst the central

depression, depressio cardiaca, corresponds to the position of the heart. The suj^erior area (with the

exception of a small triangle at its posterior part, between the separating layers of the ligamentum
falciforme) is completely covered by peritoneum, and on it the division of the liver into right

and left lobes is indicated by the attachment of the ligamentum falciforme.

The anterior area of the superior surface is triangular in shape, and after death is usually

flattened, owing to the falling in of the anterior abdominal wall. In part it lies in contact with
the diaphragm, which separates it from the rib -cartilages on each side, but at the subcostal

triangle it comes into direct relation with the anterior wall of the abdomen, for a distance

usually of two or three inches below the xiphi-sternal articulation. It has a complete peritoneal

covering, and gives attachment, as far down as the umbilical notch at the inferior border, to the

ligamentum falciforme, which connects it to the anterior abdominal wall.

The anterior passes gradually into the upper and right areas, but it is distinctly separated

from the visceral surface by the sharp margo anterior of the organ. The umbiHcal notch is

often continued upwards for some distance on the surface as a slit-like fissure.

The right area of the superior surface is convex and extensive, and lies in contact with the

diaphragm, which separates it from the inner surface of the lower ribs, and also, above, from the

inferior margin of the lung and pleura. Though sharply marked off by the inferior margin from
the visceral surface, it passes without distinct limits into the other areas of the parietal surface.

It is completely covered by peritoneum.
The superior surface is smooth and shows no fissures, but the line of attachment of the

ligamentum falciforme is taken as dividing the liver on this surface into a right and a left lobe.

Upon the posterior surface and inferior surface there are several clefts or depressions upon
the surface of the liver, termed fossae or fissures, which further subdivide the surfaces into lobes.

These fossse, it should be noted, do not indicate any deep division of the liver into separate

parts, but are only indentations upon the surface.

Porta Hepatis.—(1) The gate of the liver (O.T. portal or transverse fissure) is the

equivalent in the liver of the hilum of other glands. It is a slit-like depression,

where the vessels enter the gland, and whence the ducts emerge.

It is placed on the inferior surface, runs transversely from right to left, and
measures about 2 to 2| inches in length. It is bounded anteriorly and posteriorly

by prominent margins, and through it the hepatic artery, vena portse, and hepatic

plexus of nerves enter the liver, and the hepatic ducts and many of the lymph
vessels leave. To the anterior and posterior margins of the fissure are' attached

layers of peritoneum which constitute part of the lesser omentum.
The various structures found in the porta hepatis are arranged in the following

way. The vena portse lies posteriorly, and divides, in the fissure, into right and
left branches, which run to right and left. The neck of the gaU-bladder, with the

cystic duct coming from it, lies at the right extremity of the fissure, and there the

cystic duct bends downwards between the layers of the hepato-duodenal ligament.

The right and left bile ducts lie at their respective ends of the porta hepatis,

and converge towards each other at the right extremity and lie anterior to the

corresponding branches of the hepatic artery, and to the right side of the main
vessel at their junction in the hepato-duodenal ligament. The nerves mainly
invest the arteries, and the lymph vessels lie in the connective tissue which invests

all these structures.

Two or three lymph glands are occasionally found in the porta hepatis, especially

at the right end, near the neck of the gall-bladder, and when enlarged, they may
press upon the ducts, and interfere with the passage of the bile.

The intervals between the vessels and other structures are filled in by loose

connective tissue, which is continued inwards with the vessels as the fibrous capsule

of Glisson.

When the porta hepatis is opened up, it is found to extend on the left as far as

to the fossa venae umbilicalis.
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(2) Fossa Venae Umbilicalis (O.T. Umbilical Fissure).—The fossa for the uinltihcal

vein is a deep crevice-like tissure, situated in the inferior surface, running from
before backwards, parallel to the gall-bladder, but about 1 to Ik inches to its left

side. It begins in I'rout at the margo anterior, whicli it intersects, and runs
backwards to tlic left extremity of the porta hepatis. Witliiii this fissure lies a
rounded eord-like structure, tlie ligamentum teres hepatis, the remains of the left

umbilical vein of the ftetus." Tiie tissure is often crossed by a bridge of liver tissue,

the 2^0113 lupatis, which may even extend for the whole length of the tissure, and
conceal the round ligament from view.

(3) Fossa Ductus Venosi.—At the posterior termination of the fossa vente

umbilicah.s the ligamentum teres is usually attached to the left branch of the portal

vein. P.eycnd that point it is continued backwards as a fine fibrous band, the

ligamentum venosum (Arantii), which runs onwards to join the vena cava inferior.

This fibrous cord is the remains of the ductus veiiosus, and it lies in a groove on
the posterior aspect of the liver, called the fossa for the ductus venosus.

The umbilical vein and the ductus venosus in the fcetus serve to convey the

blood back from the placenta to the inferior vena cava.

The umbilical fossa and the fossa for the ductus venosus together form a

continuous fossa on the inferior and posterior surfaces which divides them into

a right and left lobe. This fossa is known as the fossa sagittalis sinistra, in

contrast to the porta hepatis, and to the fossa sagittalis dextra, lying to the right

of two fossre which is made up of the following two fosste

:

(4) Fossa Vesicae Felleae.—The fossa for the gall-bladder is a slight depression

which begins (often as a notch) at or near the margo anterior of the liver,

and runs backwards and to the left, as far as the porta hepatis (Fig. 938).

Its surface is, as a rule, not covered by peritoneum, and in it lies the gaU-bladder,

which is united to it by areolar tissue.

(5) Fossa Venae Cavae.—The fossa for the vena cava is a deep groove, on the

posterior surface, on the right side of the caudate lobe, in which the superior part

of the vena cava inferior is embedded, immediately before it pierces the diaphragm.

The depressions for the gall-bladder and the vena cava are rightly called fossae. In hardened
specimens it will be seen that the fossa for the innbilical vein, the porta hepatis, and the fossa for

the ductus venosus are really fissures.

Taken together, the five fossa? are arranged somewhat in the form of the letter

A (Fig. 938) ; the two lower divisions of the diverging limbs being formed by the

fossa venie umbilicalis and the fossa vesicae felleoe respectively, and the cross-piece

by the porta hepatis—all of which are placed on the inferior surface. The two
upper divisions of the limbs are represented by the fossa ductus venosi and that of

the vena cava, which meet above and are both placed on the posterior surface. The
latter of these two—namely, the fossa of the vena cava, represented by the right

upper division of the A—does not join the cross-piece (the porta hepatis), but is

separated from it below by a narrow ridge of liver substance—the processus caudatus

(Fig. 938).

To the right of the A is the lobus hepatis dexter, to its left the lobus hepatis sinister.

The interior of the A is filled by the lobus quadratus anteriorly and the lobus

caudatus [Spigeli] posteriorly, both of which are described as parts of the right lobe,

wliile the processus caudatus cuts across the stem of the A behind the cross-piece,

and connects the lobus caudatus (Spigeli) to the lobus hepatis dexter.

Lobi Hepatis (Lobes of the Liver).—As has been pointed out, the attachment
of the ligamentum talciforme to the superior surface of the liver divides that

aspect of the organ into right and left lobes. Similarly, upon the inferior surface,

the fossa sagittalis sinistra is taken as di\iding this aspect into right and left lobes.

Lobus Hepatis Sinister.—The left lobe is much smaller and Hatter than the

right, and forms only about one-fifth of the whole mass.

Lobus Hepatis Dexter.— Its inferior and posterior surfaces of the right lobe are

intersected by the three additional fossa^ described above, and by them it is

subdivided into other parts, which also are called lobes. These are the lobus

caudatus [Spigeli] with the processus caudatus, and the lobus quadratus.
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(1) The Lobus Quadratus.—This is a quadrilateral area upon the inferior surface,

extending from the margo anterior in front to the porta hepatis behind. On the

right, it extends as far as the fossa for the gall-bladder, and on the left to the fossa

for the umbilical vein. The surface is flattened or concave, and is mainlj in con-

tact with the pyloric part of the stomach and the duodenum.

(2) The Lobus Caudatus [Spigeli] (O.T. Spigelian Lobe).—This is a prominent

rather quadrilateral area on the posterior surface of the liver, between the fossa for

the inferior vena cava on its right, and the fossa for the ductus venosus on its

left side.

Its superior limit is formed by the terminal part of the ductus venosus, as it

bends to the right to join the vena cava inferior, while, inferiorly, it is free and forms

the posterior boundary of the porta hepatis.

This extremity is often cut into by a notch or fissure (in which the cceliac

artery lies, particularly in the fcetus), which marks off a larger and more prominent

left part, the processus papillaris, projecting downwards behind the porta hepatis,

and a smaller right part, the processus caudatus, which connects it (Fig. 938) with

the inferior surface of the right lobe.

The posterior surface of the caudate lobe is free; it is placed vertically, and

looks backwards and slightly to the left. The lobe has also another surface, which

is hidden when in the body and in the hardened liver by the folding of the left

lobe across it. By this folding there is formed a deep fossa (fossa for the ductus

venosus), at the bottom of which will be found the remains of the ductus venosus.

(3) The processus caudatus (O.T. caudate lobe) is merely a narrow bridge of

liver tissue which connects the caudate lobe with the right lobe proper. It is

limited anteriorly by the porta hepatis, and posteriorly by the fossa for the inferior

vena cava. It forms the superior boundary for the epiploic foramen, and when the

finger is placed in the foramen it rests against the caudate process, and has a A^ein

on each side, i.e., in front and behind, separated by a layer of peritoneum.

Fades Posterior (Posterior Surface).—This portion of the parietal surface is

directed backwards, and lies in contact with the diaphragm, as the latter passes

down on the posterior abdominal wall. It is very irregular in shape, and presents

the following parts:—(1) The "uncovered area" of the right lobe; (2) the supra-

renal impression
; (3) the fossa for the vena cava

; (4) the caudate lobe, separated

by the fossa for the ductus venosus from (5) the oesophageal groove, which belongs

to the left lobe.

(1) The " uncovered area " of the right lobe (Fig. 938) is a considerable portion

of the posterior surface of the right lobe—varying from 1| to 3 inches (37 to

7-5 cm.) in width, and from 3 to finches (7-5 to 125 cm.) in transverse measure-

ment—which is devoid of peritoneum. Over this uncovered portion, which looks

more medially than backwards, the liver and diaphragm are in direct contact, and

are united by areolar tissue ; here too is established a communication by small

veins between the portal circulation of the liver and the systemic circulation of the

diaphragm.

(2) Impressio Suprarenalis.—On the " uncovered area," immediately to the right

of the vena cava, is a triangular impression (Fig. 938), produced by a portion of

the right suprarenal gland, which projects upwards from the superior extremity of

the right kidney, between the diaphragm and liver.

(3) Fossa Vense Cavae.—At. the left extremity of the " uncovered area " the

inferior vena cava lies vertically, embedded in a fossa of the liver substance,

between the caudate lobe on the left and the adjacent part of the uncovered

area on the right, both of which project over the sides of the vein, almost hiding

it from view (Fig. 938) ; sometimes they actually meet and form a pons hepatis

across the back of the vein.

(4) Lobus Caudatus [Spigeli].—This has already been described

—

see above. The

superior recess of the omental bursa separates the posterior surface of the caudate

lobe "from the diax-)hragm, which latter, in turn, separates it from the thoracic

part of the descending aorta just before that vessel enters the abdomen.

(5) The Impressio CEsophagea, or oesophageal groove, is situated on the posterior

surface of the left lobe, to the left of the superior end of the caudate lobe, but
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is separated from it by the fossa for the ductus venosus. The groove ileads down*

into the gastric impreasiou on the inferior surface of the left lobe (Fig. 938), and,

when in the body, lies in contact with the prominent right or anterior margin of

the cesophageal orifice of the diaphragm (see p. 1152 and Fig. 912), sometimes also

witli the ci'sophagus itself.

Fades Inferior.—Tht- inferior or vi.sceral is an irregular, obliquely sloping

surface (Fig. 938), which looks downwards, posteriorly, and to the left, and rests

upon the stomach, lesser omentum, intestines, and right kidney. The division

into right and left lobes is indicated on this surface by the left sagittal fo.ssa,

wiiich i)asses from the umbilical notch at the anterior border back to the porta

hepatis, and tlience backwards as the fossa lor the ductus venosus.

The inferior surface of the left lobe is directed downwards and posteriorly, and
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Caudate lobe

Fossa for ductus venosus

Tuber omentale

CEsophageal groove

cava in its fossa

End of right suprarenal vein
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triangular ligament
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Porta hepati

Foiisa for umbilical)ilical vein ^^feJ^ii. •

Fig. 938.-

Quadrate lobe j

Portal vein
\

Gall-bladder ,,
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[
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-Inkeuiok OB Vlsceral Sdrkace of the Liver.

rests on the superior surface of the stomach, in front of the cardia ; also on the

lesser curvature with its attached lesser omentum. The part which rests upon

the anterior surface of the stomach is rendered concave by the pressure of that

organ (Fig. 938), and is known as the impressio gastrica ; whilst the portion to the

right of this, being free from the pressure of tlie stomach, projects backwards over

the lesser curvature against the lesser omentum in the form of a smooth rounded

prominence, and is known as the tuber omentale.

The inferior surface of the riglit lube may be divided into two portions by the

line of the gall-bladder, which extends forwards in its fossa to the anterior sharp

margin of the liver (Fig. 93(3).

(a) To the left of the line of the gall-bladder are found from before backwards :

—

The lobus quadratus, porta hepatis, and processus caudatus.

The quadrate lobe is of an oblong shajw, tlie antero-posterior diameter being the greatest. Its

surface is generally concave, and is related to the pylorus and the adjacent parts of the stomach

and duodenum, when the former is distended. When the stomach is empty, however, the
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pylorus usually lies beneath the right portion of the left lobe, and the superior part of the

duodenum lies beneath the quadrate lobe, the transverse colon also coming in contact with it

anteriorly (Fig. 938).

(b) The surface to the right of the gall-Uadder, which is more extensive than
that on its left, is entirely occupied by three impressions, produced by the under-

lying viscera—namely: (1) The impressio colica lies in front and to the right of

the gall-bladder. It is formed by the right flexure of the colon and the beginning

of the transverse colon. (2) Behind this is the impressio renalis, larger than the

preceding, which is produced by the superior half or two-thirds of the right kidney.

It is placed behind the colic impression just as the kidney itself is placed behind

the colon. The superior end of the renal impression is frequently devoid of

peritoneum (Fig. 938), that is to say, the " uncovered area " of the right lobe

extends down over the impression for a little way. This impression is very deep,

and accommodates nearly the whole thickness of the kidney. In many hardened

specimens it would appear to belong more to the posterior part of the parietal

surface than to the inferior or visceral surface. (3) To the medial side of the renal

impression, and near the neck of the gall-bladder, is placed the narrow impressio

duodenalis, which lies in contact with the descending part of the duodenum down
to the point at which it is crossed by the colon.

Surface Markings of the Liver.—The limits even of the normal hver are very

variable, but, taking the average condition in the male, they may be marked out

on the anterior surface of the body by the following method :—Three points are

determined

—

{a) half an inch (12-5 mm.) below the right nipple
; (&) half an inch

(12-5 mm.) below the right margin of the thorax (or below the tip of the tenth rib)

;

and (c) one inch (25 mm.) below the left nipple. If these points are joined by
three lines, slightly concave towards the Hver, they will give the outUne of the

organ with sufficient accuracy for all ordinary purposes. (For variations in position

see below.)

To state the matter somewhat more in detail :—If the two " nipple points " {a) and (c) be

joined by a line, slightly convex upwards on each side, but a little depressed at the centre corre-

sponding to the i^osition of the heart, and crossing the inferior end of the sternum about the level

of the seventh cartilage, it will mark the superior limit. A line, convex upwards, from the right

nipple point {a) to the subcostal point (&) will indicate the right limit, while the inferior limit is

marked by a line, convex downwards, drawn from the subcostal point (b) to the left nipple point

(c), and passing through a poiiit half-way between the umbilicus and the inferior end of the

body of the sternum, in the median line.

The line indicating the superior limit of the liver is elevated on each side, corresponding to the

cupolse of the diaphragm, and depressed in the centre beneath the heart. On the right side

where highest, namely, about one inch (25 mm.), medial to the mammary line, it reaches during
expiration to the superior border of the fifth rib ; on the left side it is one-half to three-quarters of

an inch (12 to 18 mm.) lower ; and it crosses behind the sternum at the level of the sixth sterno-

costal junction—or sometimes lower. It must be remembered, however, that, whilst the liver

reaches up to the levels just given, it does so only at the highest part of its convex parietal surface,

and is separated from the ribs all round by the thin lower margin of the lung (which extends

down between the chest wall and diaphragm to the sixth rib in front, to the eighth in the mid-
lateral line, and to the level of the tip of the spine of the tenth thoracic vertebra behind), so that,

in percussing over the liver, its dulness is obscured by the resonance of the lungs above these

points.

From the hade, the suj^erior margin of the liver rises as liigh as to the superior margin of the

eighth rib or to the inferior margin of the scapula on the right side. On the left, it rises to the

inferior margin of the eighth rib, and terminates about an inch medial to the inferior angle of

the scapuL'i.

The inferior margin slopes upwards along the eleventh rib of the right side, along a line leading

t(j the superior part of the teiitli thoracic vertebra. On the right side the liver extends vertically

in the mid-axillary line frf^ni the sixth to the eleventh ribs.

Variations in Size, Form, and Position.—Few organs will be found to vary more in size in

different hollies than the liver ; these variations, however, are very frequently to be looked upon
aspathologicaL But even the normal, healthy liver may vary in weight from 48 to 58 ounces
in the adult male, and from 40 to 50 ounces in the female.

Variations in form and position doubtlessly take place physiologically, as a result of the condi-

tions of fulness or emptiness of the adjacent viscera ; for, though the liver, like the other solid

abdominal organs, has an intrinsic shape of its own, this is capable of modification within certain

limits by the varying pressure of the surrounding parts. Thus, distension of the stomach, or of

a portion of the transverse colon lying in the stomach chamber, may push the liver over to the
right, so that it may hardly reach the median plane, and at the same time it increases its vertical
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depth. On tliu otliur hand, a distended state of tlie .small iuteatini-.s, with a contracted ntomach
and colon, may have the opposite effect, flattening it frtJin htlow uj)wards and enlarging it in

the transverse direction.

Variations in form and jtowition due to malfonnatiuns of the thoracic framework, either con-
genital or acquired, are very eommon, particularly in females as a result of tight-lacing, which
presses the lower ribs inward.^. Sometimes in these cases the constriction of the waist liet

chiefly below tlie liver. The organ is then forced up against the diaphragm, filling its whole vault,

and extending across to the left alxlominal wall, where its left margin may lie in the interval
between the diaphragm and the spleen. But more couimonly it would .seem that the liver is

cauglit by tlie constriction : it.s ui)per ])art is then closely pressed into the vault of the diaj)hragni,

which, owing to the narrowing of the thorax, is unalde to accommodate the whole organ, so

that its inferior j)art is crushed downi for a considerable distance into the umbilical zone of the
abdomen (Fig. 918, p. 1167),' ]>articularly on the right side. Often, too, a wide, tongue-like
process (the .so-called " Reidel's lobe") descends from the inferior margin, lateral to the gall-

bladder. This process, which when very large may reach to the iliac crest, is sometimes found
in men, although more common in women, and is liable to be mistaken for a tumour. A .some-

what similar ])rocess occasionally descends from the left lobe.

Again, in apparently healthy brxlies the liver may extend up on the right side almost to the
fourth rib ; whilst in other cases it may be as low as the sixth nb, or even lower. Nor is it

rare— ])articul<'irly in female.s—to find the anterior border i)rojecting two or three inches (5-0 to 7"5

cm.) below the margin of the thorax on the right side (Fig. 918, p. 1167).

Reference should be made here to certain grooves often seen on the liver. Some of these are

found running obliquely low dow^l at the right side where the liver is in contact with the ribs;

they are particularly common in females, and are due to the pressure of the ribs resulting from
tight-lacing. Grooves of a different kind are found at the superior part of the parietal surface

;

where the liver is in contact with the diaphragm ; these usually run radially, that is, in the

direction of the muscular fibres of the diaphragm, and are apparently produced by a wrinkling,

or irregular contraction, of the diaphragm. At least, ridges of the diaphragm are found lying in

the gi'ooves, and these ridges or wrinkles would seem to be responsible for the production of the

grooves.

Finally, the liver may present certain congenital irregularities in the direction of additional

fossae and lobes, which reproduce the conditions found in the higher apes, and are very

commonly present in the foetus (Thomson). Or the liver may be divided up into a large number
of distinct lobes, as in most other animals.

Changes in position have been already referred to in connexion with variations in form ;

there need only be added here that the liver ascends and descends at every expiration and inspira-

tion respectively, and that it also descends, but very slightly, in changing from the reclining to

the erect posture. Occasionally, without any evident cause, the liver and diaphragm are found

to occupy a higher or lower position than usual.

Fixation of the Liver.—At first sight it is not easy to understand the means by which
the liver maintains its position in the abdomen (and the same remark applies, perhaps, to other

solid abdominal organs). The falciform ligament gives it no support, as it is quite lax when
in the body. Nor can it be said that its vessels, except perhaps the hepatic veins, a.ssist.

However, on considering the conditions under which the viscera are placed in the abdominal
cavity the problem becomes less difiicult.

The abdomen is a closed cavity, with a firm framework to its superior part, a tightly stretched

diaphragm for its roof, and muscular walls all round. Into the concavity of this roof the parietal

surface of the liver is fitted with perfect accuracy, so that the two are in absolute contact, and

cannot be separated without producing a vacuum, unless some other structure is in a position to

fill the space. But there is hardly any other viscus movable enough to pass up over the front

of the liver into the vault of the diaphragm, so that atmospheric pressure alone is probably

suflBcient to retain the organ in szV u, as in thecaseof the shoulder joint. Inaddition, theabdominal
muscles are always in a condition of tonic contraction or " tone," which gives rise to an intra-

abdominal pressure. This is effective in all directions, and consequently tbere is a considerable

pressure on all the abdominal walls. The liver, being in absolute contact with the roof, may be

considered a part of this waU, and it is consequently affected by this pressure which helps to

sustain it. Add to this, the support which the organ receives from the intestines, the stomach,

and the jmncreas ; fi-om the coronary and triangular ligaments ; from the connexion of the back of

the right lobe by areolar tissue to the diaj)hragm ; and, finally, from the inferior vena cava

embedded in the liver and sending its hepatic veins forwanls to all parts of the organ, just

before the vein itself is firmly attached to the margins of the caval orifice in the central tendon

of the diaphragm, and we will probably find suflicient cause for the maintenance of the organ

in its position in the alydominal cavity.

Relation to Peritoneum.—The relation of the liver to the peritoneum is some-

what complex in its details. The greater part of the liver is covered with i»eri-

toneum, forming the timica serosa, but there is an area of some size upon its superior

and posterior aspects where it is directly in contact with the diaphragm, and round

the margins of this area the peritoneum passes from liver to diaphragm. This is

known as the bare area, and the ^x^ritoneum around this area is known as the

ligamentum coronarium (coronary ligament). Further, the liver is attached to the
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anterior portion of the diaphragm, and to the abdominal waU as low as to the

umbilicus by a fold of peritoneum which is known as the ligamentum falciforme.

This fold runs forwards from and is continuous with the folds of peritoneum which
limit the bare area, and the whole forms a sort of mesentery or meso-hepaticum.

The peritoneum is also retiected off from the margins of the porta hepatis and
from the fossa for the ductiis venosus, and passes thence to the lesser curvature

of the stomach and the first part of the duodenum, forming the omentum minus,

The liver may, in fact, be regarded as lying inside a peritoneal fold which stretches

from the lesser curvature of the stomach below to the diaphragm and anterior

abdominal wall above. This fold is embryologically the ventral mesentery of

the stomach, or ventral meso-gastrium, and its original simple character has

become comphcated by the growth of the liver within it and by the rotation

which the stomach undergoes to the right side at its inferior part.

The various ligaments of the liver are as follows :

—

(1) Ligamentum Falciforme Hepatis.—The falciform ligament of the liver is a

crescentic fold of peritoneum, which is attached by its convex border to the inferior surface

of the diaphragm, and to the anterior abdominal wall (an inch or more to the right of

the median plane) to within a short distance (1 to 2 inches, 2-5 to 5 cm.) of the umbilicus.

Its concave border is^ attached to the superior and anterior aspects of the liver ; below

this level it presents a free rounded edge, stretching from near the umbilicus to the

umbilical notch of the liver, and it contains within its layers a stout fibrous cord called the

round ligament.

Near the posterior part of the superior surface of the liver the two layers of which the falciform

ligament is composed separate, and enclose a triangular area on the posterior surface, in front of

the superior end of the vena cava, uncovered by peritoneum. Traced backwards, the right layer

passes into the superior layer of the coronary ligament, the left into that of the left triangular

ligament. It is the remains of a part of the ventral mesentery of the embryo, and has no
supporting or suspensory action on the liver of the adult.

(2) Ligamentum Coronarium Hepatis.—The coronary ligament consists of the layers

of peritoneum which are reflected from the liver to the diaphragm at the margins of the

uncovered area of the right lobe. The name of right triangular ligament has been given

to its pointed right extremity (Fig. 938).

The coronary ligament consists of a superior and an inferior layer. The superior is

formed by the prolongation to the right of the right layer of the falciform ligament. The
inferior layer is formed by the continuation of the inferior layer of the right triangular

ligament to the left side, and by the reflection from the margin of the caudate lobe by
the side of the inferior vena cava (see Fig. 938).

(3) Ligamentum Triangulare Dextrum.—The right triangular ligament (O.T. right

lateral ligament) is merely the pointed right extremity of the coronary ligament, where
the superior and inferior layers become continuous with one another.

(4) Ligamentum Triangulare Sinistrum.—The left triangular ligament (O.T. left

lateral ligament) is a considerable triangular fold, continuous with the left layer of the

falciform ligament, which is attached by one border to the superior surface of the left lobe

near its posterior bordei', and by the other to the diaphragm, for a distance of several

inches as a rule.

Its attachment to the diaphragm lies nearly altogether to the left of the oesophageal orifice,

and about | inch (18 mm.) anterior to the plane of this opening.

Two other structures, termed ligaments, are not peritoneal folds, but obliterated blood-

vessels, namely the ligamentum teres hepatis or round ligament and the ligamentum
venosum (Arantii).

(5) Ligamentum Teres Hepatis.—The round ligament of the liver is a stout fibrous

band which passes from the umljiHcus, backwards and ujnvards, within the free margin of

the falciform ligament, to the umbilical notch of the liver, and thence upwards and
backwards in the umbilical fossa, to join the left branch of the portal vein. It is the

remains of the left umbilical vein, which, before birth, carries the arterial blood from the

placenta to the body of the foetus (Fig. 88).

(6) Ligamentum Venosum Arantii.—The venous ligament of Arantius (O.T. obliter-

ated ductus venosus) is a slender fibrous cord, which passes from the left branch of the

portid vein, nearly opposite the attachment of the round ligament, upwards in the fossa
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bearing its uuine, to be conuectod with the inferior venii cava as it leaves the liver.

In the foetus this structure is a considerable vessel, which conveys some of the blocxl

brought to the porta hepatis by the left umbilical vein directly backwards to the vena
cava. At the time of birth the ductus venosus and umbilical vein cease to carr}' bhxxl,

their cavities become obliterated, iind they ure converted into filjrous conls.

(7) Omentum Minus, 'i'he lesser omentxun is a fold of peritoneum which extends
from the liver to the lesser curvature of the stom;ich and to the duo<lcnum.

It is attsiched, above, to the margins of the porUi iiepatis, and also to the bottom of the

fossa for the ductus venosus. Helow, it is connected to the les.ser curvature of the

stomach, where its two layers separate to enclose that organ, and also to the upper lx)rder

of the duodenum for an inch or more beyond the pylorus. Between its layers, close to

its right or free border, are contained the bile duct, the hepatic artery, the portiil vein, and
the nerves and lymph vessels passing to and from the porta hepatis (Fig. 939). Its

central part is wide, but it is narrow at each end. Of the two ends, the right is free, and

Till co.st-al cartilaj^e

Xiphoid proce.ss

"111 costal cartilsK^'
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Structure of the Liver.

The liver is invested by an outer tunica serosa described in connexion with the

peritoneum. Within this is a thin capsula fibrosa [Glissonii] (O.T. Glisson's capsule)

Intralobular capillary plexus

Intralobular
capillary plexus

Central vein

Sublobular vein

Fig. 940.

—

Liver of a Pia injected from the Hepatic Vein by T. A. Carter. (From a specimen
presented to the Anatomical Department of Edinburgh University by Sir William Turner.)

Vena cava

of delicate fibrous tissue, which is most evident where the serous coat is absent. In
the neighbourhood of the porta hepatis it is particularly abundant, and here it surrounds

the vessels entering the porta, and

Liver lobules y'
i \ accompanies them through the portal

canals in the liver substance. This

coat is continuous with the fine areolar

tissue which pervades the liver, sur-

rounding its lobules and holding them
together.

The liver substance proper is made
up of an enormous number of small

lobules oy^h *° T2^^ vi\(^ (1 to 2 mm.)
in diameter, closely packed, and held

together by a small amount- of con-

nective tissue. In man the lobules are

not completely separated from one

another all round their circumference,

but coalesce in places ; the reverse is

the case in certain animals such as the

camel and the pig. The lobules are

arranged around the branches of the

hepatic veins, to form the compact mass
of the liver, in the following manner :

—

The hepatic veins radiate from the

inferior vena cava, at the posterior

surface of the liver, to all parts of the

organ, dividing and re-dividing until

A, AiTangement of liver lobules around the sublobular the vessels are reduced to branches of

branches of the hepatic vein ; B, Section of a portal a very small size, known as SUblobular
canal, showing its contained branches of the portal vein, yeinS—the whole arrangement may be
hepatic artery and bile-duct, surrounded by a pro- , compared SO far tO the branching
longation of Ghsson s fibrous capsule. I J '._. ..^ ., „ „ ., °

of a tree (Fig. 941, A). On all sides

there open into these sublobular veins numerous closely crowded vessels—the venae centrales

(O.T. intralobular veins) (which, following our simile, may be compared to an enormous

Kibious
t ipsule

y~^<^~Hil( duct

Fig. 941.

—

Diaukams illustratin(; the Structure
OK the Liver.
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number of thorns growing out on Jill sides from the sublobular t\^ig8 of the tree). On
each of these little centnil veins there is impaled, as it were, a lobule. These little

conical lo])ules, with their eentral veins running through them, are so numerous and so

closely packed together, that they give rise to the practically solid liver tissue.

The lobules are .surrounded by the venae interlobiilares, l)ranches of tiie portal vein,

from which numerous twigs enter the lobule on all sides, and converging, join the central

vein (Fig. 940). This runs through the centre of the lobule (Fig. 941, A), and opens

at its base into a sublobular vein. The sublobular veins, uniting and growing larger by

constant additions, finally form the hepatic veins, which open into the vena cava.

Hepatic Cells.— In the intervals between the l)ranches of the capillaries, running from

the interlobular to the central veins (Fig. 940), are placed the polygonal-shaped epithelial,

hepatic cells. Between the cells run the ductus biliferi (O.T. bile canaliculi) which,

passing out of the lobule (Fig. 941), join the ductus interlobulares, and these uniting,

finally end in the hepatic ducts.

The liver cells are very intimately connected both with the blood capillaries and the

radicles of the bile-ducts. From both sets of vessels minute channels pass into the interior

of the hepatic cells, forming intracellular canals. The blood plasma is thus brought into

very intimate relation with the plasma of the hepatic cells, and the small fine intracellular

l)iliary canaliculi facilitate the secretion of bile by the cells.

Vessels of the Liver.

Like many other glands, the liver presents, as has been seen, a hilum, or slit-like

fissure, upon its surface, wliere vessels are found, and where the ducts emerge. In the

liver, the hilum is placed upon the inferior aspect, and is re-preHentcdhy the jjorta hepatis.

Xiiilioi<i jimcess

Gth costal cartilage

Diaphragm

7th costal cartilage

Falciform ligament

Sth costal cartibigc

G.ill-bladder

• 9th costal cartilage

10th costal cartilage

Right llexiire of colon

Ciecum

Left flexure of colon

Transverse colon

Position of umbilicus

Small intestine

Fig. 942.—The Abdominal Vi.scera, aktkr uemoval ok the Omentd.m Majus
AND THE Ll<i. GaSTKOCOI.ICIM.

The blood-vessels here are all afferent, conveying blood to the liver. The blood is

conveyed away from the liver by various channels which emerge from its posterior aspect

(vense hepaticae) and enter the vena cava inferior, which is partially embedded in the

substance of the liver in this region.
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The circulation within the liver is, therefore, arranged differently from that of other

glands, and in order to understand properly the structure of the liver, it is necessary to

give some account of the relations which it presents to the blood vessels which pass to and
from it.

The vena portae and the arteria hepatica propria pass up to the liver between the two
layers of the hepato-duodenal ligament, anterior to the foramen epiploicum. Here they

are accompanied by the bile-duct, which lies to the right, whilst the artery is placed to

the left, and the portal vein posterior to both. In this order they enter the porta

hepatis, and there become rearranged, so that the vein lies behind, the artery in the

middle, and the duct in front. Each breaks up into two chief branches—a right and
a left—and several smaller ones, which enter the liver substance, surrounded by a

prolongation of the connective tissue coat of the liver (O.T. Glisson's capsule). Within
the organ the three vessels run and divide together, so that every branch of the portal

vein is accompanied by a corresponding (but much smaller) branch of the hepatic artery

and of the hepatic duct : and the three, surrounded by a prolongation of the fibrous capsule,

Interlobular
veins

and ducts

Central vein

Veins Bile-ducts

Fig. 943.

—

Diagram illustrating the arrangement of the blood-vessels (on left) and of the hepatic cells and
bile-ducts (on right) within a lobule of the liver. The first diagram shows the interlobular veins

running around the outside of the lobule, and sending their capillaries into the lobule to join the central

vein. In the second diagram the bile capillaries are seen, with the hepatic cells between them,
radiating to the periphery of the lobule, where they join the interlobular bile-ducts.

and accompanied by branches of the hepatic nerves and lymph vessels, run in special

tunnels of the liver substance, which are known as portal canals (Fig. 941, B).

The hepatic artery has but a small part to play in the hepatic circulation within the
liver, and it is distributed in the following way. Reaching the porta hepatis of the liver

it breaks up into branches which accompany the branches of the bile-ducts and of the
portal vein into the interior, and it supplies minute branches, known as the vaginal and
capsular branches, to the fibrous tissue which accompanies these vessels, and which also

invests the surface of the liver. The terminal branches of the artery end in the branches
from the portal vein which go to the liver lobules.

The portal vein within the liver divides, like an artery, into numerous branches, which
pass in all directions in company with small branches of the bile-ducts.

Finally, the small terminal branches form an elaborate meshwork, whose vessels
anastomose freely with one another, around the periphery of the liver lobules, and are
known as interlobular vessels. From this meshwork small capillary-like channels pass
into the interior of each lobule between columns of liver cells, towards a channel placed in

the centre of the lobule, called the central vein. From the central veins the blood is

carried into larger channels or su/Jobular vein?, which pass to the hepatic veins, and so
to the inferior vena cava.

The hepatic veins, formed by the union of the sublobular vessels, gradually unite with
one another, and run towards the inferior vena cava. Their mode of termination is

variable, but presents the following general arrangement :—The left lobe is drained by a
ves-sel which joins the superior part of the inferior vena cava. The right lobe is drained by
one or two vessels which join the superior part of the inferior vena cava, and by a series of
small vessels, 4 to 12 in number, which pass from the inferior portion of the right lobe to
the inferior vena cava. The caudate lobe and central portion of the liver are drained by
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vessels which mostly pass to tlio iiifericjr part of the inferior vena cava. Tiie hepatic
veins and their branches are not accompanied by Ijranches of the bile-ducts, and are
surrounded by a very small amount of connective tissue.

The l3nnph vessels of the liver are arranged in a superficial and a deep set :— 1. The superficial
set lies beneath the i)eritoneum on both (a) the visceral and (b) tlie j)arietal Hurface.s (jf tlie organ.
(a) The vessels from the visctral surface pass cliiefiy to tlie hepatic glands, which lie Ijetween the
layers of the lesser omentum ; but some of tliem, from the posterior surface on the right lobe,
join the lumbar glands, and others, from the posterior surface on the left lobe, go to the ca-liac glands.

(6) The vessels from the inferior surface {)ass in various directions. TIkjsc from the adjacent
parts of the right and left lubes pass up in the falciform ligament, and pierce the (liajihragm to

reach the anterior mediastinal glands, and end finally in the right lymphatic tluct. Those from
the anterior part of this surface pass down to the inferior aspect, ana join the h(;patic glands
in the lesser omentum. The lymph vessels from the Ijack of the right lobe pierce the diaphragm
between the layei-s of the coronary ligament, and join some glands in the thora.x around the upper
end of the inferior cava ; others run in the right triangular ligament, and either pierce the
diaphragm antl end in the anterior mediastinal glands, or, turning down, join the cccliac group.

2. Tlie deep lymph vessels accompany either (a) the portal or (b) the hepatic veins, (a) The
former set pass out through the porta hepatis and join the hepatic glands, the efferent ve.ssels of

which join the cwliac glands, (b) Those which accompany the liepatic veins pierce the diaphragm
with the vena cava, and having formed connexions with the group of glancls at its superior end,

. within the thorax, tiu-n down and join the beginning of the thoracic duct.

The nerves, which are chiefly of the non-medullated variety, are derived from the left

vagus and the cceliac plexus of the sympathetic. The branches of the former pass fron>

the front of the stomach up between the layers of the lesser omentum to the liver. Those ol

the latter pass from the cceliac plexus along the hepatic artery—forming the hepatic j)lexu.s—to

the jx)rta hepatis, where they enter the liver with the blood-vessels. They are distributed chiefly

to the walls of the vessels and of the bile-ducts.

THE GALL-BLADDER AND BILE-PASSAGES.

Under this heading we have to consider the hepatic ducts, the gall-bladder, the

cystic duct, and the bile-duct.

The excretory ducts of the liver (Fig. 943) begin within the hepatic cells as minute
channels. Thence they run between the hepatic cells (Fig. 943), and are known as the

ductus biliferi.

Outside the lobules these join (Fig. 943) the ductus interlobulares which, by
uniting, foi-m larger and larger ducts, and finally end in two, or more, chief branches,

a larger from the right, and a smaller from the left lobe, which unite immediately
after leaving the liver to form the ductus hepaticus.

As a rule, five or six ducts leave the liver at the porta hepatis ; they generally unite into

right and left main ducts ; sometimes they all converge towards, and unite at the beginning
of the hepatic duct. It is interesting to note that the ducts from the caudate lobes and process

join the left brancli of the main duct.

Ductus Hepaticus.—The hepatic duct is formed within the porta hepatis by
the union of right and left chief ducts (Fig. 944), and passes downwards, witli an

irregular course, and, just beyond the porta hepatis, is joined by the cystic duct

(Fig. 944) to form the ductus choledochus or bile-duct (O.T. common bile-duct).

In length the hepatic duct usually measures about 1 to 1^ inch {'25 to 31 mm.),

and. in breadth, when flattened out, nearly ^ inch (6 mm.), or about. as much as a

goose qiiilL It lies, practically altogether, within the porta hepatis.

Vesica Fellea (Gall-bladder).—The gall-bladder, with the cystic duct, may be

looked upon as a diverticulum of the bile-duct, enlarged at its extremity to form a

reservoir for the bile. It is pear-shaped, and lies obliquely on the inferior surface of

the liver (Fig. 944). The wide end, or fundus, usually reaches the anterior border of

the liver—where there is sometimes a notch to recoivo it—and comes in contact with

the anterior abdominal wall (Fig. 944). The corpus (body) runs backwards, upwards,

and to the left, lying in the fossa for the gall-bladder, and near the porta hepatis passes

rather abruptly into the narrow neck. The collum (neck) is curved medially towards

the porta hepatis, in the form of the italic letter s, and when distended it presents

on its surface a spiral constriction which is continued into the l>egiuning of the

cystic duct, and is due to a series of crescentic folds placed somewliat spirally

round the interior of its cavity, forming the valvula spiralis (Heisteri). Having
arrived near the porta hepatis, much reduced in size, it passes into the cystic duct.

As a rule the gall-bladder is covered by the peritoneum of the inferior surface
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of the liver, except on its antero-superior aspect, which is united to the fossa for the

gall-bladder by areolar tissue. Sometimes, but rarely, this surface also is covered,

and the gall-

bladder is then
suspended from
the liver by a

short peritoneal
ligament. The
fundus usually
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with the anterior
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Fig. 944.

—

Structures betweex the Layers of the Lesser Omentum.

it rests on the transverse colon in front,

duodenum.

In some cases the fundus of the gall-bladder does not reach the anterior border of the liver

or the abdominal wall. In others it may be moved considerably to the right of the vertical

lateral plane—possibly as a result of distension of the stomach and colon—or as a result of tight-

lacing, it may be moved to the left, and may then lie near the median plane and far below the

ribs (Fig. 918, p. 1167).

Its total absence, as well as the presence of two distinct gall-bladders, and several other

irregularities in form, have been recorded.

Its size is usually about 3 inches (75 mm.) in length, and 1 to IJ inches (25 to 31 mm.) in

diameter. Its capacity varies between 1 and I| fluid ounces.

Structure of Gall-bladder.—The wall of the gall-bladder is composed of an outer

coat of peritoneum, the tunica serosa, usually incomplete ; a middle coat of unstriped

muscle intermixed with fibrous tissue, the tunica muscularis ; and an inner coat of mucous

membrane, the tunica mucosa, which is covered with columnar epithelium, and is raised into

a number of small ridges, the plica tunicce mucosce, which confer on it a reticulated

appearance. The mucous membrane is always deeply stained with bile when the gall-

bladder is opened after death.

The cystic artery which supplies it with blood arises from the hepatic artery itself, or its right

division, and divides into two branches, which run on the sides of the gall-bladder. The veins

join the vena portaj, and the nerves come from the sympathetic plexus on the hepatic artery.

Ductus Cysticus.

—

The cystic duct, about half the diameter of the hepatic duct

(3 mm.), but usually slightly longer (1| to 1| inches : 31 to 37 mm.), begins at the

neck of the gaU-bladder, and running an irregular course backwards and medially

joins the hepatic duct at the mouth of the porta hepatis, to form the bile-duct.

The spiral constriction found in the neck of the gall-bladder is continued into

the beginning of this duct. Sometimes the cystic duct joins the right hepatic duct

instead of the hepatic duct proper.

Ductus Choledochus.—The bile-duct (O.T. common bile-duct) begins at the

mouth of the porta hepatis, where it is formed by the union of the hepatic and cystic

ducts. From this it passes downwards, anterior to the foramen epiploicum, lying

between the two layers of the lig. hepato-duodenale, with the portal vein behind
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and the hepatic artery to its left. It next descenda bihirid and
superior part of the duodenum (Fig. 944), and then
between the pancreas and descending j)art of the

duodenum. Finally, it meets the pancreatic duct, and
the two, running together, pierce the medial wall of the

descending })art of the duodenum very obliquely, and
open by a common oriKce on the papilla duodenali.s

about 3.^ or 4 inches (8 "7 to 10 cm.) beyond the pylorus

(see p. l"l85).

The length of the bile-duct is about 3 inches

(75 mm.), and its diameter, which is very variable, is

generally about \ inch (6 to 7 mm.).

Structure of the Excretory Ducts.— With the

exception of the peritoneal coat, which is ab.sent, the

hepatic, cystic, and bile-ducts agree with the gall-bladder

in general structure. The tunica mucosa contains a large

number of mucous-producing glands, the glandulae mucosae
biliosse.

The bile and pancreatic ducts, in piercing the wall of tlie

duodenum, run obliquely through its coats for about i or | of

an inch (12 to 18 mm.), and, ad a rule, do not unite until they
have almost reached the opening on the duodenal papilla (Fig.

945). This orifice is very much smaller than either duct, and the short and relatively wide
common cavity which precedes it is sometimes knowni as the "ampulla of Vater." Occasionally
the cystic and hepatic ducts open into the duodenum separately.

PANCREAS.

The pancreas is an elongated glandular mass which lies transversely on the
posterior abdominal wall, with its right end resting in the concavity of the

duodenum (Fig. 946), and its left end touching the spleen. It secretes a

digestive fluid—the pancreatic juice—which is conveyed to the duodenum by the

pancreatic duct, and which constitutes one of the chief agents in intestinal digestion.

The absence of a true capsule, and the distinct lobulation of tlie gland, give the

pancreas a very characteristic appearance (Fig. 948).

Position.—The greater part of the gland lies in the epigastrium, but the tail

and adjacent part of the body extend into the left hypochondrium.

The head is placed opposite .the second and upper part of the third lumbar vertebra, whilst

the body runs to the left, about the level of the first lumbar vertebra. It should be added, that

very often the inferior portion of the head projects some distance below the subcostal i)lane, and
thus lies in the umbilical region.

In shape the pancreas, when hardened in situ, is very irregular (Fig. 946),

its right end being flattened and hook-like, whilst the rest of the organ is pris-

matic and three-sided. It may, perhaps, in general form be best compared to

the letter J placed thus c, particularly if the stem and hook of the letter are

thickened.

The gland is divisible into a head (caput) with a processus uncinatus, a body

(corpus), and a tail (cauda). The head corresponds to the hook of the c~, and

runs downwards and to the left along the descending and transverse portions of

the duodenum. The stem of the c" represents the body of the gland, and the

thin left extremity of the body forms the tail. The narrow part connecting the

head and body is the neck (Symington).

When removed from the body without previous hardening, the pancreas loses

its true form, and becomes drawn out into a slender, elongated, tongue-shaped

mass, with a wider end turned towards the duodenum, and a narrow end corre-

sponding to the tail.

Its total length, when fixed in situ, ia about 5 or 6 inches (12o to 16 cm.); after removal, if

not previously hardened, it is easily extended to a length of 8 inches (20 cm.).

Its weight is usually about 3 oiuices (87 grammes).

Relations.—The general position and relations of the pancreas may be briefly
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expressed as follows :—The head (Fig. 946) lies in the concavity of the duodenum,

with the vena cava inferior and abdominal aorta behind it ; the body crosses the

Fossa for caudate lobe

Right phrenic vessels ^

Vena cava \

Hepatic vein

Hepatic artery

Portal vein

Pylorus
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.

Right supra-renal gland
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Fig, 946.—The Viscera and Vk.'^.-ki.^ (in thk J'osterior Abdominal Wall.

ITie Btoniach, liver, and most of the intestines have been removed. The peritoneum has been preserved on the

right kidney and the fossa for the caudate lobe. When the liver was taken out. the inferior vena cava

wa.s left behind. The stomach bed is well shown. (From a body hardened by chromic acid injections.

)

left kidney and supra-renal gland ; and the tail touches the inferior part of the

spleen. The greater part of the organ lies behind the stomach, which must be

detached from the gastro-colic ligament, and turned upwards, in order to expose it.

In describing the detailed relations, each part of the organ Nvill require to

be considered separately.

Caput Pancreatis.—The head of the pancreas is the large flattened and somewhat

disc-shaped portion of the gland which lies in the concavity of the duodenum, extending

along its second and third portions almost as far as the duodenal-jejunar flexure. Above,
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in its right half, it is continuous with tlie neck ; whilst to tho left of this it is separated
from the neck by a deep notch, incisnvd j)a7icTeati8, in which lie the superior mesenteric
vessels (Fig. 946). Its i-ir^ht and inferiov boi-ders arc moulded on to the side of the
duodenum, which lies in a groove of the gland substance- the bile-duct being interposed

as far down as the middle of the descending part of the duodenum. The posterior

8V/rface of the head is applied to the front of the vena cava inferior ; it also lies on
the right renal vessels and the left renal vein, and, at its left end, on the aorta as well.

Its anterior snirface is in contact above and on the* right with the beginning of the

Top of omental Imrsa

Infi-riDr vena cava Loft tiiant'ul.'ir ligamfnt of liver

Lesser omentum (cut)

Rijjlit triangular
ligunitMit of liver

(Ksophageal opiuiiiiK in tliaphragm
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/ Corresponds to ' uncov<?r<.'(l area ' ofstomaoh

Oastro-Kplcnic ligament (cat)

Tiansverse colon crossing (Uiodenum
y
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Gastro-colic ligament (cut) /

Part of omental bursa

Plirenico-colic ligament

; Left end of transverse mesocolon

Left colic flexure

Transverse mesocolon (cut)

Root of mesenterj' (cut)

Fig. 947.

—

The Peritoneal Relations of the Duodenum, Pancreas, Spleen, Kidneys, etc.

transverse colon (Fig. 947), without the interposition of the peritoneum as a rule. Below

this it is clothed by peritoneum, and is covered by the small intestine.

The superior mesenteric vessels, afte; passing forward through the pancreatic notch,

descend in front of that portion of the head (processus uncinatus) which runs to the left

along the third part of the duodenum. The superior pancreatico duodenal vessels run

downwards, and break up on the front of the head (Fig. 94G).

The neck (Fig. 946) is a comparatively attenuated portion of the gland which lies

in front of the portal vein, and connects the head to the body. Springing from the upper

portion of the head, it runs forwards, upwards, and to the left for about 1 inch (25 mm.),

and then passes into the body.

The neck is about f inch (18 mm.) in width, and less than ^ inch (12-5 mm.) in thickness. Inj

front and to its right lie the first part of the duodenum and the pyloriis ; behind and to the left iti

rests upon the beginning of the portal vein, which is formed under cover of its lower border by the

union of the splenic and superior mesenteric veiius. It has a ])artial covering of peritoneum on its

anterior surface ; and its beginning is generally marked off from the head by the gastro-duodenal

artery, with its continuation the superior pancreatico-duodenal, which lies in a groove of the

gland substance between the head and neck.

77 a

^Oy/V



1206 THE DIGESTIVE SYSTEM.

Corpus Pancreatis.—The body is of a prismatic form, largest where it lies in

front of the left kidney, and usually somewhat tapering towards the tail (Fig. 948).

Beginning at the termination of the neck, it runs backwards and to the left across the

front of the left kidney, beyond which its extremity or tail comes in contact with the

spleen. When hardened in situ it presents three surfaces—anterior, inferior, and
posterior—all of which are of nearly equal width (namely, about 1^ inches : 31 mm.).

Facies Anterior.—The anterior surface is widest towards the left end ; it looks

upwards and forwards (Fig. 947), and forms a considerable portion of the stomach-bed.

This surface is completely covered by peritoneum, derived from the posterior wall of the

bursa omen talis, which latter separates the pancreas from the posterior surface of the

stomach. Towards its right extremity it usually presents an elevation or prominence
where the body joins the neck. This projects against the back of the lesser omentum
when the stomach is distended, and is consequently known as the tuber omentale.

Facies Inferior.—The inferior surface, which, like the anterior, is, as a rule, widest

towards its left end, looks downwards and slightly forwards. It is completely covered

by peritoneum, continuous with that forming the posterior layer of the transverse meso-
colon (Fig. 947). It lies in contact with the duodeno-jejuual flexure towards its right

end, with the left flexure of the colon near its left end, and with a mass of small intestine

(jejunum, which is always found packed in beneath it) in the rest of its extent.

Facies Posterior.—The posterior surface looks directly backwards, and is entirely

destitute of peritoneum. It is connected by areolar tissue to the posterior abdominal
wall with the organs lying upon it. Fi'om right to left these are : the aorta with the origin

of the superior mesenteric artery, the left renal vessels, the left supra-renal gland, and the

left kidney. In addition, the splenic artery runs its tortuous course to the left along

the superior border of the pancreas, whilst the splenic vein runs, behind the gland, at

a lower level than the artery.

The three surfaces of the body of the pancreas are separated by three borders. The
margo anterior is the most prominent, and gives attachment to the transverse mesocolon
(Fig. 947). It is, as it w'ere, squeezed forward, by the pressure of the stomach above and
the small intestine below, into the interval between these two sets of viscera, thus follow-

ing the line of least resistance (Cunningham). Towards the neck this border is no
longer prominent, but becomes rounded off, so that here the superior and inferior surfaces

are confluent.

The coeliac artery projects over the margo superior, and sends its hepatic branch to the

right, resting upon it, whilst the splenic artery runs to the left along it (Fig. 947). The
margo inferior calls for no special description.

Cauda Pancreatis.—The tail of the pancreas is the somewhat pointed left end of

tlie body, which is in contact with the inferior portion of the gastric surface of the spleen.

It usually presents an abrupt, blunt ending, in which case it is related to the spleen in the

manner just described; or it may be elongated and narrow, when it bends backwards
around the lateral aspect of the kidney, and beneath the base of the spleen. In either

case it is in near relation below with the left flexure of the colon (Fig. 947).

Peritoneal Relations of the Pancreas.—The posterior surface of the pancreas

is entirely free from peritoneum. The other surfaces derive their peritoneal covering

from the prolongation of the two layers of the transverse mesocolon, which is attached

to the anterior border of the gland, from the tail to the neck. At this border the two

layers separate (Fig. 914, p.. 1160), the anterior—derived from the bursa omentalis

—

passing backwards and upwards over the anterior surface ; the posterior—derived

from the large sac—turning downwards and backwards along the inferior surface.

As the transverse mesocolon is followed to the right it is, as a rule, found to terminate near

the neck of the pancreas (Fig. 947). Beyond this, the posterior surface of the colon is generally

free from peritoneum, and is connected by areolar tissue to the anterior aspect of the head of the

gland. Below the level of the colon the head is covered by the continuation downwai-ds of the

peritoneum from the inferior surface of that gut. Often, however, the transverse mesocolon is

continued to the right as far as the right colic flexure, and the anterior surface of the head is

then completely covered by peritoneum.

Ducts of the Pancreas.—Almost invariably two ducts are found in the interior

of the pancreas—the ductus pancreaticus [Wirsungi] or pancreatic duct proper and
the ductus pancreaticus accessorius [Santorini], accessory pancreatic duct (O.T. duct

of Santorini).

Th'i pancreatic duct [Wirsungi] begins near the tip of tlie tail by the union of

small ducts from the lobules forming that part of the organ. From there it pursues



PANCREAS. 1207

a rather sinuous or zigzag course (Fig. 948) through the axis of the glaud, at first

ruauing transversely to the right, until the neck is re<ichetl, then it hends down-
wards into tlie head, approaches the descending part of the duodenum, and meets
the bile-duct. The two ducts pierce the metlial wall of the gut obliquely (for

i to J of an inch, 12 to 18 mm.), and open, by a common oriHce on the duodenal
papilla, about 3i or 4 inches (87 to 10 cm.) beyond the pylorus (see p. 1203).

In its course through the gland the pancreatic duct receives numerous tribuUiries,

which join it, as a rule, nearly at a right angle. The tributaries, as well a.s the main
duct itself, are easily recognised by the whiteness of their walls, which contrasts

with the darker colour of the gland tissue. The main duct receives tributaries from

all portions of the pancreas, and towards its termination attains a considerable size

(namely, ,Vth to J^th of an inch

—

25 to 4 mm.—when flattened out, or somewhat
larger than a crow quill).

Superior part of duodenum

Ac-ceasory |iaiicii'3tic

liuct

Pancreatic duct

Superior mesenteric artery
^^

Superior mesenteric vein

Bile-duct

Head of pancreas Branch of accessory duct

Fig. 94S.

—

Postkriou Aspect of the Panckeas and Duodenum, with the paucreatic duct expose<l.

The superior mesenteric vessels also are shown in section, passing forwards, surrounded by the

recurved portion of the head of the pancreas.

The pancreatic accessory duct (O.T. duct of Santorini) is a small and variably

developed duct (Fig. 948) which opens into the duodenum about | of an inch above

and somewhat anterior to the pancreatic duct. From the duodenum it runs to the left

and downwards, and soon divides into two or more branches, one of which join's the

pancreatic duct, the others pass down and receive tributaries from the lower part of

the head. It is generally supposed that the current flows from this into the main duct,

and not into the duodenum, as a rule, except in early life.

Physical Characters and Structure of the Pancreas.—The pancreas is of a

reddish cream colour, soft to the touch, and distinctly lobulated. The lobules

are but loosely held together by their small ducts and by loose areolar tissue

;

for, as already pointed out, the pancreas is devoid of a regular ciipsule, and
possesses instead merely an adventitious coat of fine connective tissue.

The gland belongs to the class of aciuo-tubular glands, its alveoli or acini being

elongated like those of the duodenal glands ; otherwise it corresponds very clo.sely

to a serous salivary glaud, the general structure of which will be found on p. 1140.

The secretion is termed succus pancreaticus.

Variations.—The chief variations found are :— (1) A separation of tlie part of the head,

known as the uncinate process, which then forms a lesser pancreas. (2) A growth of tlie }miicreas

around the duodenum, which it may practically encircle for a short part of it^ course. And (3)

an opening of its duct into the duodenum, independently of the bile-duct. An accessory pancreas

(pancreas acces-sorium) is also sometimes found in the wall of the stomach or of the jejunum.

Diverticula of the duodenum, already described (p. 1187), ought perhaps to be mentioned in

this connexion.

Vessels.—The arteries of the pancreas are:—(l)The superior pancreatico-daodenal, a branch

of the gastro-duodenal artery, which runs dowai on the front of the head (Fig. 946), sending branches

laterally to the duodenum, as well as numerous twigs into the substance of the pancreas.

(2) The inferior pancreatico-duodenal, a branch of the upper part of the superior mesenteric

artery ; or from the root of one of the rami jejunales ; it runs upwards and to the right across the

back of the head, and sends branches to it and to the duodenum, one of which runs between the

head and the duodenum. These two pancreatico-duodenal arteries anastomose around the inferior

border of the head. (3) Pancreatic rami from the splenic artery, are several (3 to 6) fair-sized branches

77b
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wliicli come off from the splenic as it runs behind the superior border of the gland ; they enter

the pancreas immediately, and traverse its substance from above downwards, some sending
branches in both directions along the course of the pancreatic duct.

The veins are : (1) The pancreaHco-duodenal veins (Fig. 947), of which some pass downwards
and to the lel't, on the front of the head, and join the superior mesenteric ; while others cross the
back of the head, and ojjen into the superior mesenteric ; (2) several small jjancreatic veins which
join the splenic.

The lymph, vessels pass chiefly with the splenic lymph vessels to the cceliac glands ; some also

are connected with a few glands which lie near the upjier end of the superior mesenteric vessels.

All the lynipli of the organ jDasses ultimately to the coeliac glands.

The nerves, which are almost entirely non-medullated, come from the jjlexus cosliacus,

through tlie hepatic and splenic plexuses.

INTESTINUM TENUE MESENTERIALE.

. Intestinum Jejunum and Intestinum Ileum.

The upper two-fifths, that is, about 8 feet, of the small intestine beyond the

duodenum, are known as the intestinum jejunum. The succeeding three-fifths,

which usually measure about 12 feet, constitute the intestinum ileum. The ileum
opens into the large intestine at the junction of the caecum and ascending colon,

where its orifice is guarded by the valvula coli.

Both the jejunum and ileum are connected to the parietes by a large fold of

peritoneum

—

the mesentery/—which conveys vessels and nerves from the posterior

abdominal wall to these divisions of the intestine.

The part of the tube to which the mesentery is connected is known as the

mesenteric or attached border ; the opposite side is the free border.

Mesenterium.— The mesentery is a broad fan-shaped fold, composed of two
layers of peritoneum, which connects the small intestine to the posterior wall of the

abdomen. The long free border of the fold contains the intestine within it (Fig. 949).

The other, or attached border, known as the radix mesenterii (root of the mesentery),

is comparatively short, being only 6 or 7 inches long; but it is much thicker

than the part near the gut, for it contains between its layers a considerable

amount of fatty extra-peritoneal tissue, in addition to the large vascular trunks
passing to the intestine. The root is attached to the posterior abdominal
wall along an oblique line, extending approximately from the left side of the

second lumbar vertebra to the right iliac fossa (Eig. 949). In this course its

Line of attachment passes from the duodeno-jejunal flexure down over the front

of the terminal part of the duodenum, then obliquely across the aorta, the inferior

vena cava, the right ureter, and psoas major muscle, to reach the right ihac region.

The unattached border of the mesentery is frilled out to an enormous degree, so

that, while the root measures but 6 or 7 inches, the free border is extended to

some 20 feet, thus resembling a fan, one border of wliich may be twenty or thirty

times as long as the other. The length of the mesentery, measured from its root

to the attached edge of the intestine directly opposite, usually measures at its

longest part about 6 inches (8 or 9 inches, Treves and Lockwood).
Between the two layers of the mesentery (Fig. 928) are contained (a) the

jejunal and ileal branches of the superior mesenteric vessels, accompanied by the

mesenteric nerve plexus and lymph vessels; (h) the mesenteric lymph glands,

which vary from 40 to 150 in number; (c) a considerable amount of fatty con-

nective tissue, continuous with the extra -peritoneal areolar tissue; and (d) the

intestine itself.

The peritoneum from the right side of the mesentery passes out on the posterior abdominal
wall to clothe the ascending colon, and, above, it is connected by a fold with the transverse meso-
colon- Tliat of the left side, similarly, passes across the parietes to the descending and iliac

portions of the colon.

The mesenterv begins above, immediately beyond the ending of the duodenum—tliat is, in

the angle of the duodeno-jejunal flexure—and it ends below in the angle between the ileum and
a.scending colon. It i.s very short at each end, Imt soon attains the average length. Its longest
part goes to the portion of the small intestine situated between two points, one six feet, the other
eleven feet from the duodenum (Treves).

Wliilat the root of the mesentery pursues at ita attachment an almost straight line from one end
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to the other, if cut across a very short ilistauce from tlie posterior alKioiiiinal wall, it will here be
found to form a wavy nr unduhiting line. Further away still thi.s condition becomes more and more
marked ; and finally, if the bowel is removed by cutting thi-ough the mesentery clo.se to its attach-
ment to the intestinal wall, it will be .seen that its free edge is not only undulating, but is frilled or
plaited to an extreme degree. When shown in this way, it is foun<l that the. jilaiting or fohling
18 not quite indiscriminate, but that the main folds, of which there are usually si.x, run alter-

nately to the right and left. As a rule, the first fol<l runs to the left from the du(jdeno-jejunal
flexure, and goes to a coil of jejunum which lies under the transverse mesocolon, and helps to

support the stomach. The second fold passeis to the right, the thiixl to the left, and so on nu to

the fifth and si.xth, which are usually small. From the margins of these primary folds secondary
folds project in all <lirections, and from the.se again even a third series may be formed.

Oth I'ostal <'artilage-

Vth costal {•.irtilaK'""

I.ii:. teres'

8tli costal cartilage-

Gall-bladder'

9th costal cartilage-

Liver-
loth costal cirtilage'

Duodonum"

Right flexure of colon'

Kidney

Csecunn

Ilenn]

.

Vermiform process

.

• Xiphoid process

.'.I I] rostal cartilage

, Hi <M,.slal (•.•irlila-.-.-

.Sth co.stal cartilago

.Transverse colon
•nth costal cartilage

10th costal cartilage
.Duodenu-Jejiinal
flexure

•Kidney

Descending colon

Mesentery, (cut)

Bifurcation of alidominal
•aorta

-Iliac colon

.Pelvic colon

-Urinary bladder

Fi(i. 949.

—

Abdomkn, aktkh kemov.al of S.mali, Intestine.

This order is of course by no means constant, but if the intestine is removed from a haixlened

body in the way suggested, without disturbing the mesentery, it will be found to l>e arranged

with more or less regularity, on some such jjlan as that indicated.

Differences between Jejunum and Ileum.—If the sinaU intestine is followed

down from the duodenum to the ctecum no noticeable change in appearance will

be found at any one part of its course, to indicate the transition from jejunum to

ileum ; for the one passes insensibly into the other. Nevertheless, a gradual change

takes place, and if typical parts of the two, namely, the upper portion of the

jejunum and the lower portion of the ileum, is examined, they will be found to

present characteristic differences, which are set forth in the following table :

—

Jejunum. Ileum.

Wider, 1^ to 1| inch in diameter.

Wall, thicker and heavier.

Redder and more vascular.

Plicae circulares, well developed.

Noduli lymphatici aggregati [Peyeri],

few and small.

Narrower, 1|^ to 1 inch in diameter.

Wall, thinner and lighter.

Paler and less vascular.

Plicje circulares, absent or verv small.

Noduli lymphatici aggregati [Peyeri], large

and numerous.
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The villi are also said to be shorter and broader in the jejunum, more slender

and tiliform in the ileum (Eauber).

The terminal portion of the ileum, after crossing the margin of the superior

aperture of the pelvis minor, runs upwards, and also slightly backwards and to the

right, in close contact with the ctecum, until the ileo-caecal orifice is reached.

Diverticulum Ilei (O.T. Meckel's Diverticulum). —This is a short finger-like protrusion

wliich is found springing from the lower part of the ileum in a little over 2 per cent, of the bodies

examined. It is usually about 2 inches long, and of the same width as the intestine from which
it comes off. Most commonly it is found about 2| feet from the valvula coli, and opposite

the original termination of the superior mesenteric artery. As a rule, its end is free ; but
occasionally it is adherent either to the abdominal wall, the adjacent viscera, or the mesentery,

and in such cases it may be the cause of strangulation of the intestine.

The diverticulum is due to the persistence of the proximal portion of the vitelline (or vitello-

intestinal) duct, Avhich connects the primitive intestine of the embryo with the yolk sac. In
shape it may be cylindrical, conical, or cord-like, and it may present secondary diverticula near
its tip. It arises most frequently from the free border of the intestine, but it sometimes comes
off from the side. It runs at right angles to the gut most commonly, but it may assume any
direction, and it is often provided with a mesentery. In 3302 bodies specially examined with
reference to its existence, it was present in 73, or 2'2 per cent., and it appeared to be more common
in the male than in the female. In 59 out of the 73 cases its position with reference to the end
of the ileum was examined : its average distance from the ileo-caecal valve was 32^ inches

measured along the gut, the greatest distance being 12 feet, and the smallest 6 inches. In
52 specimens the average length was 2*1 inches, the longest being 5j inches, the shortest ^ inch.

The diameter usually equals that of the intestine from which it springs ; but occasionally it

is cord-like, and pervious only for a short way ; on the other hand, it may attain a diameter of

3| inches.

Vessels and Nerves of the Jejunum and Ileum.—The arteries for both the jejunum and
ileum—the jejunal and ileal—come from the superior mesenteric, and are contained between
the two layers of the mesentery. After breaking up and forming three tiers of arches, the terminal

branches (Fig. 772, p. 931) reach the intestine, where they bifurcate, giving a branch to each side

of the gut. These latter run transversely round the intestines, at first under the peritoneal coat

;

soon, however, they pierce the muscular coat and form a plexus in the submucosa, from which
numerous branches pass to the mucous membrane, where some form plexuses around the

intestinal glands whilst others pass to the villi. The veins are similarly disposed, and the

blood from the whole of the small intestine beyond the duodenum is returned by the superior

mesenteric vein, which joins with the splenic to form the portal vein.

The lymph vessels of the small intestine (known as lacteals) begin in the villi, and also

as lymph sinuses surrounding the bases of the solitary nodules ; a large plexus is formed in the

subtuucosa, a second between the two layers of the muscular coat, and a third beneath the

peritoneum. The vessels from all these pass up in the mesentery, being connected on the way
with the numerous (from 40 to 150) mesenteric glands, and finally unite to form the truncus

intestinalis, which opens into the cisterna chyli.

The nerves come from the cceliac plexus, through the superior mesenteric plexus, which
accompanies the superior mesenteric artery between the layers of the mesentery, and thus

reaches the intestine. Some of the fibres are derived ultimately from the right vagus. The
nerve-fibres are non-medullated, and form, as in other parts of the canal, two gangliated

plexuses—the myenteric in the muscular coat, and the submucosal in the submucosa.

Structure.—The tunica serosa is complete in all parts of the jejunum and ileum.

The tunica muscularis is thicker in the jejunum, and grows gradually thinner as it is

traced down along the ileum. The tela submucosa contains the bases of the solitary

nodules (Fig. 929), but otherwise calls for no special remark. The tunica mucosa is thicker

and redder above in the jejunum, thinner and paler in the ileum. It is covered through-

out by villi intestinales, which are shorter and broader in the jejunum, longer and narrower

in the ileum. In its whole extent it is closely set with intestinal glands, and numerous
solitary nodules are seen projecting on its surface. Aggregated lymph nodules are

particularly large and numerous in the ileum ; they ai-e fewer, smaller, and usually

circular in the jejunum. Finally, the mucous membrane forms plicie circulares, which

are much more prominent in the jejunum ; they are smaller and fewer in the superior

part of the ileum, and usually disappear a little below its middle.

INTESTINUM CKASSUM.

The ileum is succeeded by the intestinum crassum (large intestine), which
begins on the right side, some 2| incjhes below the ileo-ca^cal junction, and com-

prises the following parts :

—
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1. Caecum. —Tlie caecum is a wide, short cul-de-sac, coiisisLiiig of the portion of
the liirj^'C bowel Itelow the Viilvula coli. It lies in the right ili.ic rej^'ion, and from
its medial and i)Ostia-ior jiart a wonn-shaiKul ontgnnvth, the vermiform process, is

prolongeil (Fig. 951).

2. Colon Ascendens.— Tlie ascending colon ascends vertically in the right
lumbar region as far as the inferior surface of the liver : here the gut bends to

the left, forming the flexura coll dextra (O.T. hepatic flexure), and then pasw^s trans-

versely across the alKlomen, Lowaids the s])le('n, as the transverse colon.

3. Colon Transversuni. - -The transverse colon, a loop of intestine which passes
across tiie abdominal cavity in

_
an irregular looped manner. It ends at the

inferior extremity of the s])leen. There it turns downward, forming the flexura

coll sinistra (().T. splenic flexure), and y)asses into tjjo descending coloti.

Haustra (Sacculations) TiKiiia coli

Appendices epiploic*

Fig. 950.

—

Lakcik Intkstink.

A jiiece of transverse colon from a child two years old. The three chief characteristics of the large intestine

—

sacculations, toenia?, and appendices epiploicte—are shown.

4. Colon Descendens.—The descending colon runs down on the left side, from
the splenic flexure to the rectum.

It is usually divided into the following parts :

—

(a) Descending colon, which extends down to the crest of the ilium.

(b) The iliac colon extends from the crest of the ilium to the superior aperture

of the pelvis, where it is succeeded by the pelvic colon.

(c) The pelvic colon is a large loop of intestine which is usually found in the

pelvis. The iliac and pelvic portions of the colon taken together are

sometimes described as the colon sigmoideum.

5. Intestinum Rectum.—The rectum, the terminal part of the large bowel,

succeeds the pelvic colon, and ends in the anal canal, w^hich opens on the surface

at the anal orifice.

In its course the large bowel is arranged in an arched manner around the

small intestine, which lies within the concavity of the curve (Fig. 912).

In length, the great intestine is equal to about one-fifth of the whole intestinal

canal, and usually measures between 5 and 5h feet (180 to 195 cm.). Its breadth

is greatest at the ctecum, and from this—with the exception of a dilation at the

rectum—it gradually decreases to the anus. At the caecum it measures, when
distended, about 3 inches (75 mm.) in diameter; beyond this it gradually

diminishes, and measures only 1^ inches (37 mm.) or less in the descending and

iliac divisions of the colon.

The large intestine, with the exception of the rectum and vermiform process,

may be easily distinguished from the regularly cylindrical small intestine by (a)

the presence of three longitudinal bands—the taeniae coli—running along its surface

(Fig. 950) ;
(b) by the fact that its walls are sacculated ; and (c) by the presence

of numerous little peritoneal processes, known as appendices epiploicae, projecting

from its serous coat. In addition, the larger intestine is usually wider than the

small, but reliance cannot be placed on this character, for the jejunum is often

—

indeed, generally—wider than the empty and contracted descending colon.

Taeniae Coli.—In the large bowel, unlike the small, the longitudinal fibres of

the muscular coat do not form a complete layer, continuous all round the tube.
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but, on the contrary, are broken up (Eig. 950) into three bands, known as the

taeniae coli. These bands, which are about I inch (6 mm.) wide, begin at the base

of the vermiform process, and run along the surface of the gut at nearly equal

distances from one another until the rectum is reached. There they spread out

and form a layer of longitudinal muscular fibres, which is continuous all round the

tube (see p. 1229). The bands are about one-sixth shorter than the intestine to

which they belong ; consequently, in order to accommodate the bowel to the length

of the teniae, the gut is tucked up, giving rise to a sacculated condition (Fig. 950).

Three rows of pouches or saccules are thus produced, along the length of the tube,

between the tasnii-e. If the taeniae are dissected off, the sacculations largely disappear,

the intestine becomes cylindrical, and at the same time about one-sixth longer.

The appendices epiploicae (Fig. 950) are little processes or pouches of peritoneum,

generally more or less distended with fat, except in emaciated subjects, which

project from the serous coat along the whole length of the large intestine, with the

exception of the rectum proper.

When the interior of a piece of distended and dried large intestine is examined, its

saccules appear as rounded pouches, haustra, separated by crescentic folds, plicae

semilunares coli, corresponding to the creases on the exterior separating the saccules

from one another.

The position of the three tsenise on the intestines is as follows :—On the ascending, descending,

and iliac colons one taenia lies on tlie anterior aspect of the gut, and two on the posterior aspect,

namely, one to the lateral side (postero - lateral), the other to the medial side (postero-medial). It

is chiefly along the first of these (the anterior) that the appendices epiploicse are found. On the

transverse colon their arrangement is different, but is rendered exactly similar by turning the

great omentum, with the colon, up over the thorax. On the transverse colon in the natural

position, the anterior taenia of the ascending and descending colons becomes the posterior (or

postero-inferior) termed Uenia libera, the postero-lateral becomes anterior or tcenia omentalis,

and the postero-medial becomes superior in position and is termed tcenia mesocolica. The anterior

and postero-lateral tsenise of the iliac colon pass below on to the front of the pelvic colon and

rectum.
In formalin-hardened bodies portions of the large intestine, but particularly of the descending

and sigmoid colons, are often found fixed in what appears to be a state of contraction, when
they are reduced to a diameter of about f or t of an inch (16 to 19 mm.). Under similar con-

ditions parts of the small intestine are found correspondingly reduced.

The appendices epiploicsej although generally said to be absent in the fcBtus, can be distinctly

seen as early as the seventh month, but at this time they contain no fat

Structure of the Large Intestine.—The tunica serosa is complete on the

vermiform process, caecum, transverse colon, and pelvic colon ; incomplete on the

ascending, descending, and iliac divisions of the colon and on the rectum. It will be

described in detail with each of these portions of the intestine.

The tunica mucosa is of a pale, or yellowish, ash colour in the colon, but

becomes much redder in the rectum. Unlike that of the small intestine, its surface

is smooth, owing to the absence of villi, but it is closely studded with the orifices

of numerous large intestinal glands. Solitary lymph nodules are also numerous,

particularly in the vermiform process (Fig. 955).

Vessels and Nerves.—The csecum and vermiform process receive their blood from the

ileo-colic artery ; the ascending colon from the right colic artery ; and the transverse colon from

the middle colic artery, which lies in the transverse mesocolon. These are all branches of the

superior mesenteric. The descending colon is supplied by the left colic, and the iliac and

pelvic colons by the sigmoid arteries, branches of tlie inferior mesenteric. The rectum derives

its blood from the three hsemorrhoidal arteries, which will be described with that divisioii of

the gut.

The veins correspond largely to the arteries, and join the inferior and superior mesenteric

vessels, which send their blood into the portal vein.

The lymph vessels of the large intestine arise from plexuses in the submucous and sub-

peritoneal coats, as in other parts of the alimentary canal.

The deeper ve.ssels escape chiefly along the entering blood-vessels, those from the lateral

aspects passing behind the intestine.

The vessels pass medially to a series of glands lying along the medial border of the intestine

(" paracolic " glands (Jamieson)) ; thence they pass along the lines of the main arteries, passing

then to glands disposed at intervals about these vessels (intermediate and main glands). The
lymph vessels from the lower half of the descending colon, and from the iliac and pelvic colons,

join the left lymph trunk of the lumbar glands. Those of the rectum and csecum will be described

later.
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Nerves.—The nerves come from the superior mesenteric plexus, an offshoot of the coeliac

plexus, and from the inferior mesenteric, a derivative of the aortic plexus. The arrangement i»

similar to that of the nerves of the small intestine.

Fiu. 9j1.—Thk Cecum and Vermikokm Puucess from thk kko.nt.

INTESTINUM CECUM AND PROCESSUS VERMIFOKMIS.

Intestinum Caecum.—After leaving the pelvic cavity, as already described, the

lenuiual portion ot the small intestine passes upwards, backwards, and to the

right, and opens, by the ileo-

csecal oritice, into the large in-

testine some 2h inches from its

lower end. The portion of the

large gut which lies below the

level of this oritice is known as

the intestiniun caecum. In shape

(Fig. 9 51; it is a wide, asym-
metrical, or lop-sided cul-de-sac,

furnished with the ta-nite and
sacculations usually found in the

large intestine. Its lower end
oTfutidus is directed downwards
and medially, and usually rests

on the right psoas major muscle,

close to the brim of the pelvis

;

whilst the opposite end is

directed upwards and laterally,

and is continued into the ascend-

ing colon.

Its asymmetrical form is due to the

fact that the lateral and medial por-

tions of the organ undergo an unequal
development in the child. The medial (or medial and posterior) section lags behind, whilst the
lateral (or lateral and anterior) division grows much more rapidly, and, ])rojecting downwards,
soon comes to form the inferior end or fundus of the ciecum. As a result the original extremity
of the giU, with the vermiform process springing from it, is hidden away behind and to the
medial side of the fundus.

In length the distended csecum usually measures about 2i inches (60 mm.)

;

whilst its breadth is usually more, and averages about 3 inches '(75 mm.).
Position. — It is usually situated almost entirely within the right iliac

region of the abdomen, immediately above the lateral half or third of tlie inguinal

ligament ; but its inferior end projects medially in front of the psoas major and
reaches the hypogastrium (Fig. 951). On the other hand, it is sometimes found
liigh tip in the right lumbar region (owing to the persistence of the fcetal position), or

hanging over the pelvic brim and dipping into the pelvic cavity to a varying extent.

In the great majority of cases the cajcum is completely covereil with peri-

toneum on all aspects, and lies quite free in the abdominal cavity. In a

small proportion, namely, about 6 or 7 per cent, of bodies, the posterior surface

(probably as a result of adhesions) is not completely covered, but over a

greater or less portion of its extent is bound down to the posterior abdominal

wall by connective tissue.

Relations.

—

Posteriorly, the crecum rests on the ilio-psoas muscle
;
generally, too,

on the vermiform process and the femoral nerve. Anteriorly, it usually lies in

contact with the omentum and anterior abdominal wall ; but when the cecum
is empty, the small intestine intervenes. Its lateral side is placed immediately

above the lateral half or third of the inguinal ligament (Fig. 951), whilst the medial

side has the termination of the ileum lying in contact with it. On the medial

and posterior aspect, but more on the former than the latter, the small intestine

joins the ciecum. On the same aspect, and usually from 1 to li inches (25 to

37 mm.) lower down, the vermiform process comes off.
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Upper
segment
of valve

Ileo-ciecal

orilice ~\^

The interior of the csecum corresponds in general appearance to that of

the large intestine ; but it presents two special features on the posterior part of

its medial wall, namely, the ileo-csecal orifice, guarded by the valvula coll (O.T. ileo-

csecal valve), and below that the small opening of the processus vermiformis, both
of which call for further notice.

Valvula Coli (O.T. Ileo-caecal

Valve).—Where the ileum enters the

large intestine, the end of the small gut
is, as it were, thrust through the waU of

the large bowel, carrying with it certain

layers of that wall, which project into

the caecum in the form of two folds,

lying respectively above and below its

orifice, and constituting the two seg-

ments of the valve (Fig. 952). The
condition may be compared to a partial

inversion or telescoping of the small

into the large intestine : it must, be
added that the peritoneum and longi-

tudinal muscular fibres of the bowel
take no part in this infolding ; on the

contrary, they are stretched tightly

across the crease produced on the ex-

terior by the inversion, and thus serve

to preserve the fold and the formation

of the valve.

As seen from the interior, in speci-

mens which have been distended and
dried (Eig. 953), the valve is made up
of two crescentic segments—a superior,

labium superius, in a more or less

horizontal plane, forming the superior

margin of the aperture ; and an inferior,

labium inferius, which is larger, placed in

an oblique plane, and sloping upwards
and inwards (i.e., towards the cavity of

the caecum). Between the two seg-

ments is situated the slit-shaped open-

ing, which runs in an almost antero-

posterior direction, with a rounded an-

terior and a pointed posterior extremity

(Fig. 952). At each end of the orifice

the two segments of the valve meet,

unite, and are then prolonged around
the wall of the cavity as two prominent
folds— the frenula valvulse coli. It is

thought that when the caecum is dis-

tended, and its circumference thereby

increased, these frenula are put on the

stretch, and, pulling upon the two segments of the valve, they bring them into

apposition, and effect the closure of the orifice.

The position of the valvula coli, in the average condition, may be indicated

on the surface of the body by the point of intersection of the intertubercular and
vertical lateral lines. A point 1 to 1| inches (2-5 to 3-7 cm.) lower down would
correspond to the orifice of the vermiform process.

In bodies hardened in situ with formalin, the valve and orifice present an entirely different

appearance (see Fig. 952, in which three different forms of hardened valves are shown), suggesting,
much more closely than in the dried state, the appearance of telescoping or inversion mentioned
above. In them also the two segments of the valve are much thicker and shorter, but they can

Lowei-
segment

Orifice of
vermiform

process

Fig. 952.

—

Threk Forms ov Valvula Coli, from

bodies hardened by intra-vascular injections of

formalin.

The hardening was not so complete in the case of the

highest of the three valves represented. In each

a bristle is passed through the orifice of the vermi-

form process.
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always be distinguished, and are luund to bear the same relation to one another as in the dried
condition, although this may be obscured by foldings or rugaj. The apertuie may be slit-like or
rounded, with sloping or funnel-shaped etlges ; the frenula are not no i)roniin<'nt at times; but
the whole valve projects much more abruptly into the cavity of the caecum than in thed'stended
and dried specimen.

Structure of the Valvula Coli. Each lubium <>f the valve is formed of an
infolding of all the coats of the gut, excej)t the peritoneum and the longitudinal muHcular
fibres, and consequently consists of two layers of mucous mcniltraiie, with the sub-
mucosa and the circular muscular fibres between, all of

which are continuous with those of the ileum on the one
hand and of the large intestine on the other. The surface

of each labium turned towards the small intestine is

covered with villi, and conforms in the structure of its
^"' "i^tohcum

mucous membrane to that of the ileum ; whilst the

mucous membrane of the opposite surface resembles the

mucous coat of the large bowel.

LOMCiTUDINAL I

MUCOUS MCUIKAS

FiQ. 953.— Diagrammatic Section
through the junction ok the
Ileum with the C^com, to show
THE Formation ok the Val-
vula Coli.

In the dried specimen the superior labium usually projects
further into the cavity of the caecum than the inferior, so

that the aperture appears to be placed between the edge of

the inferior segment and the inferior surface of the superior.

There is little doubt that the efficiency of the valvula
coli is largely due to the oblique manner in which the ileum
enters or invaginates the large intestine ; this oblique passage
alone, as in the case of the ureter piercing the wall of the
bladder, would probably be sufficient to prevent a return of

the caecal contents. In the great majority of cases, when in

position within the body, the ileum is perfectly protected from
such a return, although when the parts are removed, and then
distended with fliud, this fluid often passes through the valve,

and reaches the small intestine. Still, the efficiency of such a
test, applied when the parts are deprived of their natural
supports, cannot be relied upon.

The size of the segments of the valve, as seen in the dried
condition, varies considerably ; they are sometimes very imperfect ; and even the absence of
both has been recorded. But here again there is danger of falling into error, through examining
the parts under such artificial conditions.

Tjrpes of Caecum.—Three chief types of caecum may be distinguished

—

the fcetal type, conical
in shape and nearly symmetrical, with the inferior end gradually passing into the vermiform
process ; the infantile, in which the passage from the caecum to the vermiform process becomes
more abrupt, the lateral wall more prominent, and the whole sac more asymmetrical ; and the lop-
sided adult form, as described above, which is the condition found in 93 or 94 per cent of adults.

Structure.—Nothing in the arrangement of the mucous and submucous coats calls

for special notice. The taenise or longitudinal bands of the muscular coat all spring
from the base of the vermiform process (Fig. 954) ; the anterior runs up on the front,

medial to the main prominence of the ctecum ; the postero-lateral runs up behind this

prominence ; whilst the postero-medial passes directly upwards behind the ileum (Fig.

954). The longitudinal fibres on the superior aspect of the ileum partly join the postero-

medial tscnia ; those on the anterior and posterior aspects join the circular fibres of the
large gut.

The serous coat has, in connexion with it, certain folds and fossae which are described

at p. 1218.

Processus Vermiformis (Fig. 954). — The vermiform process (O.T. appendix,

or vermiform appendix) is a worm-like tubular segment which springs from the

medial and posterior part of the c?ecum about 1 to 1^ inches (2-5 to 3-75 cm.) below
the ileo-caical orifice. From that point it generally runs in one of three chief direc-

tions, namely—(1) over the brim, into the pelvis
; (2) upwards behind the ctecum

;

or (3) upwards and medially, thus pointing towards the spleen; each of which has
been considered to be the normal position by one or more observers. In the first

of these situations it is quite evident as it hangs over the pelvic brim ; in order

to expose it in the second, the caecum must be turned upwards; whilst, in the third

position, it lies behind the end of the ileum and its mesentery, and these must
be raised up in order to display it. In addition to the positions just mentioned, it
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has been found in almost every possible situation in the abdomen which its length

and the extent of its mesentery would allow it to attain. In every case the

anterior ta3nia of the csecum, which is always distinct, offers the surest guide to

the vermiform process, and its base can be located with certainty by following

this ta3nia to the back of the caecum (Fig. 954).

Its size is almost as variable as its position. Taking the average of numerous
measurements, its length may be given as about 3J inches (92 mm., Berry), and

its breadth as I inch (6 mm., Berry). On the other hand, it has been found as

long as 9 inches (230 mm.), and as short as f inch (18 mm.). Even its absence

has been recorded (Fawcett), but this must be looked upon as an extremely rare

occurrence.

Its lumen or cavity is variable in its development, and is found to be totally

or partially occluded in at least one-fourth of all adult and old bodies examined.

This is looked upon as a sign of degeneracy in the process of gradual oblitera-

tion, which it is by many considered to be undergoing, in the human species. It

opens into the cavity of the caecum on its medial, or medial and posterior aspect

CAECAL A

Fig. 954.

—

The Blood-Supply op the C^cum and Vermiform Process.

The illustration to the left gives a front view ; in that to the right the caecum is viewed from behind. In the

latter the artery of the process, and three taeniae eoli springing from the base of the vermiform process

should be specially noted. (Modified from Jonnesco).

(Fig. 952), at a point 1 to 1^ inches (2'5 to 3-8 cm.) below, and somewhat posterior to

the ileo-csecal orifice. These are the relative positions of the two orifices, as seen

from the interior of the csecum ; viewed from the exterior, the base of the vermiform

process is within f inch of the lower border of the ileum. This apparent difference

is due to the fact that the ileum adheres to the medial side of the caecum for a

distance of nearly 1 inch before it opens into it.

Sometimes the orifice of the vermiform process has a crescentic fold or valve,

the valvula processus venniformis, placed at its superior border ; but it is probably of

very little functional importance, for the aperture of the process is usually so

small that its cavity is not likely to be invaded by the contents of the caecum.

The vermiform process is completely covered with peritoneum, and has a con-

siderable mesentery, the mesenteriolum processus vermiformis (O.T. meso-cqjjyendix),

which extends to its tip as a rule, and connects the process to the inferior surface of

that part of the mesentery proper which goes to the inferior extremity of the ileum.

The vermiform process is relatively, to the rest of the large intestine, longer in the child at

birth than in the adult, the proportion being about 1 to 16 or 17 at birth and 1 to 19 or 20 in

the adult. (The difference is certainly not as great as stated l)y Ribbert, who makes the

Sroportion 1 to 10 at birth and 1 to 20 in the adult.) The process attains its greatest length and
iameter during adult and middle age, and atrophies slowly after that time. It is said to be

slightly longer in the male than in the female.

Total occlusion of its cavity is found in 3 or 4 per cent, of bodies ; it is then converted into a

fibrous cord. Partial occlusion is present in 25 per cent, of all cases, and in more than 50 per cent.
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of those over 60 years old, whilst it is luikiiown in the child. This freciuency of occliisioii, the
physiological atrophy which takes place after middle life, the great variations in length, and other
signs of instability, have been considered to point to the retrogressive character of the vermiform
process.

A vermiform process is found only in man, the higher ape.s, and the wombat, although in
certain rodents a somewhat similar arrangement exist* In carnivorous animals the ciecum is very
slightly developed ; in herbivorous animals (with a simple stomach) it is, as a rule, extremely large.

It has been suggested that the vermiform ])roce.ss in man is the degenerated remains of tne
herbivorous cjucum, which has been re])lacod by the carnivorous form. Another and ]>erhap8
more probable view reganls the process as a lyinj»h organ, having the same functions as lymph
nodules, and, like these, undergoing degeneration after middle life (Berry).

In the fcEtus and child, as well as in the adult witli the infantile type of caecum, the vermi-
form process springs from the true apex, not from the medial and posterior aspect.

Flo. 955.

—

Stkucture ok the Veumiform Puocess.

A. From a child two years old. B. From a male, age 56.

It will be observed that the tela submucosa is almost entirely occupied by lymph nodules and patches. The
lamina muscularis niwcosie is very faint, and lies quite close to the bases of the intestinal glands. The
longitudinal layer of muscular fibres forms a continuous sheet.

Foreign bodies, although reputed to find their way very easily into the vermiform process, are

rarely found there after death. On the other hand, concretions or calculi, formed of mucus,
fieces, and various salts, are often present (Berry).

Structure (Fig. 955).—The tunica serosa is complete, and forms a perfect investment

for the process. The tunica muscularis, unlike that of the rest of the large intestine, has a

continuous and stout layer of longitudiiu^l fibres, which passes at the root of the process

into the three tiieniiie coli (Fig. 954). The layer of circular fibres is well developed. The
tela submucosa is almost entirely occupied by large masses of lymph tissue surrounded

by sinus-like lymph spaces. Owing to the large size of these lymph nodules, the areolar

tissue of the submucosa is compressed against the inner surface of the muscular coat, and
forms a well-marked fibrous ring, which sends processes at intervals between the lymph
masses towards the mucous membrane. These lymph nodules, which correspond to

solitary lymphoid nodules, have, owing to their great number, been almost completely

crushed out of the mucosa (in which they chiefly lie in the intestine) into the stibmucosa.

The mucous coat corresponds to that of the large intestine in its general characters,

but the intestinal glands are fewer, and irregular in their direction ; the lamina muscularis

mucosa; is thin and ill-defined ; it lies just internal to the lymphoid nodules of the sub-

mucosa, and immediately outside the base of the intestinal glands. Some few lymph
nodules lie in the mucous coat also.

Blood-vessels of the Caecimi and Vermiform Process (Fig. 954). — These j^rta are

supplied with blood by the ileo-colic artery. This gives off, near the u]>per angle formed by the

junction of the ileum with tlie small intestine—(a) an anterior H'n-Cfrral artery, which passes

down on the front of the ileo-ciecal junction to the c;ecum, and breaks up into numerous branches

for the supply of that part ; (6) a posterior ilco-co'cal artery, similarly disposed on the back ; and

(c) the artery for the rermifonn process. The last-named branch passes down behind the ileum (Fig.

954), then entere the mesentery of the process, and running along this near it* free l>order, sends oflF

several branches across the little mesentery to the process, before finally ending in it. The course

of the artery behind the ileum is said to' render it subject to pressure from f;ecal masses in that

gut, and thus to predispose to an interference with the blooa supply of the vermiform process,

and to morbid changes in it.

78



1218 THE DIGESTIVE SYSTEM.

The lymph vessels of the ctecum and vermiform jDi-ocess arise mainly from networks iu the
mucous and serous coats.

The first of these networks communicates with a lymph sinus which is found at the base of

the lymph nodules in the process, and the vessels from it pierce the muscular coats, and pass

in company with the blood-vessels. They are connected with mucous lymph glands found near
the ileo-caecal junction, especially on the posterior and medial aspect, in the angle between the
ileum and colon.

Small isolated glands may be found lying in close contact with the medial part of the caecum,
on its anterior and posterior aspects. From these glands, the lymph stream is directed upwards
and medially towards the coeliac and lumbar glands. The lymph vessels of the vermiform
process may also communicate with the lymph nodes in tfie iliac fossa, and als6,)it has been
stated, with the lymph vessels of the right ovary.

Caecal Folds and Fossae.—The peritoneum in the neighbourhood of the csecum
forms certain fossae, of which the most interesting and important are

—

{a) the fossa

CcTecalis
;

(b) the recessus ileocsecalis inferior
;

(c) the recessus ileocsecalis superior ; and
(d) the recessus retrocsecalis.

(a) The fossa csecalis (Fig. 956, B) is only occasionally present, and can be exposed by
turning the csecum and adjacent part of the ileum upwards. It is a fossa in the

RETRO-CAECAL FOSSA

B

Fig. 956.

—

The C^cal Folds and Foss^a;.

In A, the caecum is viewed from the front ; the mesentery of the vermiform process is distinct, and
above to the inferior surface of the portion of the mesentery going to the end of the ileum,

csecum is turned upwards to show a retro-csecal fossa, which lies behind it and behind the

of the ascending colon.

is attached

In B, the

beginning

parietal peritoneum on the posterior abdominal wall, open above, in which the lower end

of the caecum occasionally lies. It is produced by the plica ccecalis, a peritoneal fold which

passes from the surface of the iliacus to the right lateral aspect of the caecum. Two forms,

lateral and medial, are described ; the first lies behind the lateral pai't of the ascending

colon, immediately above the caecum ; the second behind its medial part. These fossae

are specially interesting because, when present, they frequently lodge the vermiform pro-

cess (see Fig. 956, B), a condition which is said to favour the production of appendicitis.

(6 and c) Recessus Ileocsecales and Plica Ileocaecalis.—If the vermiform process is

drawn down, and the finger run towards the ctccum, along the inferior border of the terminal

part of the ileum, its point will generally run into a fossa situated in the angle between

the ileum and csecum (Fig. 956, A), which is known as the recessus ileocaecalis inferior.

The fold which bounds the fossa in front is the plica ileoccecalis (O.T. the " bloodless

fold of Treves "). It passes from the ileum to the front of the mesentery of the

vermiform process, which forms the posterior wall of the fossa.

The plica ileocascalis contains some unstriped muscle fibres continuous with the

longitudinal muscle coat of the cajcum, and some fat especially at its free margin.

The recessus ileocsecalis inferior is bounded above by the lower end of the ileum, to

the right by the caecum, in front by the plica ileocaecalis, behind by the root of the

mesenteriolum of the processus vermiformi.s, while it is open to the left or medially.

Similarly, if the finger is run out along the superior border of the ileum towards the

CEecum, it will usually lodge in a smaller fossa, the recessus ileoccecalis superior, which is
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bounded in front by u small peritoneal process, the ileocolic fold (Fig. 95G, A), containing
the anterior ciccal artery.

The recessus ileociecalis superior lies at the upper margin of the opening of the
ileum into the colon, and is Ixtunded behind by the ileum, to the right by the
cfccum.

(d) Recessus Retrocaecalis.—This is an occasional recess which passes upwards between
the ascending colon and the pijsterior abdominal wall. Its oritice looks downwards <»r to
the left, and lies in the foss;i Ciecalis behind the ciecum.

COLON.

Colon Ascendens.—The ascending colon begins about the level of the iuter-

tubercular plane, t)pposite the ileo-ca-cal oritice, where it i.s continuou.s with the
caecum. From there it ruii.s upwards and somewhat posteriorly, with a slight con-
cavity to the lett, until it reaches the interior surface of the liver, where it bends
forwards and to the left, and passes into the right Hexure of tiie colon (Fig. 957).
In its course it lies in the angle between the quadratus lumborum, and the more
prominent psoas major medially (Fig. 957).

It is situated chietly in the right lumbar region, but it extends slightly into

the hypochondrium above ; and, although it usually begins about the level of the
intertubercular plane, still with a low position of the ccecum it will extend further

down, and may occupy a considerable part of the iliac region.

Its length is extremely variable, depending upon the extent to which theciecum
has descended from the position it occupied during development, viz., in contact

with the under surface of the liver.

It is from 5 to 8 inches long, and it is wider and more prominent than the

descending colon. It generally presents several minor curves or flexures, and
it often has the appearance of being pushed into a space which is too short to

accommodate it.

Relations.

—

Anteriorly, it is usually in contact with the abdominal wall, but the

small intestine frequently intervenes, particularly above (Fig. 957). To its medial

side lie the coils of the small bowel and the psoas major ; to the lateral side is the

side wall of the abdomen. Its posterior surface, which is free from peritoneum
as a rule (Fig. 968), is connected by areolar tissue to the iliacus muscle as far up as

the crest of the ilium, to the quadratus lumborum above that, and Anally to the

inferior part of the right kidney.

In the great majority of cases only the two sides and the anterior surface are

covered with peritoneum, the posterior surface being destitute of a serous coat (Fig.

968). In a small proportion of bodies, however, the ascending colon is provided

with a complete peritoneal coat and a mesentery, but this latter is so short that it

admits of but a slight amount of movement in the gut.

On the lateral aspect of the cjecum and colon there are occasionally found

small peritoneal pockets termed recessus paracolici.

Like the caecum, the ascending colon is frequently found distended with gas or f:eces after

death, hence in part its large size and prominence as compared with the descending colon, which

is generally empty.

Flexura Coli Dextra.—The right (O.T. hepatic) flexure of the colon is the

bent piece of tiie large intestine between the end of the ascending colon and the

beginning of the transverse colon (Figs. 947 and 957).

When the ascending colon reaches the inferior surface of the liver, it bends

—

usually acutely, sometimes obtusely—forwards and to the left on .the anterior surface

of the right kidney, and on reaching the front of tlie descending portion of the

duodenuui, passes into the transverse colon.

The flexure is placed between the descending duoilenum medially and the

anterior thin margin of the Liver, or the side wall of the abdomen, laterally ; above,

it corresponds to the colic impression on the liver, and posteriorly it rests on the

kidney. Its peritoneal relations are similar to those of the ascending colon.

Colon Transversum.—This is the long and looped portion of the large intestine

78 a



1220 THE DIGESTIVE SYSTEM.

which lies between the right and left flexures. It begins at the end of the right

liexure, at the point where the colon passes forwards from the anterior surface

of the kidney, and, turning to the left, crosses the descending duodenum (Fig. 957).

It runs at first transversely to the left, and for the first few inches is compara-

tively fixed, being united to the front of the descending part of the duodenum and
the head of the pancreas either by a very short mesentery or by areolar tissue.

Immediately to the left of tlie head of the pancreas a long mesentery is developed,

which allows the colon to hang down in front of the small intestine, at a con-

siderable distance from the posterior abdominal wall. The portion of the colon

so suspended is therefore very movable, and consequently its position is very variable,

and is influenced by posture and by the condition of the other viscera. Towards

its left extremity the mesentery shortens again, thus bringing the gut towards the

tail of the pancreas (Fig. 957), along which it runs upwards into the left hypo-

chondrium, under cover of the stomach, as far as the inferior end of the spleen,

where it passes into the left (O.T. splenic) flexure (Fig. 942). Its two ends lie in

the right and left hypochondriac regions respectively, whilst its middle portion

hangs down into the umbilical, or even the hypogastric region.

Its average length is about 19 or 20 inches (47"5 to 50-0 cm.), that is, more
than twice the distance, in a direct line, between its two extremities. This great

length is accounted for by the curved and somewhat irregular course which the

bowel pursues.

Relations.— The greater part of the transverse colon lies behind the greater

omentum, which must consequently be turned upwards in order to expose it.

Above, it is in contact, from right to left (Fig. 957), with the liver and gall-bladder

(which also descend in front of the colon), the stomach, and, near its left end, with

the tail of the pancreas and inferior end of the spleen (Fig. 947). Anteriorly are placed

the omentum and the anterior abdominal wall ; towards its termination the stomach

also is anterior. Posteriorly, it first lies in contact with the descending duodenum
and head of the pancreas; further to the left, where it hangs down, the small intestine

is placed below and posteriorly, and it is connected to the posterior abdominal wall

(more correctly, to the anterior border of the pancreas) by the transverse mesocolon.

It is also loosely connected to the stomach by the gastro-colic ligament which is

attached to its anterior surface. The transverse mesocolon and the gastro-colic

hgament are described with the peritoneum, p. 1242.

The transverse colon is completely covered with peritoneum, with the exception

of the first few inches of its posterior surface, which are often, if not usually,

uncovered.

The state of the peritoneal covering on the posterior surface of the first part of the transverse

colon would seem to depend, in some degree, on the extent to which the liver passes downwards
on the right side. With a small, high liver no mesentery is present, and the posterior surface is

devoid of peritoneum ; on the other hand, when the liver is enlarged in the vertical direction,

it pushes the colon downwards hefore it, and hrings the upper line of the peritoneal reflection

from its back, into contact with the lower, thus giving rise to the mesentery. In the foetus of

three or four months evei'y part of the colon is supplied with a long mesentery ; subsequently

tliis, as a rule, disappears at the beginning of the transverse colon, but it may be reproduced in

the manner stated.

Flexura Coll Sinistra (Left Flexure of the Colon (O.T. Splenic Flexure)).—

The terminal portion of the transverse colon runs upwards (also posteriorly and

to the left) until the inferior end or base of the spleen is reached ; here it bends

sharply, forming the left flexure, and runs down into the descending colon. The

flexure is placed deeply in the left hypochondrium, posterior to the stomach, and

in contact with the base of the spleen. It lies at a higher level than the right

colic flexure, and is connected to the abdominal parietes by the phrenico-cohc

ligament, which helps to maintain it in this position.

Ligamentum Phrenicocolicum (Fig. 947).—This is a triangular fold of peritoneum,

with a free anterior border, which is attached medially to the left flexure and
laterally to the diaphragm opposite the ninth to the eleventh rib. (Owing to the

fact that the base of the spleen rests upon it, the ligament has also received the

older name of sustentaculum lienis.)
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Thi; phrenico-colic ligament is formed in the fojtu.s fioin tlie left margin of the greater

omentum (Jonnesco).

The peritoneal covering of the left colic flexure is similar to that of the descenfling colon.

Colon Descendens.—The descending colon is much narrower and less obtrusive

than the ascending colon : indeed in a large number of cases it is found Hrmly

contracted. It begins in the left hypochondrium at the left Hexure, passes down
on the left side of the aljdomen, and ends in the lumbar region, opposite the crest

of the ilium, by passing into the iliac colon. Its course is not quite straight, for it

first curves downwards and medially along the lateral border of the left kidney,

and then descends almost vertically to the iliac crest (Fig. 957).

Its length is usually from 4 to 6 inches (10 to 15 cm.), and its width, which is

less than that of the ascending colon, about 1| inches (37 mm.).
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FiQ. 957.

—

The Abdo.minal Viscera after the Removal of the Jejunum and Ileum (from a photograph

of the same body as depicted in Fig. 942). The transverse colon is much more ref,Milar than usual. -

Relations.—The descending colon first lies in contact with the lateral border of

the left kidney; below that it is placed, like the colon of the opposite side, in the angle

between the psoas and quadratus lumborum muscles. Posteriorly, it rests upon the

lower part of the diaphragm above, and on the quadratus lumborum below.

Anteriorly (and somewhat laterally also, except when the bowel is distended)

are placed numerous coils of small intestine, which hide the colon completely from

view, and compress it against the posterior abdominal wall. To its medial side lies

the inferior part of the kidney above, the psoas major below.

In the great majority of bodies only the front and sides of the descending

colon are covered with peritoneum (Fig. 968) ; the posterior surface, being destitute

of a serous coat, is connected to the posterior wall of the abdomen by areolar

tissue. In a small proportion of cases, on the other hand, the serous coat is com-

plete, and the colon is furnished with a shctrt mesentery.

Up to the fourth or fifth month of foetal life the descending colon has a complete investment
of peritoneum and a long mesentery. After the fifth month the mesentery adheres to, and soon
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blends with, the parietal peritoneum on the posterior abdominal wall, and is completely lost as
a rule. The persistence of this mesentery, in a greater or less degree, explains the occasional
presence of a descending mesocolon in the adult.

Iliac Colon.—This corresponds to the portion of the "sigmoid flexure" which
lies in the iliac fossa, and it has no mesenterj. It is the direct continuation of
the descending colon, with which it agrees in every detail, except as regards its
relations. Beginning at the crest of the ilium, it passes downwards and somewhat
medially, lying in front of the iliacus muscle. A little way above the inguinal
Hgament it turns medially over the psoas major, and ends at the medial border of
this muscle by dipping into the pelvis and becoming the pelvic colon (Fig. 958). It
usually measures about 5 or 6 inches (12-5 to 15 cm.) in length, but it varies
considerably in this respect.

Fibro-cartilage between
4th and 6th lumbar vertebra?

V. iliaca communis
Pelvic mesocolon

A. iliaca communis Commencement of iliac colon

Sacculation

V. iliaca externa

iiibilicalis sinistra

Urinary bladder, superior surface
A. umbilicali.s dextra | A. uuibiliealis sinistra

Median umbilical ligament artery (uraclius)

Fig. 958.—The Ii.iac and Pelvic Colon in situ.

Relations.—Posteriorly, it lies upon, and, as a rule, is connected by areolar

tissue to, the front of the iUo-psoas muscle. It also crosses the left ureter, the

left internal spermatic vessels, and the femoral nerve. Anteriorly, it is usually

covered by coils of smaU intestine, which hide it from view; but when distended,

or when it occupies a lower position than usual, it comes into direct contact with

the anterior abdominal wall. As a rule (90 per cent, of bodies—Jonnesco), it is

covered with peritoneum only on its sides and anterior surface. Occasionally

(10 per cent, of cases) it is completely covered, has a short mesentery (1 inch, 2 to

3 cm.), and is slightly movable.

In its course it passes down over the iliac fossa near its middle, generally forming a curve

with its concavity directed medially and upwards, and having reached a point 1^ or 2 inches (4

to 5 cm.) above the inguinal ligament, it turns medially across the psoas major towards the pelvic

cavity. Occasionally the iliac colon occupies a lower position than this, and runs along the deep
surface of the inguinal ligament, immediately behind the anterior abdominal wall.

Pelvic Colon.—The pelvic colon is a large coil of intestine, which begins at the

medial border of the left psoas major muscle, where it is continuous with the iliac
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colon, and ends at the level of the third sacral verteljra \>y passin},' into the rectum.
Between those two points it has a well-developed mesentery, and forma a large and
variously shaped coil, wiiich usually lies in the cavity of the pelvis (O'A \hit cent.).

Whilst the loop of the pelvic colon is very irregular in form, the following may
be given as perhaps its most common arrangement, licginning at the medial margin
of the left psoas major, it first plunges over the }»rim into the pelvis minor, and
crosses that cavity from left to right; it next Ijends backwards and then returns
along the posterior wall of the pelvis towards the meilian ])lane, where it turns
down and passes into the rectum (Figs. 957 and 958).

Relations.— In its passage into the pelvis it crosses the external iliac vessels;
in running from left to right across the cavity, it rests on the bladder or uterus,

according to the sex ; whilst the coils of the small intestine lie above it.

It is completely covered by peritoneum, and is furnished with an extensive
mesentery—the pelvic mesocolon—which permits of considerable movement.

In ctises where the pelvic colon is unusually long (Fig. 957), in returning from the right
side of the i)elvis it crosses the median plane, going even as far as the left wall, and tlien turns
back a second time towards the middle of the sacrum, where it joins the rectum at the usual
level, thus making an S-shaped curve within the pelvis. On the other hand, wlien the
loop is short (a not infrequent occurrence), all its curves are al)ridged, and it fails to pa-ss

over to the right side, but runs more or less directly backwards after entering the pelvLs.

From what has been said it will be seen that the loop of the pelvic colon is subject to

numerous and considerable variations, which are dependent chiefly upon its length and that of

its mesentery, and also upon the state of emptiness or distension of itself and of the other pelvic
viscera. When the intestine is long the loop is more complex ; when short, more simple. When
the bladder and rectum are distended, or when the pelvic colon itself is much distended, it is

unable to find accommodation in the pelvis minor, and consequently it passes up into the
abdominal cavity, almost any part of the lower half of which it may occupy. But, as already
stated, in the great majority of cases (92 per cent., according to Jonnesco) it is found after

death lying entirely within the pelvic cavity.

In length, the pelvic colon generally measures about 16 or 17 inches (40 to

42-5 cm.), but it may be as short as 5 inches (12 cm.), or as long as 35 inches

(84 cm.).

The pelvic mesocolon, which corresponds to both the sigmoid mesocolon and the meso-
rectum, is a fan-shaped fold, short at each extremity, and long in its middle portion (Figs. 957
and 958). Its root is attached along an inverted V-shaped line, one limb of which runs up close

to the medial border of the left psoas major, as high as the bifurcation of the common iliac arterj-

(or often higher) ; here it bends at an acute angle, and the second limb descends over the sacral

promontory and along the front of the sacrum to the middle of its third piece, where the

mesentery ceases, and the pelvic colon passes into the rectum. When the pelvic colon ascends

into the abdominal cavity this mesentery is doubled up on itself, the side which was naturally

posterior becoming anterior.

Becessus Intersigmoideus.—When the pelvic colon with its me.-jentery is rai.sed upwai-ds,

a small oritice will usually be found beneath the mesentery, corresponding to the apex of

the V-shaped attachment of its root to the posterior aVjdominal wall. This orifice leads

into a fossa which is directed upwards, and A\dll often admit the last joint of the little

finger. It is known as the intersigmoid fossa, and is due to the imperfect blending of the

mesentery of the descending colon of the foetus with the parietal peritoneum. The ureter is

found lying behind the apex of this fossa. In the foetus this meseiiterv i3 well developed, and
extends from the region of the vertebral column out towards the descending colon. After

a time it begins to unite with the underlying parietal peritoneum ; but in the region of

the intersigmoid fo.s.«a the union is rarely perfect, hence the presence of the fossa.

In the child at birth only the terminal part of the pelvic colon lies in the pelvis. This

is chiefly owing to the small size of the pelvic cavity in the infant. Beginning at the end

of the iliac colon, the pelvic colon generally arches upwanls and to the right across the

abdomen towai-ds the right iliac fossa, where it forms one or two coils, and then passes dowii

over the right side of the pelvic brim into the pelvic cavity. In cases of imperforate anus, it is

important to remember, in connexion with the operation for forming an artificial anus, that,

whilst the iliac colon is found in the left iliac region, the pelvic colon ("sigmoid flexure ") usually

lies on the right side, and passes over the right portion of the brim to enter the pelvis.

Stnictiure of the Pelvic Colon.—Only the arrangement of the nuiscular coat need be referred

to. As the tfenioe of the descending colon are followed downi, it will lie found that the postero-

lateral band gradually passes on to the front, and unites with the anterior taenia to form a broad

band, which occupies' nearly the whole width of this bowel in its lower nortion. The postero-

medial taenia spreads out in a similar manner on the back ; so that in tnc inferior half of the

pelvic colon the longitudinal layer of the muscular coat is complete, with the exception of a

narrow part on each side ; there the circular fibres come to the surface, and the intestine presents
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a series of small sacculations. The :sacciilations disappear, and tlie longitudinal fibres, although,

thicker in front and behind, form a continuous layer all round, as the rectum proper is

approached.

INTESTINUM RECTUM.

Intestinum Rectum.—The rectum is the portion of the large bowel which
intervenes between the pelvic colon above and the anal canal—the slit-Uke

passage through which it communicates with the exterior (Eig. 961).

UnHke the portion of the bowel which immediately precedes it, the rectum has

but a partial covering of peritoneum, and is entirely destitute of a mesentery
;

sacculations, too, which are so characteristic of the large intestine, cannot properly

be said to be present.

The rectum begins at the termination of the pelvic mesocolon, namely, about the

Posterior .superior spine

Upper lateral inflexion

Peritoneum (pararectal

fossa)-

Superior lia-inorrhoidal

arter\

Sacro-tuberous ligament

Iscliio-rectal fossa.

Anal cana

Third sacral vertebra

Fourth sacral vertebra
(cut)

Lower border of
piriformis (cut)

Superior hsemorrhoidal
artery

Middle lateral inflexion

Coccygeus

Levator ani

External sphincter

• Fig. 959.—The Rectum from behind.

The .sacrum has been sawn across through the 4th sacral vertebra, and its inferior part removed with the coccyx.

The posterior portions of the coccygei, levatores ani, and of the external sphincter have been cut away.

The " pinching in " of the lower end of the rectum by the medial edges of the levatores ani, resulting in the

formation of the flattened anal canal, is suggested in the illustration, which has been made from a

formalin-hanlened male body, aged 30. The lateral inflexions of the rectum, corresponding to the

plicffi transversales recti, are also shown.

level of the third sacral vertebra, and ends, where the bowel pierces the pelvic floor,

opposite the inferior and posterior part of the prostate in the male, or at a point

1| inches (3-7 cm.) in front of, but at a more inferior level than, the tip of the

coccyx in both sexes. It first descends along the front of the sacrum and coccyx,

following the curve of these bones ; beyond the coccyx, it rests, for about 1^ inches

(3-7 cm.), on the posterior part of the pelvic floor, there formed by the union of the

two levatores ani ; and finally, having reached the inferior part of the prostate,

it bends rather abruptly ])ackwards and downwards, pierces the pelvic floor,

and passes into the anal canal (Fig. 959).



RECTUM. 1225

Its guueral direcLioii is downwards, but this varies at its two extremities, being
downwards and l)ackwards al)Ove, downwards and strongly forwards l)elow.

Curvatures.—The rectum is far from straight, notwithstanding its name,
for it is curved in both the anterp- posterior and tht^ transverse planes.
Viewed from the side, it forms a gentle curve, with the convexity posteriorly,
which extends from the beginning of the rectum to the back of the
prostate, and tits into the hollow of the sacrum and coccyx (flexura sacralis). At
the back of the prostate a second curve (flexura perinealis) is loriiied wht^re the rectum
joins the anal canal. The convexity of Llie perineal llcxure is directed forwards,

Ijateral tnnexiotiK

TIopRr roctal vrIvi

Ureter (cut)

Vesicula .seininali

Ductus deferen

Base of prostate Urethra

Fig. 960.

—

Distended Rectum ik ^ni\

From a forinalin-hardened male body, age h^. The peritoneum and extra-peritoneal tissue wt-re removed, after

the pelvis had been sawn along a plane passing through the superior part of the symphysis pubis iu front

and the lower part of the second sacral vertebra behind. Tlie bladder, which was empty and contracted,

has also been removed, but its form is shown by a dotted line. Tlie rectum was vcrj- much distended,

and almost completely occupied the pararectal fossw.

whilst its concavity embraces the ano-coccygeal body—the mass of muscular and

connective tissue which lies between the tip of the coccyx and the anal Cixnal.

When viewed from the front the rectum is seen to be regularly folded from side

to side in a zigzag fashion, the folding being slightly marked when the rectum is

empty, but becoming much more distinct with distension (Figs. 960 and 961). In

other words, when viewed from tliis aspect it pre.sents, in the majority of cases, tliree

more or less distinct lateral Hexures or inflexions. Of these the upper and lower

have their concavities directed to the left as a rule ; the third flexure, which is the

best marked, lies between the other two, but on the right side. Not infrequently,

however, two are found on the right and one on the left side. The flexures, which
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are marked on the exterior by a crease, appear in the interior as three

prominent crescentic shelves (Fig. 960), known as the plicae transversales recti

(O.T. Houston's valves), which help to support the fsecal contents when the rectum
is distended.

This folding is maintained by the arrangement of the longitudinal muscular fibres, the

majority of which are accumulated in the form of two wide bands, one on the front, the other on
the back of the bowel. These two bands, which are continuous with, and comparable in their

functions to, the tsenice of the colon, are shorter than the other coats of the rectum ; hence they
give rise, as in the case of the colon, to a folding or sacculation of the tube, which can be effective

only at the sides where the longitudinal fibres are fewest, for the front and back are occupied by
the thickened longitudinal bands (see p. 960).

In addition to supporting the faeces, these foldings greatly increase the capacity of the rectum
without unduly dilating the tube. When the rectum is empty (Fig. 961) its course is comparatively
straight, its lateral flexure being but slightly marked, and its whole calibre very much reduced.

In this condition it occupies only a small portion of the posterior division of the pelvic cavity

near the median plane, and at each side, between it and the side wall of the pelvis, is a large

fossa of the peritoneum (the pararectal fossa, p. 959), which, when the bowel is empty, contains

a mass of small intestine or pelvic colon (Figs. 959 and 961). "When the rectum is distended the

lateral flexures become much more marked, and the gut, projecting alternately to each side, passes

out beneath the peritoneum, obliterating the pararectal fossae (Fig. 960), and fills the greater part

of the posterior division of the pelvis—a condition which could not be brought about with a

straight rectum without an enormous increase in all the diameters of the tube.

According to Jonnesco, the rectum begins—that is, the pelvic mesocolon ceases—most frequently

opposite the fibro-cartilage between the third and fourth sacral vertebrae. It is our experience

that the mesocolon ends more frequently above than below the third sacral vertebra—often, indeed,

at the level of the second (Birmingham).
At its superior end the rectum, following the curve of the sacrum, slopes downwards and at the

same time slightly backwards ; its middle portion is practically vertical, but the terminal third

or more is directed downwards and forwards at an angle varying from 45° to 60° with the horizontal.

The pelvic floor, upon which this latter part rests, forms here a similar angle with the horizontal.

The bend which the bowel makes behind the inferior end of the prostate, where the rectum passes

into the anal canal, is, as pointed out above, abrupt, and usually approaches a right angle, so

that the anal canal itself slopes downwards and backwards at an angle of nearly 45° with the

horizontal.

Not uncommonly the abrupt curve, at the junction of the rectum with the anal canal, presents

in front a knuckle-like projection (well seen on median section), immediately above the canal. It

is most marked in females, and sometimes appears as if the bowel were doubled back upon itself

at this point. The floor of the pouch thus formed may dip down in front, even below the level

of the upper ajDerture of the anal canal. This condition is most common in multiparse, and is

evidently due to the relaxed condition of the pelvic structures, and the slight support afforded

by the perineal body to this part of the gut in these, and the great capacity and shallowness of

the pelvis in the female.

In length the rectum usually measures about 5 or 6 inches (12*5 to 15"0 cm.), but

it may be much longer.

Its diameter is smallest above, near the junction with the pelvic colon, and is

greatest below, near the anal canal, where there is a special enlargement known as

the ampulla recti (rectal ampulla). When empty the rectum measures little over

an inch (2"5 cm.) in diameter, but in a state of extreme distension it may be as

much as 3 inches (7"5 cm.) in width.

Peritoneal Relations of the Rectum (Figs. 959, 961).—As a rule the superior

two-thirds of the rectum has a partial covering of peritoneum—anteriorly and at the

sides at first, lower down anteriorly only—whilst the lowest third has no peritoneal

investment whatsoever. When the mesocolon ceases at the end of the pelvic colon,

its two layers separate and leave the posterior aspect of the rectum destitute of

peritoneum. Very soon the membrane quits its sides also, and is then found on

the front only ; so that the greater part of the rectum lies behind or beneath the

pelvic peritoneum, as it were, and is capable of expanding and contracting without

being in any way hampered hy its partial peritoneal coat.

From the front of the rectum the peritoneum is carried forwards to the base of

the bladder in the male, forming the floor of the excavatio recto-vesicalis (recto-

vesical or recto-genital pouch, Fig. 961). In the female it passes to the superior part

of the i>osterior wall of the vagina, forming the floor of the excavatio recto-uterina

[cavum Douglasi] (O.T. pouch of Douglas, Fig. 961). At each side, in both sexes,

it passes from the front of the rectum on to the posterior wall of the pelvis, forming
the bottom of a large fossa, seen at the sides of the rectum when that bowel
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is empty, and known an the pararectal fossa. Ah the rectum becomes distended

this fossa is encroaclied u])on l)y the enhir<^in<,' howi.'l, and soon is obliterated.

The level at which thu relluctiou of the peritoneum takes place from the front of

the rectum is of considerable practical importance in connexion with operations in

this re<,'ion. As a general rule that reflection, that is, the bottom of the recto-vesical

pouch, is placeil at a distance of I inch (2-5 cm.) above the base of the prostate, or

about 3 inches above tlie anus, but the level is sulyect to considerable variation,

beinj,' as a rule relatively much iiigher in well-developed muscular or fatty suVjjects,

whilst in emaciated bodies, owing to the thinness of the structures forming the

pelvic floor, it is usually lower.

The bottom of tlitv recto-vesical poudi may leacli down in an extreme case to within an inch

(2-5 cm.) of the anus, wliilst it is not at all rare to find it within 2 inclies (5-0 cm.) of that orifice
;

on the other liand, it may be considerably higher than normal, sometimes being placed at a dia-
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Fig. 961.

—

The Peritoneum of the Pelvic Cavity.

The pelvis of a thin male subject, aged 60, was sawn across obliquely. Owing to the absence of fat the various

pelvic organs are visible through the peritoneum, though not quite so distinctly as presented here.

Tlie urinary bladder and rectum are both empty and contracted ; the paravesical and pararectal foss*, as

a result, are very well marked.

tance'of 4 or 4i inches (10"0 to ir2 cm.) from the anus. It should also be added that the level is

generally believed to be somewhat raised by distension of the rectum and bladder, and lowered

when they are empty.
In the child at birth, the peritoneum extends down to the base of the prostate (Symington),

and is thus lower in relation to the bladder ; but this may be partly accounted for by the high
position of this organ in the child.

As a rule it will be found that 2 inches (5-0 cm.) of the front of the rectum, exclusive of the anal

canal, are entirely free from peritoneum, and it is this and the adjacent portion of the bowel which,

being free from the restraining influence of the peritoneum, is most distensible, and forms

the rectal ampulla. Including the anal canal, 3i inches (87 cm.) of the rectum, measured along

the front of the tube, have no serous covering. On the other hand, the back is free from peri-

toneum for 5 or 6 inches (125 to 150 cm.)—or sometimes much more—above the anus.

It is also of interest to notice that the connexion of the peritoneum to the rectum varies in

its character at different parts :—Above and in front it is closely adherent, and can be removed
only with the greatest difficulty ; at the sides and inferiorly the connexion is much looser. As a

result, the peritoneum can be stripped off the rectum in its inferior third or half without much
difficulty, whilst in its superior portion this is not the case—an arrangement which admits of the

free expansion of the rectal ampulla.
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General Relations of the Rectum (Figs. 959 and 960).

—

Posteriorly , the rectum
rests on the front of the sacrum and coccyx, and below them upon the posterior part

of the pelvic floor—formed by the meeting of the two levatores ani in the ano-

coccygeal raphe. When much distended it also comes into relation, on each side,

with the lower part of the piriformis and the sacral plexus, but is separated from
them by a very considerable amount of connective tissue, arranged (apparently in

several layers) around the tube. In this tissue the two chief branches of the

superior hemorrhoidal vessels lie behind the superior part of the bowel, but lower

down they are placed in relation to its sides.

At its sides above are the pararectal fossse and their contents (pelvic colon, or

ileum) ; below the pararectal fossse the rectum is in contact with the coccygei and
levatores ani muscles, which run backwards to the coccyx on each side of the

bowel. The branches of the superior hsemorrhoidal vessels are also found running
down on its muscular coat, as far as the middle of the rectum, where they pierce

the wall of the bowel.

Anteriorly, in the male the rectum is separated from the bladder, to within an
inch of the prostate, by the recto-vesical pouch of peritoneum, which usually

contains some coils of small intestine. Below the reflection of the peritoneum the

front of the bowel is in contact with the posterior aspect of the bladder, the deferent

ducts, vesiculse seminales, and the posterior aspect of the prostate gland (Fig.

960), from all of which it is separated by the recto-vesical layer of the pelvic fascia.

The lower portions of the rectum and bladder in the male are separated by the

recto-vesical fascia only, over a narrow triangular area which measures about an
inch (2-5 cm.) in vertical height. The base of the triangle corresponds to the

reflection of the peritoneum from one organ to the other, and the apex to the

union of the sides formed by the deferent ducts, which lie very close to one

another except above, near the base of the triangle, where they diverge rather

abruptly (Fig. 960). Through the triangle the operation 'Of tapping the bladder

from the rectum used to be performed.

The vesiculse seminales, unless when of a small size, slope laterally and posteriorly

round the front and sides of the distended rectum (Fig. 960), which they thus embrace,

as it were, within their grasp.

The ureters, as they run medially towards the base of the bladder, lie close in front of

the deferent ducts, and are not far separated from the distended rectum (see Fig. 960).

In the female the rectum is separated from the posterior surface of the uterus

and the upper end of the vagina by the recto-uterine pouch and the intestine

which it usually contains. Below the peritoneal reflection it is in direct contact

with the posterior vaginal wall, to which it is connected loosely above, but more
closely below.

The portion of the rectum below the level of the peritoneal reflection is surrounded

by the rectal fascia, a layer of connective tissue which is derived from the visceral

layer of the pelvic fascia.

In the cMld the rectum, or at least its superior part, is relatively larger, and it pursues

a much straighter course than in the adult. As pointed out above, its peritoneal covering

likewise descends lower at birth, and roaches as far as the base of the prostate.

PAKS ANALIS EECTI—ANAL CANAL.

Pars Analis Recti.—In order to reach the exterior, it is necessary for the

lower end of the bowel to pierce the floor of the pelvis. This it does by passing

through the narrow interval left between the medial borders of the levatores ani

muscles (Fig. 963). As it passes between them, the two muscles pinch in the

tube, and by the apposition of its side walls obliterate its cavity, reducing it to

a mere slit-like passage. This passage, through which the rectum communicates
with the exterior, is the " anal canal " (Symington).

The term pars analis recti refers, strictly, to the lower half only of this canal

which is lined by squamous epithelium, and shows the columnee rectales.
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Formerly this terniiiial portion of tliu tube w.im descriljed as the " third part of the rectum,"

and, like the rest of that bowel, it was 8Ui)posed to form a reservoir for tiie retention of the

fieces. It is probable that only wluai the rectum is distended is ihe superior part of the anal

canal occupietl by tlie wedge-shaped lower end of the contained fiecal mass.

The aual canal begins where the rectum proper termiuates, namely, at the

level of the levatores ani muscles, opposite tiie inferior part of the prostate.

When the distended rectum is cut across near its inferior end, in a hardened hody.

and the cavity examined from the interior, a distinct projection, formed hy the

medial Ijorder of the levator ani (O.T. puhorectalis, or sphincter recti portion), is seen

on each side, indicating the sui)erior limit of the canal. It is said that these ridges

can also he felt during life hy the linger introduced into the rectum. J'elow, the

anal canal ends at the anus, or anal orilice, hy opening on the exterior.

Its leyigth is usually from 1 to li inches (2-5 to 3-7 cm.), being greater when

the bowel is empty, and less when it is distended. Its antero-posterior diameter

when closed varies between h and f inch (12 to 19 mm.).

The direction of the anal canal, as already pointed out, is downwards and

posteriorly, often forming an angle of nearly 45" with the horizontal, although

it is usually somewhat nearer to the vertical.

Relations.— It is surrounded by both the external and internal spliincters,

and above also by the borders of the levatores ani, these muscles forming a

muscular cylinder around it (Fig. 963). On each side is situated the ischio-

rectal fossa with its contained fat, which allows of the distension of the canal

during the passage of fteces. Posteriorly is placed a mass of mixed connective and

muscular tissue, known as the ano-coccygeal body (Symington), which intervenes

between it and the coccyx. Finally, anteriorly, it lies close behind the bulb of the

urethra and the base of the urogenital diaphragm in the male, and a sound in the

urethra can be easily felt by the finger introduced into the anal canal, particularly

in thin bodies. In the female it is separated from the vagina by the wedge-shaped

mass of fatty and muscular tissue known as the " perineal body."

Structure of the Rectum and Anal Canal.—The wall of the rectum is made up

of four coats, viz. :— 1. The outer coat, formed in part by peritoneum (already described),

and, where the peritoneum is absent, of connective tissue which can be dissected oft' in

several layers. In this connective tissue the hsemorrhoidal vessels run until they pierce

the wall of tlie tube. In it also, at the back and sides of the rectum, are found embedded

a number of rectal lymph glands.

2. The tunica muscularis, which is much thicker than in any other portion of the intes-

tine, is composed of two stout layers of nnstriped muscle—an outer longitudinal and an

inner circular— like that of the intestine generally. The longitudinal fibres, although

present all round, are accumulated chiefly on the front and back of the tube (see p. 1212),

where they form two broad bands ; at the sides they are reduced to a tliin layer, the

deepest fibres of which are folded in and take part in the formation of the rectal valves.

Where the rectum pierces the floor of the pelvis, the outer layer of longitudinal fibres is united

to the deeper portion of the levator ani, partly by tendinous fibres and ])artly by an inter-

change of muscular fibres, between the levatores and the nuiscular coat of the rectum. Below,

the longitudinal fibres pass between the external and internal sphincter muscles, or tlirough

the latter to join the skin around tlie anus.

In sagittal sections of the pelvis near the median plane there can generally be seen a distinct

band of red, longitudinally arranged, muscular fil)res, which descends on each side from the front

of the coccyx to blend with the longitudinal fibres on the back of the rectum. This band is the

rectococcygeus muscle. It is composed of striped fibres above, but becomes nnstriped below.

Some nnstriped muscular fibres which are found descending in the subcutaneous tissue of the

lower jiart of tlie anal canal, to join the skin around the anus, have been descriljed by Ellis as the

corrugator cutis ani. According to Roux, they are some of the longitudinal fibres of the rectum

which have passed through the internal sphincter to the submucous tissue, and then descended

to the skin. The front of the rectum at the perineal flexure is, in the male, connected to the

back of the membranous urethra by a band of muscle, termed the recto-tirethralis.

The circular fibres form, along the whole length of the tube, a continuous layer, which

is doubled inwards to assist in the formation of each rectal valve, and is thickened

below to form the internal sphincter of the anus. The sphincter ani intemus, as just

pointed out, is formed by a great, and rather sudden, increase of the circular muscular

fibres, which beoins at the superior end of the anal canal. It surrounds the canal for

about an inch (2-5 to 3 cm.), and terminates at its junction with the skin.
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3. The tela submucosa is composed of loose areolar tissue, which allows of a free

movement of the mucous layer on the muscular coat, and which also admits, under

certain abnormal conditions, of a prolapse of the mucous membrane through the anal

orilice. The hremorrhoidal plexus of veins is contained in this layer.

4. The tunica mucosa must be considered separately in the rectum and pars analis recti.

That of the rectum is redder in colour than the mucous membrane of the colon, as a result

of its greater vascularity. It is also thicker, and owing to the looseness of the underlying

submucosa, is thrown into numerous irregular rugse when the rectum is empty ; these

disappear when the bowel is distended, and there then become evident three (sometimes

more, sometimes less) crescentic folds, which are much less noticeable in the empty state,

and which have been already referred to as the plicae transversales recti. Lymph nodules

and intestinal glands are present ; but these latter are not so numerous as in the colon,

although their calibre is greater.

The mucous membrane of the pars analis recti presents a number of vertical ridges

known as the columnoe rectales (Morgagnii) ; between the lower ends of these are

found a series of small semilunar folds which connect the lower ends of these columns

together and are called the anal valves (Fig. 962). Above the level of the anal valves

the canal is lined by a modified mucous membrane resembling that of the rectum ; the

portion below the valves {i.e. the lower 12 to 16 mm. of the canal) is covered by modified

skin, continuous with that around the anus.

The term annuhis hoimor^rhoidalis is applied to the segment enclosed by the sphincter

externus muscle. It extends from the region of the rectal sinuses to the anal orifice,

and in its wall is found the large venous plexus, termed the plexus hcemorrhoidalis.

The mucous membrane of the rectum presents a characteristic punctated appearance, which

is due to the presence of a considerable number of rounded depressions, such as might be made
by firmly pressing a finely pointed pencil against the membrane. These rectal fits are tubular

in form, and have an accumulation of lymph tissue at the bottom of each, the whole appear-

ance being such as might be produced if a small solitary nodule were drawn down from the

surface into the intestinal wall.

Plicae Transversales Recti (O.T. Rectal Valves, or Valves of Houston).—These

are crescentic shelf-like folds which project into the cavity of the rectum from its

sides (Fig. 960). They are composed of an infolding of the mucous, submucous,

and greater part of the circular muscular coats, and their form is preserved by the

relative shortness of the anterior and posterior bands of longitudinal muscular

fibres. They are produced, as pointed out above, by the projection, into the

interior of the bowel, of the creases on the exterior which result from the lateral

inflections of the rectum. In the majority of cases three are present (there may
be four, five, or, it is said, even more), but often the lowest of the three is small

or absent ; or all the valves may be ill-developed and indistinct. When median

sections of the empty rectum are examined, the valves are not easily seen, as they

then project but slightly, and are almost completely hidden amongst the numerous

rugte of the mucous coat. They are most evident in a distended rectum whicli

has been hardened in situ ; they can also be seen during life, per anum, with the

aid of a rectal speculum.

As a rule two valves are found on the left and one on the right side ; this latter is

generally the largest, and is situated a little above the level of the peritoneal reflection,

viz., 3 or 3^ inches (7'5 to 8'7 cm.) above the anus; the other two valves are found about

1 to 1| inches (2-5 to 3"7 cm.) higher up and lower down respectively. The valves are

distinctly marked in the foetus, and seem to constitute an essential part of the human
rectum, their use being to support the contents of the rectum, which they break up into

segments, each supported by a valve. They are said to interfere sometimes with the

introduction of an enema tube.

Columnse Rectales [Morgagnii].—The mucous membrane of the pars analis

re<;ti, or lower portion of the anal canal, presents a number (5 to 10) oi permanent

vertical folds, separated by grooves, and known as the columnae rectales (O.T. columns

of Morgagni) (Fig. 962). They are usually J to i inch (8 to 12 mm.) in length, | to

I inch (2, to 6 mm.) in width, and they extend down to within | or f inch

(12 to 20 mm.) of the anal aperture. Tliey are formed by infoldings of the mucous
membrane, containing in their interior some bundles of longitudinal muscle and
also, as a rule, an artery and a vein.
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Very often the contained vein presents an enlargement, or a knob-like tortuous plexus
in the lower part of the coliuun ; below this the plexus is continued down external to the
mucous menibrune of the

lower zone of the anal canal

into the anal veins. This

portion has accordingly

been described as the

Inemorrhoidal zone of the

anal canal. Sometimes the

coliunns are very indistinct

;

occasionally no trace of them
can be found, although in

the fojtus they are usually

well marked.

LuiiKitudiiiiil

fibres of

rectum

Anal Valves.— If a

probe is passed down-
wards along the groove

which separates two ad-

jacent coluninie rectales

(Fig. 962), its point will

usually catch in a small

Anal valves

Fig. 962.

—

The Interior of the Anal Canal and Lower Part
OF Rectum,

Cresceutic fold which joins showing the columnaj rectales, and tlie anal valves between their lower

the lower ends of the two ends. The columns were more numerous in this specimen tlian

columns. These little folds,

which resemble in miniature the segments of the semilunar valves of the heart,

are the anal valves. They project inwards and upwards, and behind each is found
a Httle pocket-like sinus (sinus rectalis).

Processus yermiformis Superior hivmorrhoidal vessels

^-^Boot of pelvic mesocolon

--fcower end of pelvic colon

Internal spermatic vessels

flenito-femoral nerve

External iliac vessels

Obturator nerve

Umbilical artery

Obturator vessels

Ureter

Pelvic plexus of nervesUmbilical artery

—— Rectum

Obt. vessels and nerve

Ureter

Pelvic plexus of nerves and
luemorrhoidal veins .„

---Levator an

i

—^Anal canal

—Jlxternal sphincter

Fig. 963.

—

Dissection of the Rectum from thk Front in a Specimen hardened by Formalin
in.iection.

The front wall of the pelvis has been removed, and the bladder, prostate, and seminal vesicles taken away.

These valves were first described by Morgagni. Recently the view has been advanced by
Ball that they are the remains of the embryonic cloacal or anal membrane ; and he explains the

production of " painful fissure of the anus " by the tearing down of one of them during defaecation

by hardened masses of faeces.

The epidermis is continued in a thin and modified form from the exterior up along the anal

canal as far as the superior end of the columnae rectales ; and the view is pretty generally held that
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only this lower portion of the anal passage is formed from the proctodaeum in the embryo. The
jnnction of the skin with the mucous membrane is indicated by a fine wavy line (" white line

"

of Hilton—ano-cutaneous line of Hermann) which runs around the bowel at the level in-

dicated. The mucous membrane of the region immediately above the anal valves is of a more
or less transitional nature

;
glands are absent from it, and over the columnse rectales it is

covered with stratified epithelium, the superficial cells of which are flattened, whilst in the

grooves between the columns the epithelium is columnar. In the upper zone of the anal canal

the mucous membrane gradually approaches to the rectal type, but the intestinal glands and
lymph nodules are few and scattered.

Anus or Anal Orifice.—At the inferior aperture of the anal canal, the modified

skin of its lower zone passes into the ordinary skin. A little way outside the

orifice, hairs, sebaceous glands, and large modified sweat-glands appear, the last

being termed glandulse circumanales.

Action of the Sphincters.—In connexion with the anal canal are found three muscles

—

namely, the paired levatores ani, the external sphincter, and the internal sphincter—the action

of which may be briefly referred to here.

Levator Ani.—The fibres of the levator which arise from the pubis (pubo-coccygeus or

sphincter recti portion) pass backwards on each side of the beginning of the anal canal, and, in

great part, meet behind the passage. These two muscular bands—which are but a little distance

apart at their origin, and are actually united behind the bowel—are closely approximated
during the contraction of the muscles, like the limbs of a clamp, and, pressing on the sides of the
anal canal, they assist in closing the upper part of that passage, whilst at the same time drawing
it slightly towards the pubes. There is little doubt that the levator ani in this way acts as one
of the chief sphincters of the bowel ; and it should be noticed that it is placed where its action

would be most effective, namely, opposite the point at which the rectum is narrowed or "pinched
in " to form the anal canal. In addition to its sphincter action the muscle supports the expanded
bowel immediately above the anal canal, and in this way sustains the weight of the faeces when
the rectum is distended. It is probably relaxed during defeecation, except perhaps at the com-
pletion of the act. The muscle is under the control of the will.

The m. sphincter ani externus forms a muscular cylinder around the inferior two-thirds of the
anal canal, with (except in the case of some of its inner fibres) an anterior and a posterior attach-

ment. When the muscle contracts, its fibres are tightly stretched between its two attachments,

and the space between them is reduced to a narrow antero-posterior slit. By this action the anal

canal is flattened from side to side and closed, so that, whilst the levator ani is the sphincter of

the upper aperture of the anal canal, the external sphincter closes its inferior and greater jDart.

It is under the control of the will, but under ordinary circumstances it is in a state of tonic

contraction.

The m. sphincter ani internus is merely a thickening of the circular muscular coat at the inferior

end of the bowel It is continuous with the circular fibres of the gut, not only in structure, but
probably also in action, its chief use being to empty the anal canal completely, after the passage

of each faecal mass. Owing to the fact that the canal is an antero-posterior slit, not a circular

orifice, and that the internal sphincter forms a muscular ring around it, acting alone, it is scarcely

competent to keep the sides of the canal in aj^position, and probably it acts rather as a detrusor

than a true sj^hincter of the anal passage.

Vessels.—The rectum and anal canal receive their blood supply from three chief sources,

namely, tlie three hajmorrhoidal arteries ; to these another less important, though constant,

source may be added—the middle sacral artery.

1. The superior hsemorrlioidal artery, the principal artery of> the rectum, is the prolongation

of the inferior mesenteric. At first it descends in the root of the pelvic- mesocolon until

the rectum is reached. Here it divides into two chief branches which run downwards and
forwards around the sides of the rectum^the right, usually the larger, lying more posteriorly,

the left more anteriorly, and tlie two, as it were, embracing the bowel between them. From
these two arteries come off secondary branches (about five to eight in all), which pierce the

muscular coat about the middle of the rectum, and then descend in the submucosa as a series

of longitudinally running " terminal branches " as far as the anal valves, above the level of

which one is usually found beneath eacli of the rectal columns. These terminal branches give

off numerous twigs in their course, which form a haemorrhoidal plexus in the submucosa by
anastomosing with one another, and also with branches of the middle, and, in the inferior part of •

the bowel, of the inferior ha;morrhoidal artery.

2. The middle haemorrhoidal arteries, two in number—one on each side—are usually branches

of the hypogastric or of the internal pudendal ; they run on the wall of the inferior i^art of the

rectum, and each breaks up into four or five small branches, some of which supply the muscular
wall of the inferior part of the rectum, whilst the others pierce the muscular coat near the

superior end of the anal canal, and join in the submucosa with the plexus formed by the

superior haemorrhoidal artery already described.

3. The inferipr haemorrhoidal arteries, generally two or three in number on each side, arise

at variable levels from tlie internal pudendal. They are distributed to the levatores ani

and the sphincters. Otlier branches pierce the spliincters and break up in the submucosa into a

close network which supplies the inferior part of the anal canal, and communicates above with
the plexus formed by the superior and middle haemorrhoidal arteries. The inferior haemor-
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ihoidal artery is distributed chii-flyon the posterior, and tlie iiiiddN; iijiinonlioidal cliitdy on tlie

.interior nspect of the lower ])art of the bowel.

4. One or more Hinall liranclits of the middle sacral artery reach the posterior surface of the
rrctiiin, where the}' are (li.striluited cliielj^-, if not solely, to the muscular coat.

Anastomosis of the Haemorrhoidal Arteries. Tiie sujierior and middle luemorrhoidal arteries

ana.stomo.st! freely in the h;eniorrlioid.il ple.vu.s of the subnnicosa, and also liy a few larf^e branches
on the exterior of the bowel : some perforating branches of the middle sacral and inferior

hfcniorrhoidal arteries also join the plexu.s in the submucous layer at the lower j)artof tiie rectum.
In addition, small branches of these several arteries unite with one another in the muscular coat.

It should be remarked that the superior hiemorrhoidal artery supplies both the mu.scular and
mucous coats in the superior ])art of the rectum, but the muscular coats in the inferior j)art are

supplied l)y the middle and inferior h;emorrhoidal ves.sels only.

Veins of the Rectum and Anus. - These form two chief plexiuses of large vessels devoid of

valves, naiuely, the internal h;eniorrhoidal plexus situated in the submucous coat, and the

external hiemorrlioidal plexus in the outer coat. The internal haemorrhoidal plexus takes origin

near the margin of the anus in a number of small (analj veins, which are radially disposed

beneath the skin of the anu.s, and communicate below with the rootlets of the inferior ha;mor-
rlioidal vein over the i;xternal sphincter. These anal veins, traced upwards, join together, and
are joined by others from the surrounding parts to form larger and often tortuous vessels, which
ascend in the columna; rectales, where they fre(piently jtresent ampullary enlargeiuents, varying
in si/.e uj) to that of a small i)ea, which are said to be the starting-points (jf h;emorrlioids.

Passing upwards, the veins are known as the " terminal veins" ; they communicate freely with
one another, forming the plexus, and unite into still larger ves.sels, which pierce the mu.scular

coat about the middle of the rectum, and join to form the superior hiumorrhoidal vein.

From the inferior ])art of the internal luemorrhoidal plexus numerous ve.s.sels ]»as3 through
the external s{)liincter to join a venous network on the outer surface of that muscle, from
which the inferior haemorrhoidal veins arise. This network, as pointed out above, also com-
municates with the internal luemorrhoidal plexus, through the anal veins which descend from
the latter beneath the skin of the anal canal, to the exterior of the sjjhincter.

The various veins which pass out through the walls of the rectum unite freely on its

exterior to form a rich venous plexus (external haemorrhoidal plexus), through which the three

h;Bmorrhoidal vessels are brought into free communication with one another. Passing off from
this plexus, the superior haemorrhoidal joins the left colic vein and forms with it the inferior

mesenteric vein, which oi)ens into the sj)lenic ; the middle luemorrhoidal joins the hypogastric,

from which the blood ])asses through the common iliac to the vena cava inferior; anrl the

inferior hiemorrlioidal joins the internal pudendal, a tributary of the hypogastric vein. Thus,
on the rectum, a free anastomosis is established between the veins of the portal and systemic
circulations.

Lymph Vessels.—Most of the lymph vessels of the rectum pass to the lymphoglandulai
sacrales, of which some lie close to the muscular coat on the side of the rectum along the

superior luemorrhoidal vessels, while others, four or five in number, and of a larger size, lie in

front of the promontory of the s icrum, between the layers of the pelvic mesocolon. The glands
of opposite sides are conm^cted with one another by the middle sacral jilexus and with the

hypogastric and mesocolic lymph glands. The efl'erent vessels from these pass to the lumbar
glands. Some of those from the lower part of the anal canal join the cutaneous lymph vessels

round the anus, and pass with them to the inguinal and sulnnguinal glands. A few of the

lymph vessels from the lower i)ortion of the rectum are said (l)y Quenu) to join the hypogastric
glands.

Nerves.—The nerves of the rectum come partly from the symjiathetic and partly from the
cerebro-spinal system. The syiupathetic fibres are derived from the inferior mesentei'ic plexus,

through the superior hnemorrhoidal nerve and the corresponding plexus, and from the up])er

and lower divisions of the hypogastric plexus, the former accompanying the superior luemor-
rhoidal, the latter the middle haimorrhoidal vessels, to the rectum. The cerebro-spinal fibres

ari.se from the .second, third, and fourth sacral nerves soon after these leave the sacral foramina
(and constitute the " ])elvic splanchnics " of Gaskell). They run forward in the ])clvic con-

nective tissue, and joining the pelvic plexuses, reach the side of the rectum. Fibres of the

inferior luemorrhoidal branches of the pudendal nerve (third and fourth sacral) are also distributed

to the lower part of the anal canal as well as to the external sphincter.

It has been shown by experiments on animals, that the cerebro-spinal nerves (from the

second, third, and fourth .sacral) convey motor impulses to the longitudinal fibre.s, but inhil)itory

impulses to the circular muscular fibres. In like manner the branches from the sympathetic
convey motor fibres (derived from .some of the lumbar rami communicantes) to the circular

muscle, and inhibitory fibres to the longitudinal muscle of the rectum.

The reflex centre which governs the action of the sphinctei-s and the muscular fibres of the

rectum (" defoecation centre ") is situated in the lumbar region of the spinal medulla, and appeare

to be ca])able of carrying out the whole act of defalcation even when separated from the brain.

Variations-—The best known anomalies found in connexion with the rectum are those

classed under the term imperforate anus or atresia ani. The atresia may be simply due to a

Sartial or complete persistence of the anal niemlnane (.see p. 42), which separates the procto-

geiim from the hind-gut in the embryo (atresia ani simplex) ; or the hind-gut may be deficient

in its lower part, when there is a considerable interval between the proctodieum and the gut
(defectus recti partialis, vel totalis) ; or the rectum may open into the vagina, the uterus, the

79
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bladder, or the ureters, when usually no anus is evident ; or finally the cloaca may persist.

Other forms are also described, but the foregoing are those most commonly found.

For the development of the rectum and anus, see pp. 39 and 42.

PEEITON^UM.

An introductory sketch of the peritoneum was given on p. 1160 ; subsequently,

when describing the abdominal viscera, an account of its detailed relations to

each of them was included. We shall here consider the membrane and its folds as

parts of one continuous whole ; and we shall also describe its arrangement as seen

on horizontal and vertical sections of the abdomen.
As already explained, the peritoneum is the serous membrane which, on the

one hand, lines the abdominal cavity, and on the other forms a more or less

complete covering for the contained viscera. The portion which lines the walls

of the cavity is known as the parietal peritoneum ; that which clothes the viscera

is called the visceral peritoneum. The membrane is connected to both walls and
viscera by a layer of areolar tissue—tela subserosa, the extra or subperitoneal con-

nective tissue—which is considerable in amount in certain regions, whilst it is

reduced to a mere trace in others, particularly on the viscera. (The subperitoneal

tissue is described at p. 475.)

The peritoneal cavity is described as consisting of two portions—the general

peritoneal or great sac and the bursa omeijtalis. The great sac is opened when the

anterior abdominal wall is removed or incised, and the peritoneum which encloses

it lines the greater portion of the wall of the abdominal cavity, and invests most
of the abdominal viscera ; the omental bursa lies chiefly on the posterior aspect of

the stomach, and is much smaller. It must be clearly understood that these two
sacs are not two separate cavities, but simply subdivisions of one great cavity ; for

the omental bursa is merely a recess of the greater sac, from which it has become
partly shut off largely by changes that take place in the position of the adjacent

viscera during their development. If the general peritoneal cavity is compared to

a bag, the bursa omentalis might be represented as a pocket lying behind, and
opening into it by a narrow orifice—the foramen epiploicum [Winslowi].

Speaking generally, the great sac lines the walls of the abdominal cavity, and it also

covers the various organs which receive a peritoneal investment, except the back of the

stomach, the caudate lobe of the liver, the left supra-renal gland, the upper surface of

the pancreas, and also parts of the spleen, left kidney, and transvei'se colon ; all of these,

as well as the parietes behind the caudate lobe, are clothed by the bursa omentalis.

The general peritoneal sac is placed between the parietes anteriorly and
the abdominal viscera posteriorly. It is composed of two layers : an anterior, which
lines the anterior abdominal wall ; and a posterior, which mainly covers the viscera

;

but this posterior layer is carried forwards by the viscera, so that the two layers

come in contact, and the cavity of the sac is practically obliterated.

The anterior layer of the peritoneum covers the anterior abdominal wall com-
Y'letely, from the diaphragm above to the pelvis below. Over the greater part of

its extent the connexion of the serous membrane to the wall is by a small amount
of fatty extra-peritoneal connective tissue ; but below, near the pubic region, the

fat is more abundant, and the connexion between the two becomes much looser.

This is to allow of the movement of the peritoneum which takes place there during
distension of the bladder. As the bladder enlarges it passes up in the extra-

peritoneal tissue of the lower part of the anterior abdominal wall, off which it

raises the peritoneum, so that, in the fully distended condition, the anterior

surface of the bladder is in contact with this wall, without the interposition of peri-

toneum, for a distance of two inches (5*0 cm., or occasionally more) above the pubes
(Fig. 964).

Running up in the fatty subserous tissue are found five cord-like structures,

one placed in the median ])lane, and two at each side. These are (a) the lig. umbili-

cale medium (O.T. urachus)—the remains of the allantois of the foetus—which in

the adult is a slender fibrous band connected to the umbilicus above, and to the
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- Liver

Omental burxa

Epiploic forameD

- Tancreas

Diicleiium,
transverse i«rt

Transverse colon

apex of the bladder below, where it usually becomes much stouter. Lateral to
the urachus, and some distance from it (Fig. 965), will be found, in the same
fatty tissue, (b) two stouter fibrous cords, the obliterated umbilical arteries (O.T. ob-
literated hypogastric arteries),

forming the plica umbilicalis

lateralis dextra and sinistra.

Traced upwards, these also

become more slender, and
approach the urachus, along
with which they are connected
to the umbilicus. Below, Lesser omentum

they grow thicker, and can be
followed backwards along the

side wall of the pelvis to the

hypogastric arteries, which
they join, (c) More laterally

still, the inferior epigastric

arteries are seen running up-
wards and medially from the

external iliac trunk on each
side.

When the anterior ab-

dominal wall is examined
from behind, it will be seen

that these five structures,

which lie on the front of the

peritoneum, carry that mem-
brane inwards towards the

abdominal cavity in the form
of five more or less distinct

ridges, known as the plica

umbilicalis media, plicae imi-

bilicales laterales, and plicae

epigastricae, respectively. In
relation to these are found
on each side three peritoneal

fossie, known as the foveae in-

guinales (O.T. inguinal pouches

or fossae).

Mesentery of
small int«atine

- Small intestine

- Recttun

Urinary bladder

Fig, 964.

—

Diagrammatic Median Section of Female Body, to

show the peritoneum on vertical tracing. The great sac of the

peritoneum is blue and is represented as being much larger

than in nature ; the bursa omentalis is coloured reil ; the

peritoneum in section is shown as a white line : and a white

arrow is passed through the epiploic foramen from the great sac

into the bursa omentalis.

Tlie fovea ingruinalis lateralis lies lateral to the inferior epigastric artery, and corresponds to

the position of the abdominal inguinal ring. At its bottom is often found a dimple-like depres-

sion of the peritoneum, indicating the point from which .the processus vaginalis passed down,

in connexion with the descent of the testis. The fovea inguinalis medialis is situated between

the inferior epigastric and the obliterated umbilical arteries ; whilst the fovea supravesicalis lies

to the medial side of the obliterated umbilical artery, namely, between it and the uracluis.

Between the inferior epigastric artery laterally, the margin of the rectus abdominis muscle

medially, and the inguinal ligament below, there is a small triangular region, called Hesselbach's

triangle. The obliterated umbilical artery, in passing upwards, crosses this triangle, dividing it

into a lateral and a medial part. The middle inguinal fossa corresponds to the lateral division

of the triangle, and the medial fossa to its medial division.

Still another fossa of the peritoneum is seen in this region, just beneath the medial part of the

inguinal ligament, corresponding to the position of the femoral ring, and consequently known as

the fovea femoralis. It may be added that the ductus deferens crosses the lateral part of the fovea

feraoralis, and the obliterated umbilical artery its medial part. The significance of those fossae

is referred to in connexion with the applied anatomy of the inguinal and femoral regions.

Near the median plane, above the umbiUcus, the peritoneum is carried back from

the anterior abdominal wall and diaphragm to the parietal surface of the liver in

the form of a crescentic fold, the falciform ligament of the liver (described with the

liver), which connects the liver to the abdominal wall. This fold lies somewhat to

the right of the median plane, and extends almost as low down as the umbilicus.

79 a
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It consists of two layers of peritoneum, between which, in the lower border of the

fold, runs the round ligament of the liver—the remains of the left umbihcal vein

of the fcetus.

Posterior Wall of the General Peritoneal Cavity.—The peritoneum clothing the

anterior abdominal wall is .continued on to the inferior surface of the diaphragm.

Thence it is reflected on to the superior surface of the liver, and there the anterior

wall of the great sac becouies continuous with the posterior wall. The peritoneum

on the posterior wall first clothes the superior surface of the liver, then turns round

its anterior border, and is continued back on the inferior surface as far as the attach-

ment of the lesser omentum, where it quits the liver and passes down, as the

anterior layer of the lesser omentum, to the stomach and the duodenum.

.The line of reflection of tlie peritoneum from diaphragm to liver is interrupted near the median
plane by the falciform ligament. The portion lying to the right of this fold forms the superior

layer of the coronary ligament i that to the left of it, the superior layer of the left triangular

ligament of the liver.

The extent to which the peritoneum passes uninterruptedly back on the inferior surface of the

liver varies according as it is traced at the right, the left, or the middle portion of the liver. It

clothes the right portion as far back as the inferior edge of the uncovered area of the liver, where

it is reflected on to the posterior wall of the abdomen and the superior extremity of the right

kidney (constituting the hepato-renal ligament), as the inferior layer of the coronary ligament.

On the left portion it is continued back as far as the posterior border of the left lobe—or even

a little way on to its superior surface—whence it passes to the diaphragm as the inferior layer

of the left triangular ligament. The middle region of the under surface it clothes only as far as

the porta liepatis and the fossa of the ductus venosus ; from those the peritoneum is carried down
as the anterior layer of the lesser omentum.

The peritoneum, which passes back on the inferior surface of the diaphragm to the left of the

liver, is continued down on the posterior abdominal wall, behind the fundus of the stomach and

the spleen, until the left kidney is reached. It covers the^'superior and lateral part of the kidney,

and is then carried forwards as the lieno-renal ligament to the spleen, around which it passes

—clothing its renal, phrenic, and gastric surfaces—as far as the hilum (Fig. 966) ; from that it

is carried to the stomach as the left layer of the gastro-splenic ligament. Similarly, the

inferior layer of the left triangular ligament is continued dowoi on the posterior part of the

diaphragm to the oesophagus, the anterior and left sides of which it clothes. It also forms a

little fold at the left of the oesophagiis, known as the gastro-phrenic ligament (see p. 1241 and

Fig. 969).

At the right side, the portion of the peritoneum which forms the inferior layer of the

coronary ligament is carried down over the right kidney (and inferior part of the supra-renal

gland) to the duodenum and right colic flexure, over both of which it passes.

"We shall now follow down the peritoneum forming the posterior wall of the

general peritoneal cavity—which we have already traced to the stomach—as seen

in a sagittal section (Fig. 964).

Having reached the lesser curvature of the stomach, it passes down over the

front of that organ, clothing it completely as far as the greater curvature. From
that it descends, and is usually adherent to the transverse colon, forming the

anterior layer of the gastro- colic ligament. Thence it passes onwards as the

most anterior fold of the greater omentum. Arrived at the inferior border of the

greater omentum, the membrane returns on itself, and passes upwards towards the

transverse colon, forming the most posterior layer of that omentum. After meeting

and covering the posterior aspect of the transverse colon (Fig. 964), it is then

continued, as the posterior layer of the transverse mesocolon, to the posterior

abdominal wall, which it reaches at the anterior border of the pancreas (Fig. 969).

From the anterior border of the pancreas it is continued downwards again,

clothing first the lower surface of the pancreas, then the front of the third portion of

the duodenum, and, below that, the posterior abdominal wall. From the latter,

however, it is soon carried forwards again by the branches of the superior mesen-

teric vessels passing to the small intestine. Kunning out along those, it forms

the superior (or, more correctly, the right) layer of the obliquely placed mesentery

(Fig. 964) : on reaching the small bowel at the border of the mesentery, it invests

that tube, giving it its serous coat, and then returns—as the inferior, or left, layer

of the mesentery—to the posterior abdominal wall, on which it runs down, covering

the great vessels near the median plane, and the psoas major muscle and ureter at

each side, to enter the pelvis. The mesentery is described at p. 1208.

Pelvic Peritoneum.—The arrangement of the peritoneum in the pelvis minor
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is somewhat complicated, and is fully described in connexion with the several

pelvic organs. A general account will sullice here.

Having passed over the superior aperture all round, it enters the pelvis uiiuor,

and covers its walls as low as the pelvic Hoor, across which it pa.sses to the various

organs. Behind, it invests the pelvic colon completely, and lorms a mesentery

(pelvic mesocolon) for it, as far down as the third sacral vertebra. There the colon

joins the rectum proper, and the complete investment of tiie bowel ceases.

As the end of the pelvic colon is approached tbe two layers of its mesocolon

become siiorter, and when the rectum is reached, they separate, leaving its posterior

surface uncovered, whilst the bowel is clothed in front and at the sides. Lower
down, the membrane leaves the sides, and finally, at a point which is usually about

3 inches (7'5 cm., see p. 122-t) above the anus, it leaves the anterior surface of the

bowel, and in the male is carried on to the posterior part of the bladder (here covered

Second sacral vertebra Ending of pelvic mesocolon

Sacro-iliac joint

Rectum

Pararectal fossa

.Sacral nerves

Ureter (cut)

Cresceiitic fold of
peritoneum (rei'tu-

Keiiital fold)

Seminal vesicle

beneath this

External iliac

vein

External iliac

artri

V

Pararectal fossa

Ureter (cut)

Hypogastric artery

Obturator nerve

Ureter

Fossa
obturatoria
(WaMeyer)

Inferior epigastric artery ,

Ureter

Paravesical fossa

Plica vesicalis transversa

Rectus

Pyramidalis

I Mac us

External iliac artery

Ductus deferens

Obliterated umbilical artery

1 Urinary bladder

Median umbilical ligament (urachus)

Fig. 965.

—

The Peritoneum of the Pelvic Cavity.

The pelvis of a thin male subject aged 60 was sawn across obliquely. Owing to the absence of fat the

various pelvic organs are visiljle through the peritoneum, though not quite so distinctly as represented

here. The urinary bladder and rectum were both empty and contracted ; the paravesical and )>ararectnl

fossfe, as a result, are very well marked.

by the seminal vesicles and deferent ducts), forming the floor of the excavatio

recto-vesicalis (recto-vesical pouch), between those organs. It then covers the

superior surface of the bladder, and passing off from its sides to the walls of

the pelvis, constitutes the so-called false ligaments of the bladder. From the

apex of the bladder it is carried on to the anterior alulominal wall by the middle

umbilical ligament, thus forming the plica pubovesicalis (0.1\ the superior or

anterior false ligament of the bladder).

In the female (Fig. 964), the peritoneum, on leaving the rectum, passes to the

posterior wall of the vagina, the superior portion of which it covers. From that it

is continued up over the posterior surface and fundus of the uterus, and down on

its anterior surface as far as the junction of the cervix and body (Fig. 964). Here

it passes from the uterus to the bladder, which it partly covers, as in the male, and

is then carried on to the anterior abdominal wall. Between the rectum behind,

and the uterus and vagina in front, is situated the excavatio rectouterina [cavum

Douglasi] (O.T. pouch of Douglas), the entrance of which is limited, on each side.
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by a fold passing from the cervix of the uterus around the sides of the pouch
towards the rectum ; these are the plicae rectouterinae [Douglasi] (O.T. folds of Douglas),

and they contain in their interior the musculi rectouterini (O.T. utero-sacral liga-

ments), two bands of fibrous tissue with plain muscle fibres intermixed, which
pass from the cervix of the uterus, backwards on each side of the rectum, to

blend with the connective tissue on the front of the lower part of the sacrum.
Similarly, in front of the uterus, between it and the bladder, is found the much

smaller excavatio vesicouterina (utero- vesical pouch). Finally, the peritoneum
is prolonged as a wide fold from each margin of the uterus to the side wall of

the pelvis, constituting the ligamentum latum uteri (broad ligament of the uterus),

within which are contained the uterine tube, the ovary, the ligamentum teres,

and other structures (see pp. 1315 et seq.).

When the bladder is empty, there is seen at each side, between it and the pelvic wall, a con-
siderable peritoneal depression—the paravesical fossa (Fig. 965). This fossa is traversed by a
peritoneal fold—the plica vesicalis transversa—which runs transversely laterally from the
superior surface of the empty bladder, and, when well marked, passes to the neighbourhood
of the abdominal inguinal ring.

Above the bladder, on each side of the middle umbilical ligament, is found the internal
inguinal fovea already referred to (p. 1235). Both of these fossae are practically obliterated

by distension of the bladder.

Similarly, there is seen at each side of the empty rectum, on the posterior pelvic wall, a large

depression, which may be known as the pararectal fossa (Fig. 965). When the rectum is empty
and contracted, these fossae are occupied by intestine ; during distension, the rectum, increasing
in width, expels the intestine and practically obliterates the fossae.

Transverse Tracing of the Peritoneum.—If the peritoneum is followed trans-

versely around the abdomen, just above the level of the iliac crest (Eig. 968), few
difficulties will be encountered. From the anterior abdominal wall it passes round
on each side to the back, lining the sides and the posterior wall. Passing medially
on the posterior wall, it meets the colon—ascending on the right side, descending
on the left—over which it is carried, in each case covering the bowel in front and
at the sides only, and leaving the posterior surface bare, as a rule. Sometimes,
however, the covering is complete, and a short mesentery is formed. It is next
continued medially over the psoas muscles, the ureters, and the great vessels, on
the front of which it meets the superior mesenteric artery and vein running
downwards to the intestines. From both sides it passes forwards on these vessels,

forming the right and left layers of the mesentery ; and finally, having reached
the intestine, it clothes it completely, and the two portions become continuous
on the bowel.

A transverse tracing at a higher level would include the bursa omentalis ; it will,

therefore, be well to study this portion of the peritoneal cavity before describing

such a tracing.

Bursa Omentalis (O.T. Lesser Sac of the Peritoneum).—The omental bursa, as

already pointed out, is a diverticulum of the great sac. It lies behind the stomach
and adjacent organs, and communicates with the general cavity by a constricted

passage, called the foramen epiploicum [Winslowi]. If the general cavity is com-
pared, as already suggested, to a bag, the anterior layer of which clothes the

anterior wall and sides of the abdomen, and the posterior layer covers the viscera lying

on the posterior wall, the bursa omentalis would correspond to a pocket lying behind
the stomach, lesser omentum and part of the liver, and opening into its cavity by
a narrow mouth, on the right side, just below the li<^er. From this opening the

pocket x^as-ses to the left behind the lesser omentum and stomach, as far as the

spleen, up behind the caudate lobe of the liver, and down behind the stomach and
gastro-colic ligament.

As in the case of the general peritoneal cavity, it will, of course, be understood
that the two walls of the bursa omentalis and the boundaries of the epiploic

foramen are normally in contact. We shall first consider this opening, and then
trace the layers of the omental bursa.

Foramen Epiploicum (Winslowi) (Fig. 966).—This, the constricted passage which
leads from the general peritoneal cavity into the bursa omentalis, is situated just

below and behind the porta hepatis. It is hounded anteriorly by the right, free
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border of the hepato-duodeual ligament, passing up from thf Hupt-rior part of
the duodenum to the porta hepatis, and containing between its two layers the
portal vein, hepatic artery, and bile-duct. Posteriorly , lies the inferior vena cava,
covered, of course, by peritoneum. Above, is placed the caudate pnx^ss of
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|
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Great sac ^^^•t^^^^B«^_^ Hepatic artery
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Left kidney-
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I
Right kidney

Inferior vena cava
Aorta

Fig. 966.

—

Transverse Section of Abdomen at level of Epiploic Fobamen.

the liver. And helow, Lies the superior part of the duodenum with the hepatic

artery running forwards and to the right beneath the foramen, before turning up
into the lesser omentum. It should be remembered that, normally, the various

boundaries of the foramen Lie in contact, and that its cavity can only be said to

exist as such when its walls are drawn apart.

Beyond the foramen epiploicum is a small portion of the omental bursa

Omental bursa
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Fig. 967.—Transverse Section of Abdomen immediately below Epiploic Foramen.

termed the vestibulum bursae omentalis, lying below the processus caudatus of the

caudate lobe of the liver, and above the superior part of the duodenum and the

head of the pancreas. The anterior waU of this portion is formed by the hepato-

duodenal Ucrament, with the bHe-duct, hepatic artery, and portal vem. The
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vestibule is continued beyond a fold termed the plica gastropancreatica into

the true bursa omentalis, which presents two main parts, the recessus superior and
recessus inferior. The recessus superior passes from the vestibule upwards behind
the porta hepatis to the dorsal surface of the lobus caudatus. Posteriorly it is in

contact with the diaphragm and aorta. The recessus inferior extends medially in

front of the pancreas, and behind the stomach, and passes to the left towards the

spleen as the recessus lienalis.

The recessus inferior omentalis and the vestibulum bursse omentalis communicate
with one another by a rounded orifice, which is constricted by the sickle-shaped

forward projecting fold, the plica gastropancreatica. This fold is an elevation of

the peritoneum of the posterior wall of the omental bursa, raised up by the

arteries of the stomach as they pass forwards to that organ from the posterior wall.

As the peritoneal wall of the omental bursa is described in two main parts,

an anterior and a posterior, it will be necessary to follow each of these separately.

Above, the peritoneum forming the anterior wall clothes the caudate lobe ; it then

passes down (from the posterior margin of the porta hepatis, and the fossa of

the ductus venosus) to the lesser curvature of the stomach and the duodenum

Small intestine

Greater omentum enclosing omental bursa 1 ^Mesentery
Great sac

Omental bursa

Great sac

^^^^^^^^ —-^^—^^^^^ Ascending colon

Descending colon

Aorta Inferior vena cava

Fig. 968.

—

Transvekse Section of Abdomen through the Fourth Lumbar Vertebrae.

as the posterior layer of the lesser omentum. Continued on from this, it clothes

the posterior (or visceral) surface of the stomach as far as the greater curvature,

with the exception of the small "uncovered area" below and to the left of the

cardia (Fig. 969), but it does not actually come in contact with the oesophagus

itself, the back and right side of which are uncovered. On the left, it is reflected

from the back of the stomach to the spleen as the deeper layer of the gastro-splenic

ligament.

From the greater curvature of the stomach it is continued down, forming the

posterior layer of the gastro-cohc ligament as far as to the transverse colon. In

some cases it is not attached to the colon, but is continued onwards as the posterior

of the anterior two layers of the omentum, and in such cases at the inferior part

of the omentum it meets and becomes continuous with the posterior layer of the

omental bursa.

The peritoneum forming the posterior wall of the bursa omentalis, in passing

through the epiploic foramen, clothes the front of the inferior vena cava (Fig. 969) ;

beyond this, it covers the coeliac artery, and passes upwards to line the slight

depression on the posterior abdominal wall (diaphragm), against which the caudate

lobe rests. Then, passing over to the left, it covers the superior surface of the

pancreas, the top of the left kidney and suprarenal gland, and the medial part of

the gastric surface of the spleen (Fig. 969). From the anterior border of the
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pancreas it is prolonged anteriorly anel downwards—as the unlerior or upper layer of

the transverse mesocolon—to the transverse colon (Fig. 969). Here it usually joins

the gastro-colic ligament, but in English text-books it is de.seril)ed, and here it is

figured, as being continued down as the anterior layer of the posterior fold of

the greater omentum, almost to its inferior border, where it becomes continuous

with the anterior layer of the omental bursa already described.

The transverse tracings at the level of the epiploic I'oramen and pylorus are

shown in Figs. 966 and 967, and can be easily followed without any further

description than is there given.
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Root of mesentery (cut)

Fig. 969.—Thk Peritoneal Relations ok the Dcodenvm, Pancreas, Spleen, Kidneys, rtc.

; The lesser omentum is described at p. 1162 ; it need only be pointed out

now that it is composed of two layers, the anterior belonging to the general

peritoneal cavity, and the posterior belonging to the omental l)ursa; and both

layers are extremely thin—sometimes even cribriform.

The greater omentum is a large apron-like fold of peritoneum, usually more

or less loaded with fat, which is suspended from the transvei-se colon, and

hangs down in front of the intestines to a variable extent. When the abdomen

is carefully opened without disturbing the viscera, it is rare to find the greater

omentum evenly spread over the front of the intestines. More commonly it is folded

in l)etween some of the coils of intestine, or tucked into the left hypochoudrium
;

or perhaps it is carried upwards in front of the stomach by a distended transverse

colon. The gastro-colic ligament continues the anterii»r layers of the greater

omentum upwards to the stomach, and the gastro-lienal ligament continues them
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between the spleen and stomach. The greater omentum is thus commonly
described as extending between the greater curvature of the stomach above and

the transverse colon below, not taking the shortest course from one of these to

the other, but hanging down as a loose fold between the two, and containing

between the anterior and posterior folds a cavity continuous with the omental

bursa (Fig. 968).

This is the condition in the embryo, but in the adult the anterior fold usually

becomes adherent to the colon, and, below it, also to the posterior fold, and hence

the cavity becomes largely obliterated. If the gastro-colic ligament be included as

part of the greater omentum, and the embryonic condition is retained, as is usually

described in English text-books, the greater omentum may be said to consist of two

folds, each formed of two layers, one derived from each sac of the peritoneum. The
anterior or descending fold begins at the greater curvature of the stomach, where it is

formed by the meeting of the two layers from the anterior and posterior surfaces

of that organ respectively ; from there it descends to the front of the transverse

colon. Leaving the colon, or passing anterior to it, see Eig. 964, the two layers

proceed to the lower border of the omentum, where, turning back (Fig. 964), they

pass up as the posterior or ascending fold. That runs upwards until it meets the

transverse colon ; there its two layers separate to enclose and cover that colon—and
the greater omentum, properly so called, ceases. Its two layers, however, unite at

the superior margin of the colon (Fig. 964) to form the transverse mesocolon, which

is continued upwards and posteriorly to the anterior border of the pancreas. There

the layers of the transverse mesocolon again separate—the superior running up-

wards over the anterior surface of the pancreas to the posterior abdominal wall

and lining the omental bursa ; the lower passing downwards on the posterior

abdominal wall, as already explained.

The greater omentum is continued to the right for a short distance (25 mm.) along the inferior

border of the duodenum. At the left end it shortens very much, and is directly continued into

the gastro-lienal ligament; the spleen, as it were, being introduced between the two layers

instead of the colon.

Functions of the Greater Omentum.—Numerous uses have been assigned to the great

omentum ; the chief seem to be : (1) To act as a movable and easily adjustable packing material,

capable of filling all temporarily-produced spaces in the abdomen. In this respect it may be

compared with the Haversian fatty pads in joints. (2) It probably, to some extent, prevents the

passage of the small intestines up into the stomach chamber, and helps to keep them from
getting entangled there. (3) It is a storehouse of fat. (4) It is said to be " the great protector

against peritoneal infectious invasions." Being freely movable, it can pass to almost any part of

the abdomen, and there " build up barriers of exudations to check infection."

Mr. Lockwood has made the interesting observation (in connexion with the contents of hernise)

that, in bodies under forty- five years of age, the omentum can rarely be drawn down below the

level of the pubic tubercle ; in older bodies the reverse is the rule.

The gastro-lienal ligament is a short fold composed of two layers—an anterior,

lining the general peritoneal sac, and a posterior, lining the omental bursa (Fig. 966).

It is attached by one margin to the fundus and greater curvature of the stomach,

and by the other to the gastric surface of the spleen just in front of the hilum.

Between its two layers the vasa brevia of the splenic artery pass from the spleen

to the stomach. Below and in front, its layers are continued into the correspond-

ing layers of the gastro-colic ligament ; above and behind, they separate at the

"uncovered area" of the stomach (Fig. 969).

Minor Folds of Peritoneum.—The phrenico-colic ligament, passing from the left

flexure of the colon to the diaphragm opposite the 10th or 11th ribs, has been

described, and also the mesentery of the vermiform process, the lieno-renal and
hepato-renal ligaments.

DEVELOPMENT OF THE DIGESTIVE SYSTEM.

In the section on General Embryology it has been pointed out that the alimentary

canal is formed from three separate parts. (1) A middle large entodermal portion, and

(2) two smaller ectodermal parts, one anterior, the oral sinus or stomodseum, and one
posterior, the proctodajum.
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It has been further shown that the three portions are at first separated from one
another by septa, the pharyngeal membrane and the proct(xleal membrane, respectively,
but the septa disappear at an early date, and the three parts are thrown into continuity.

There is thus formed a tube, the primitive alimentary canal, extending through the
body from the mouth aperture in front to the anal orifice posteriorly.

The entodermal segment of the primitive alimentary canal is divided into three
portions as follows :

—

(1) That portion which is enclosed within the head fold is termed the ftjregut ; the
portion within the tail fold is termed the hindgut; and the intermediate portion is termed
the midgut. The midgut at first lies opposite the communication with the yolk sac, and
the other portions cephalic to and caudal to this level.

From the foregut are formed the posterior part of the mouth, the pharynx, oesophagus,
stomach, and the greater part of the duodenum. From the mid and hindgut are formed
the rest of the small intestine, and the whole of the large intestine, as far as to the
"white line " of the anal orifice. There is no sharp limit between the mid and hindgut
or between the portions of the intestinal canal formed from them (see p. 47).

The different parts of the tube become modified in their structure, so as to form
special organs, and in many regions outgrowths occur in the form of hollow diverticula,

from which the accessory glands are formed, which lie outside the wall of the original

tube. Organs such as the liver, pancreas, and salivary glands arise in this way.
It should be stated here, also, that this primitive intestinal tube forms the basis,

not only of the alimentary canal and its associated organs, but it also is the source from
which many other organs, not ultimately connected with digestion, are formed.

Thus, the respiratory tract below the level of the orifice of the larynx is formed as

an outgrowth from the ventral wall of the primitive foregut, and remains permanently
connected with it at that point, though in structure and function it becomes very

different from the tube from which it is derived.

Other structures also, namely, the thyreoid gland, the parathyreoid glands, and the

thymus, are formed from the alimentary canal as diverticula, but they eventually loose

their connexion with the wall of the tube, and become specialised in function and in

structure.

Furthermore, the allantois, a diverticulum from the hindgut, is an important rudi-

mentary organ, and a part of the primitive hindgut is cut off from the primitive cloaca

to form the urinary bladder and a portion of the urethra.

Accounts of the development of the organs mentioned which are not connected with

the alimentary canal in the adult will be found in the sections dealing with them.

Development of Mouth and Pharynx.—The development of the mouth and of

the pharynx from the oi-al sinus and anterior part of the foregut are intimately

associated with one another, and with the formation of the mouth and nose.

The stomodseum or oral sinus first appears as a depression situated between the

primitive forebrain above and the pericardial region below.

The floor of this depression is formed by the pharyngeal membrane, which consists of

ectoderm and entoderm only, mesoderm being absent; the membrane separates the oral sinus

from the anterior end of the foregut, but at an early stage it ruptures and disappears.

The mouth cavity of the adult is formed in part from the oral sinus, and in part

from the anterior end of the foregut, or primitive pharynx. The line of division between

the portions of the mouth derived from these two parts is difficult to trace, on account

of the very extensive changes which occur after the pharyngeal membrane has disappeared,

and which are associated with the formation of the face and of the nose. The portion of

the mouth cavity derived from the primitive pharynx is lined with entoderm, and that

from the oral sinus with ectoderm. The position of the original pharyngeal membrane

may be represented by an imaginary plane extending from the anterior part of the body

of the sphenoid to the base of the alveolar process of the mandible on its lingual surface.

Thus, the cavity of the nose is derived from the upper part of the oral sinus, while the

floor of the mouth is formed from the pharynx. The adamant (O.T. enamel) of the

teeth and the secreting epithelium of the parotid gland are ectodermal structures, while

the epithelium of the tongue and submaxillary and sublingual glands is entodermal

in origin.

The ectodermal or oral sinus portion of the mouth, then, gives origin to the lips,

teeth, and parotid glands ; while in the pharyngeal portion are developed the tongue,

submaxillary and sublingual glands.

The upper lip is formed from the tissues covering the frontal and maxillary processes

(see development of face).
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The lower lip similarly is formed from the tissues covering the mandibular arches.

By an ingrowth of epithelium from the surface of the frontal and maxillary processes

into the subjacent mesoderm and by subsequent desquamation of the superficial layers, a

groove is formed between the lips and cheeks, on the one hand, and the alveolar ridges on

the other. This groove when deepened forms the vestibule of the mouth, and is termed

the alveolo-labial sulcus, or labial groove.

The surface covered with mucous membrane becomes everted, to form the red portion

of the lips, and at birth is divided into an outer smooth portion, and an inner portion

whose surface is villous, termed pars villosa. The distinction between these two parts

disappears shortly after birth.

Several explanations of the formation of the philtrum or groove on the front of the

upper lip have been put forward ; most probably it is produced by the union of the margins

of the two processus globulares with one another, the floor of the groove being formed

by their line of union, and the ridges bounding the groove at the sides corresponding

to the medial portions of the globular processes.

The parotid glands are formed as outgrowths of the epithelium in the outer wall of

the alveolo-labial sulcus.

The outgrowth in each side has been found in embryos 8 mm. long. It is at first

a furrow. The posterior part of the furrow becomes closed off from the mouth cavity

and forms a tube, which grows backwards for some distance on the surface of the first

visceral arch.

The terminal portion of the tube formed in this way gives rise to a number of buds,

which divide repeatedly, and form the lobules of the gland.

These are at first solid, and the alveoli do not become hollowed until about the

twenty-second week.

The epithelium of the terminal buds forms the secreting glandular epithelium, while

that of the stalk forms the lining epithelium of the duct.

Development of the Teeth.

A tooth may be described as a calcified papilla of the mucous membrane, composed
of two chief parts—namely, the substantia adamantina formed by the epithelial layer,

and the substantia eburnea by the connective tissue layer of the mucous membrane.
The details of the process by which such a tooth is developed from the two layers of the

mucous membrane are both numerous and intricate, and can be but briefly described here.

In lower vertebrates (sharks, rays, etc.), teeth which correspond essentially, both

in structure and development, to those of mammals are found on the surface of the

body, and are known as dermal teeth. The following outline of the development of the

dermal tooth of a shark may assist in rendering the development of the human teeth

more intelligible :

—

First, a papilla is formed from the corium or connective tissue layer of the skin

(Fig. 970, B), and this papilla is covered over by the epithelial layer.

Next, the superficial (connective tissue) cells of the papilla begin to form a layer

of ivory on the surface of the papilla (Fig. 970, C), which it soon encases, the remains

of the papilla persisting in the interior as the future tooth pulp. At the same time the

deepest cells of the epithelium deposit a layer of adamant outside the ivory over the

summit of the papilla (Fig. 970, C), and subsequently the two—adamant and .ivory

—

become inseparably united, thus giving rise to the substance of the tooth.

At a later period the epithelium covering the summit disappears and the tooth comes

to the surface ; this constitutes its eruption (Fig. 970, D).

In the case of the mammalian tooth a similar process takes place, not, however, on

the surface, but deep down in the substance of the gum, into which a downgrowth of

epithelium has previously taken place. This epithelial downgrowth spreads out in the

substance of the jaw, and into it the papilla grows up, and goes through the other changes

described above, as if the whole process took place on the surface.

Development of Human Teeth.—The following is a brief summary of the chief

events in the development of a human tooth. For convenience in expx-ession and terms,

the description refers to the development of a lower tooth. The upper teeth are, of

course, developed in a manner exactly similar.

1. The first distinct evidence of the development of the teeth is to be found in a

thickening of the mouth epithelium, at the site of the future gum, and a resulting down-
growth of its deeper portion into the substance of the primitive jaw (Fig. 971, I.). This

epithelial downgrowth is continued along the whole length of the gum, and is known as
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tlie dental lamina or tooth-band. Tlio dcntiil hmiinu divides into two plates, a lateral
vertical and a medial luoro horizontal in direction. Tlit; medial plate is the portion
from which the teeth are formed, and is termed the denial le<l^e. On the under surface
of the dental ledge there soon appears a series of knolj-like pnjjections—one for
each of the milk teeth (Fig, 971, II.)—which are known as adamant germs or adamant
organs. These organs are connected with the epithelium of the dental ledge by a con-
stricted part, and although at first knob-like, they soon become bell-shaped owing to
the invagination of the lower surface of the knobs, so that each may now be comitared to
an inverted egg-cup.

2. As soon as the adamant organs begin to assume a cup-like shape, the cellular
connective tissue of the jaw beneath grows up and .

projects into, the cavity of the cup (Fig. 971, III.) t^^^^/i.^^^^ . a. Section of •kin

in the form of a papilla—the papilla dentis. The
'^^ '-'-

j
h1.ow^^,^^^ epuheiiun.

arrangement, pursuing our simile, may now ])e com- '" ''ra"" ''. »"•• connec-

pared to an egg fitting into its cup— the papilla
'^"^ """* "*'""''•

representing the egg, and the adamant organ the cup n B sUowh the imi.iiuof

(Fi". 971 III.). /T"^
the connective tissue

^ •'' ' ''
.

'' layer growing up
3. The two layers of cells which are thus brought ^r^'- •"' -.^— l> <overe<i i.y the epi-

in contact, namely, the epithelial cells lining the con- ==*^''-v2,iS^ ^ thoiiai layer,

cavity of the adamant organ, and the superficial cells , „ ,

» ,1 . ,1 -11 1 1 i J 1 /«IJv '" IiiCtliesuperncialcellH
of the tooth papula, become elongated or columnar, c ^^m^.: u of the imj.iUar begin

and undergo other changes, preliminary to the pro- ^=^^^S%' V , over^ti;r,«,,!iia?and

duction of the adamant by the former— which are ii^i^/ ^'>^^DC. ;
at the same time the

now called adamant cells or ameloblasts—and the ^-^^-^ri^^-*- epitheHum''''d%<^l'it

ivory by the latter, which are known as odontoblasts. *" adamant a.

4. The odontoblasts, that is the layer of columnar-
shaped connective tissue cells lying on the surface of

the dental papilla, begin to form at their outer ends
i-^,-J^-^\r.' .

j ' ^ '^,reakinl' ^'"through

a layer of ivory (Fig. 971, IV.). Similarly, the .^^v , a^Siil: a ''''« epithelium and

adamant cells lining the cup begin to form at their c-^--.^is^fi^"-c '^'^'"^
'"^

inner surface a layer of adamant on the top of the
^

layer of ivory (Fig. 971, IV.), to which it adheres: ^i«- 970.—Diaouam to u^lustrate the

in each case the deposit taking place first at the sum- ^^7t^!lT''
''''

"" ^^"''^' '^^'^™ "'
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mit of the tooth. , „ „ , » ^ v.

„ . . , . In all figures

—

a, adamant ; o, basement meni-
O. 1 he formation of these tissues proceeds apace, brane ; c, connective tis.sue layer of skin ;

the ivory increasing at the expense of the papilla, cells oPpipiiia!''"''''"" '

""*» ^' '"'J"^^"'='»'

the adamant similarly encroaching on the cup or

adamant organ ; and in each case the two layers of cells—odontoblasts and adamant cells

—which produced the deposits, retiring gradually from one another, as the space between
them becomes occupied by the newly formed tissues (Fig. 971, V.).

The remains of the dental papilla persist as the pulp of the tooth, which is covered

even in the adult by the odontoblasts, and occupies the tooth cavity, i.e. the central part

of the tooth to which the formatioii of ivory has not extended.

6. Titrning now to the jaw itself : The connective tissue of the gum surrounding the

tooth germ (as the developing tooth with its adamant organ and dental papilla are called)

early becomes condensed and vascular (Fig. 971, V.), and later on forms a membranous
bag—the tooth-sac or follicle—which completely shuts off the developing tooth from the

surrounding structures. On the floor of the sac the tooth germ sits, the base of its

dental papilla being continuous with the tissue of the floor of the sac, and the young
tooth being enclosed by the sac, as a kernel is enclosed by its shell.

7. Reverting to the tooth : When the crown is completed the deposit of ivory, but

not of adamant, is continued downwards to form the root. The root is composed chiefly

of ivory, continuous above with that of the crown, and like it formed by the odontoblasts

of the dental papilhi. As the ivory is deposited, and the root is being built up, the

connective tissue of the tooth-sac comes to surround the root more closely, and deposits

on its surface, after the manner of a periosteum, a layer of bone, the substantia ossea.

.Vftcr that layer has been formed, the connective tissue of the sac persists as the alveolar

periosteum. The development of the root takes place very slowly, and its lower end is

not completed as a rule for some time after the eruj)tion of the tooth has taken place.

8. During the development of the teeth the ossification of the jaw has been going on,

and as it grows up on each side, the young teeth, enclosed in their tooth-sacs, come to lie

in an open bony groove, which is subsequently divided by septa into compartments—the

alveoli—for the individual tooth-sacs. The bone continuing to grow after birth, these
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I. Shows the downgrowth of

the dental lamina D.L from
the surface epithelimn B
and the beginning of the
adamant germ E.G.

II. Shows the further growth
of the adamant germ and
its invagination.

III. The adamant germ is

more invaginated, and its

inner layer of cells becomes
columnar. A, the dental
lamina, grows thinner, but
near its posterior or lingual
edge there is an enlarge-
ment R.G which is the re-

serve germ for a permanent
tooth. The superficial cells

of the ivory papilla P are
becoming columnar.

IV. The inner columnar cells

of tlie adamant germ (called

adamant cells) A Jiave

formed a cap ofadamant En,
inside which the superficial

cells of the papilla, the
odontoblasts O, have
formed a layer of ivoi-y D.

— r ^_-- D-L

III

i-VA

compartments become more perfect, but are never entirely closed in over the crowns

of the teeth. During the eruption of the teeth the upper and anterior part of each of the

bony cells is absorbed ; subsequently, however, it is re-formed around each tooth when
it has taken its final position.

9. Eruption.—Long before the root is completed, the crown, by some force which is

not properly understood, but which does

not seem to depend on additions to the

root, is pushed through the top of the

tooth -sac, and—the upper and anterior

wall of the roomy alveolus having been
absorbed at the same time— onwards
through the gum until the mouth is

reached. Later, when the tooth has

assumed its final position, the alveolus,

as already stated, is re-formed, and
closely embraces the completed root.

10. After the adamant organs of the

deciduous teeth have been formed on
the inferior aspect of the dental lamina,

as described above, the neck of epithelium

by which the lamina is still connected

with the surface becomes broken up into

a cribriform sheet. Its free posterior

border, on the other hand, continues to

grow inwards in the tissue of the gum
towards the cavity of the mouth (Fig.

971, III. and IV.), and at a later date

there appear on its under surface, near

the free edge, and behind the several

developing milk teeth, the adamant
organs—or so-called "reserve germs"

—

for the corresponding permanent teeth,

which are developed in exactly the

same manner as the deciduous teeth

described above.

In connexion with the development
of the permanent molars, which have no
corresponding teeth in the deciduous

set, there takes place a prolongation

backwards of the posterior extremity

of the dental lamina into the tissue of

the jaw, behind the last deciduous molar.

On the inferior aspect of this prolonga-

tion, which has no direct connexion with

the surface epithelium, adamant organs

are formed for the permanent molars,

and their further development goes on

in the manner described for the other

teeth.

The dates at which some of the

chief events in the development of the

teeth occur may be briefly given :—The
thickening of the epithelium, the first

sign of the future teeth, begins about

the sixth week of foetal life, and the
dental lamina is completed by the end of the seventh week.

The dental papillae for the eight front teeth appear and become surrounded by their

adamant organs about the tenth week, and the papilla for the first permanent molar about
the seventeenth week.

The first traces of calcification, and the formation of the tooth-sacs, take place about
the fifth month of foetal life.

Eruption of Deciduous Teeth.—The period at which the eruption of the milk teeth
takes place is extremely variable, and no tvyo observers seem to agree upon the question.

v. Shows a more advanced
stage still. The deposit of
ivory is extending down-
wards, and enclosing the
papilla to form the future
pulp, in which a vessel V
is seen.

Fig. 971.

—

Diagram to illustrate Development
OF A Tooth.

a, Inner layer of adamant germ ; B, Outer layer ; C, Remains
of intermediate cells; D, Ivory; D.L, Ivory lamina; E,
Epithelium

; E.G, Adamant germ ; En, Adamant ; F, Dental
furrow ; L.D, Labio-dental furrow ; M, Connective tissue cells ;

O, Odontoblasts; P, Ivory papilla; R.G, Reserve germ; V,
Blood-vessel.
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The following, according to Tomes, -may bo taken as representing the average. Tlie

lower coiitral incisors iu()j)ear first, usnally between the sixth and ninth months ; then
fcjUows a rest of a few months. Next come the fonr np])er incisors, fcjijowed by a rest of

a few montiis. Then the lower lateral incisors and the fonr fii*st molars ernpt, sncceeded
Ity a rest of a few months. Next appear the canines, and finally the four second molars,

which are ail cut by the end of the second year.

The following statement is simple, and perhaps is sufficient for all ordinary j)urpo8e8.

The deciduous teeth usually appear in the following order :—Central incisors, lateral

incisors, first molara, canines and second molars ; the eruption commences V)etween the

sixth and the ninth month, and is usually completed by the twenty-fourth^—the lower

teeth, as a rule, preceding the upper.

Formation of Adamant and Ivory.—DifTcrcnt opinions aru held a.s to the method in which
till- substantia adamantina is jnodiicc.d by the cells concerned in the jjrocess. One vi(!W main-
tains that it is secretwl and siied out by the cells (KoUiker). According to the other view,
])art of tlu; substance of the cells is actually converted or transformed into adamant (Tomes).
In connexion with this latter view, whieh seems to receive more support at j)resent. Tomes
lu'is discovered tliat tlu-re ])rojects from the base of each cell, towards or into tlit; most recently
formed enamel, a fibrillar process, wliieli has received the name of Tomes' process, and he holds
that the suh.-^tantia adamantina is formed by calcification taking place in or around the procoas.

Similarly, two views are held as to the j^roduction of ivory by the odontoblasts; one, that
the odontol)last,s secrete the matrix ivoiy, and the other, that their substance is actually con-
verted into the matrix of the ivory. The odontoblasts, when active, are branched cobinmar-
sliajied cells, and from their outer ends one or more processes extend towards and into the ivory

;

lu'tween these processes a matrix appears—produced probably by the odontoblasts—and soon this

matrix becomes calcified. In this way the ivory is formed, and the process is repeated until

its full thickness is attained. The branches of the odontoblasts, encased in ivory, just mentioned,
are the Tomes' fibrils already described ; the canals in which they lie are the dental canaliculi

;

and the fibrils themselves are concerned in the production of the sheaths of Neumann which
line the tube.s.

The tooth-sacs, when fully developed, are large and distinct fibrous bags which lie

in the alveoli of the maxilla and mandible, and are continuous above with the tissue of

the gum. On the lingual side of the sacs of the deciduous teeth are found the germs of the

permanent teeth, surrounded by their own sacs. These latter are at first very small, and
are partly embedded in the posterior wall of the deciduous tooth-sacs, but subsequently
they come to lie in distinct but incomplete bony cavities of their own. The bone sur-

rounding the tooth-sacs, temporary and permanent, is always wanting over the summit of

the sac, and the band of connective tissue by which the sac is connected with the over-

lying gun\ tissue, through the deficiency, is known as the gubemaculum dentis.

All the points mentioned are easily demonstrated on the mandible of a child at birth,

particularly when the tissues have been allowed to soften a little. If, in such a specimen,

the gum and periosteum are reflected upwards from the labial and lingual surfaces of the

mandible, and freed as far as the superior border of the jaw, the gum, with the tooth-sacs

depending from it like small bags, can be pulled away out of the bony groove of the jaw
;

and if the operation has been successfully performed, the tooth-sacs of the three front

permanent teeth may be seen, varying in size from a small pin's-head to a hemp-seed,
lianging down behind the superior part of the corresponding deciduous sacs. As already

explained, the tooth-sacs are produced simply by a condensation of the connective tissue

around the developing tooth, the condensation going on to the formation of a distinct

membranous bag.

Formation of Alveoli and Eruption.—At first the developing teeth lie in an open
bony groove or channel between the labial and lingual plates of the young jaw. This
groove is subsequently divided up into separate compartments for the sacs of each of the

deciduous teeth. As development proceeds these compartments or alveoli surround the

sacs more completely, but never actually close over the summit. When the eruption of

the deciduous teeth is about to take place, the anterior wall and roof of the alveolus are

absorbed ; the tooth passes through the sac and appears above the gum, and then the

alveolus, which up to this was much too large to give actual support, is re-formed more
closely around the tooth. Meanwhile the root, which was only partly formed at the time

of the eruption, continues to be added to, possibly for a few years more, and, as it grows,

the alveolus is completed around it. When the permanent tooth, or as much of it as

is then formed, is about to be erupted, it makes its way from its own bony cell through
the posterior wall of the alveolus of its temporary predecessor; the root of the deciduous
tooth undergoes absorption at the same time, but quite independently of pressure from
the permanent tooth. The alveolus, now occupied by both teeth, is again much enlarged
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by absorption, particularly in front ; what remains of the temporary tooth is shed ; the

permanent tooth passes onwards through the enlarged alveolus, and, making its way to

the surface, appears above the gum. After some time, when the tooth has taken its final

position, the alveolus is again re-formed, first around its neck, and later on, as the root is

built up, around it also, and thus the tooth is permanently fixed.

What the force is which causes the eruption, is a question that has not been answered

satisfactorily. That the growth of the root pushes up the crow^n was formerly the

favourite explanation. For several reasons, unnecessary to detail, this view is now dis-

carded, and a theory which attributes the impelling force to the blood pressure is looked

upon with more favour, although even this is not altogether satisfactory. (See Tomes'

Dental Anatomy, 5th Edition, page 211.)

Morphology of the Teeth.

In most vertebrates below mammals all the teeth are alike in form ; such a dentition is said

to be homodont. In the majority of mammals, on the other hand, the teeth are arranged in

groui)s of different size and form ; such a dentition is heterodont.

Again, mammals have, neglecting exceptional cases, but two functional sets of teeth ; they are

consequently said to be diphyodont. Most vertebrates below mammals, on the other hand, have

a continuous succession of teeth throughout life, and hence are said to be polyphyodont.

Seeing that practically all lower vertebrates are provided with simple conical teeth, the evolu-

tion of the multi-tuberculate mammalian molar has given rise to much speculation. The jaws of

tlie earliest fossil mammals found are furnished with tri-tubercular teeth, the three tubercles being

placed in an antero-posterior line ; by a rotation of two of the tubercles to the lingual or labial side,

as the case may be (a condition found in certain other fossil skulls), we arrive at a tri-tubercular

form, from which the transition to an ordinary mammalian molar is not difficult. As to how
the tri-tubercular tooth arose from the simple cone, two different views are advanced : one, that

it was formed by the union of several conical teeth as a result of the shortening of the jaw and
the crowding of the teeth together ; the other, that the single conical tooth developed on its

crown two subsidiary tubercles, one in front and the other behind, and that these tubercles

growing larger, the tooth assumed the tri-tubercular form.

The complete or typical mammalian dentition, in its highest development, as in the horse, is

represented by the following formula : i. f, c. 1, pm. t, m. |= 44. In the dentition of man, there-

fore, one incisor and two premolars are wanting. Different views are held as to which teeth

have been suppressed—most probably they are the second incisors, and the first and second or first

and last premolars.
. In general it may be said that the dentition of the lower races differs from that of the

higher, in that the dental arches are squarer in front, the teeth larger and more regular, the

canine.s stronger, the last molars better developed, and the tiibercles on the molars more perfect, in

the lower than in the more civilised races. It may be mentioned, however, that the teeth of a

savage man, if seen in the mouth of a European, would be looked upon as an " exceedingly

perfectly formed set of teeth " (Tomes).

To express the proportion in size of the crowms of the premolars and molars to that of tlie

skull in aifi"erent races, Flower compared the distance from the front of the first premolar to the

back of the last molar, in situ, with the distance from the front of the foramen magnum to the

naso-frontal suture (basi -nasal length), in the form of a "dental index"

—

_,, Length of teeth x 100 „ ^ i • i

Thus: ,
°

. i-j 7T— = Dental index,
Basi-nasal length

and by tliis means he has divided the various races into microdont (index 42 to 43, Europeans,

Egyptians, etc.), mesodont (index 43 to 44, Chinese, American Indians, Negroes, etc.), and macro-
dont (index 44 and ujtwards, Australians, Melanesians, etc.).

Development of Primitive Pharynx and Pharyngeal Portion of the

Mouth.

The anterior blind termination of the foregut in the head region constitutes the

primitive pharynx.

Its roof is formed by the tissues covering the under aspect of the mid- and fore-brain,

and its floOr by the tissues overlying the heart and pericardium. Kach side wall is a

lamina of tissue extending from the floor to the roof, continuous, in front, with the

bucco-pharyngeal membrane, which forms the anterior wall of the pharynx and separates

it from the stomodeum.
in the roof are formed the tissues wliich form the hinder part of the base of the skull.

In the side wall and in the floor extensive changes occur, connected with the appear-

ance of structures known as the visceral arches and pouches, and with the origin of

numerous structures from them and the development of the tongue.
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Tongue.—Tlie tongue is formed in two portions, anterior and posterior, in the floor of

the pharynx.

The anterior portion, forniin;^ the anterior two-thirds of the organ, is formed from the
tissues on eacii side of the tiiberculuni inipar, whicii grow up and enclose that elevation,
and from the tuberculuni itself. Evidence of this bilateral origin of the tongue is found
in those cases of bifid tongue which occur, though rarely (see p. 45).

The hinder portion, forming the posterior third of the tongue, is formed from the
tissues covering the iiuier ends of the second pair of arches (see p. 45).

These arches, as has been pointed out, meet and fuse in a common mass in front of

the furcula, in the floor of the sinus arciuitus.

Between the ridge which they form and the tuberculum imjjar in front, a slight

median depression is found, from which the median thyreoid diverticulum is formed, and
which persists as the foramen ciccum of the tongue. On each side of this depression a
groove runs obliquely laterally and upwards (the sulcus terminalis) immediately Ixihind

the region of the vallate papilhe, and marks the union of the anterior and posterior

portions of the tongue.

The tongue mass formed by the union of these different parts increases in size, rises

upwards from the floor of the pharynx, and projects forwards.

The tissue forming its interior becomes transformed into the muscular substance of

the tongue, and is derived largely from the first branchial region, and not from the

musculature of the visceral arches.

The investing epithelium of the anterior two-thirds gives rise to the papillae and the

taste buds, while that covering the posterior portion remains smooth. The papilla* appear
about the third month as elevations of the corium, covered with epithelium.

The vallate papilla; are formed Vjy ingrowths of the epithelium in rings, around a

central core. The superficial layers of the epithelium desquamate and form the trench

surrounding the papilla.

Submaxillary and Sublingual Glands.—These glands are formed in the alveolo-

lingual groove in the floor of the primitive pharynx, immediately behind the first arch,

by outgrowths somewhat similar to those described in connexion with the parotid (q.v.).

The submaxillary outgrowth occurs about the fifth week, and the sublingual, several

in number, on the outer side of it at the ninth week.

Palatine Tonsil.—The glosso-palatine arch arises in the position occupied earlier by
the second visceral arch, behind which, in the embryo, lies the pharyngeal portion of

the second visceral cleft. The dorsal extremity of that cleft enlarges, and forms a recess

termed the sinus tonsillaris. From the lower and greater part of the sinus tonsillaris the

palatine tonsil is developed ; the upper part of the sinus persists, however, as the supra-

tonsillar fossa. The palatine tonsil at first is a smooth depression of the mucous membrane.
About the fourth month of foetal life downgrowths of the epithelium take place, which are

afterwards converted into the tonsillar crypts. Subsequently lymph cells accumulate

around the downgrowths and form the lymph tissue, which constitutes the mass of the

organ. The plica triangularis is formed from a tubercle, which becomes flattened, and
forms a fold on the anterior and medial aspect of the inferior part of the palatine tonsil.

Development of (Esophagus, Stomach, and Intestines.

(Esophagus.—The oesophagus is formed from the foregut. The lengthening of the

thoracic region of the trinik, which occurs with the growth and development of the

heart and lungs, causes this portion of the alimentary tube to become greatly lengthened.

The entodermal lining forms the epithelial layer, and the mesoderm the other coats of

the oesophagus.

Stomach.—As early as the fourth week, the foregut exhibits a fusiform enlargement

in the region of the developing heart, which is the first evidence of the differentiation of

the stomach : this enlargement takes the form first of an outgrowth on the dorsal

border to form the fundus. Soon, however, as the diaphragm is being formed, the

stomach passes into the abdomen, and its dorsal wall—the future greater curvature

—begins to grow more rapidly than the ventral wall. As a result the whole organ

becomes somewhat curved, and its inferior entl is carried forwards from the posterior

abdominal wall, giving rise to the cur\-ature of the duodenum. The excessive growth

of its posterior wall causes the stomach to tuni over on to its right side, which now

becomes posterior or dorsal. In this rotation the upper or cardiac portion moves to

the left of the median plane, and the whole organ assumes an oblique direction across

80
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the abdomen. Already, at the fifth or sixth week, the adult form of the stomach is

cleai'ly indicated.

This rotation of the stomach around its long axis, which is accompanied by a rotation

of the lower end of the oesophagus, explains the asymmetrical position of the two vagi.

In the adult the left nerve is found on the front of the stomach, which was originally the

left side of the organ ; similarly, the right nerve lies on the back, which was originally

the right side.

Intestines.—At first there is no separation into large and small intestines; the

primitive canal simply forms a slender tube, with a convexity towards the umbilical

orifice, through which the vitelline duct passes to the yolk sac. Later, the tube increases

in length, and in embryos of 11 or 12 mm. and about five weeks old an outgrowth of

the canal appears, which represents the future caecum, and indicates the separation into

larfye and small intestines. Growing longer, the intestine forms a large loop with the

vitelline duct springing from its apex (Fig. 973), aiad the superior mesenteric artery

running down between the layers of its mesentery. At the same time the two extremities

of the coil approach one another, and form a narrow neck to the loop, as shown in

Fio-. 973. There now takes place a change which entirely modifies the position of the

parts this is a rotation of the whole loop, with its mesentery, around the superior

mesenteric artery as an axis (Fig. 973). The result of this rotation is that the original

rio-ht side of the loop of gut and mesentery becomes the left side ; and the beginning

of the large intestine is carried across the duodenum (Fig. 973), thus explaining the

passage of the transverse colon in front of the second part of the duodenum in the

adult. At the same time the csecum comes to lie near the middle of the abdomen

below the liver, a position in which it is found during the third month. Subseqxiently,

it passes farther to the right ; and finally, descending, comes to occupy its adult position.

The small intestine continues to grow in length, and, as a result, is thrown into coils,

which become more and more complex as the length increases, until the adult condition

is attained. The terminal portion of the large bowel retains its position on the left side,

and passes down to the anus.

Formation of Gastric and Intestinal Glands, etc.—The epithelial lining of the intestinal

tube is composed, at first, of a single layer of cells, and the inner surface is smooth. In

the second month the epithelium increases rapidly, and as a result its surface is thrown

into folds and furrows, arranged irregularly. Mesenchymal tissue passes into the interior

of the folds, and also blood capillaries. The folds appear first in the stomach, especially

in the regions of the

curvatures, and later

in the duodenum and
small intestine, and
then in the large in-

testine, where they are

formed first in the

rectum and last in the

vermiform process. In

the stomach the folds

are arranged so as to

surround small isolated

depressions, which
afterwards become the

foveolse gastricaj. In

the small intestine

isolated elevations are

found, in place of con-

tinuous folds, and at a

later stage new eleva-

tions are formed be-

tween the primary ones.

The figure to the right shows the rotation of the intestinal loop around the These papillary eleva-
superior mesenteric arterj". In both figures the parts are supposed to be fJQpg form the villi
viewed from the left side. t ^i ^ i. i.-

In the large nitestme,

the arrangement resembles that in the stomach. The glands of the stomach and

intestine, viz., the gastric and duodenal glands, and the intestinal glands in the small

intestine are formed by an active proliferation of the epithelium at the bottom of the

furrows, and at first the cells forming them are everywhere of a similar character, and

CEsophagus

Stomach
Spleen

Ventral mesentery

Liver

Ventral mesentery

Bile-duct
Stomach

Superior mesen-_^

terie arterv"

Csecuin

Inferior mesenteric artery

Rectum

Diaphragm
Spleen

Line crosses
mesogastrium

Pancreas
Superior mesen-
teric artery

Duodenum

Colon

Inferior mesen-
teric artery

Rectum

/ The mesentery

Aorta

Fig. 972.—T\vo Diagrams to illustrate the Development of the
Intestinal Canal.
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become differentiated later on. In the stomach the formation of the glands begins
about the end of the third month.

The intestinal glands of the large intestine represent merely furrows between adjacent
elevations, and are not due to an activo proliferation of cells at the base of the furrows,
and hence a distinction may be drawn between the two, and be expressed by using the
term intestinal glands for the ilepressions of the small intestine and intestinal follicles for

those of the large intestine.

According to v. Nagy, whose description has been followed aljove, the glandular
epithelium of the gastric glands begins to assume its differentiated form in different parts,

i.e. cardiac and j)yloric glands, towards the fifth month of development.

Caecum and Vermiform Process.—The caecum first appears in the embryo, at about
the fifth week, as a small outgrowth of the wall of the primitive gut (midgut), not
yet differentiated iuto small and large intestines. At this time the outgrowth is of the

Veil. cav. inf.—

Diaplini^'in (cut)-—

Fossa for livi'i

Gl. suinarenal

V. cava inferior

V. porta'

Pylorus

Duodenum

Flex, coli 'I '

'

Colon asii 1,

Mesenteriuni (out)

Ileum

Csecum-

Mesenteriolum proc.

-

verm.
Spina iliaca ant. sup.

'

Processus vermiformis

Right iliac fossa

Vesica urinaria (cut)

~ Perioarcliuiti

- Omentum minus

-» Curvatura minor

T» . Vessels in omentum minus
rri Spleen

J
A. liepatica iirojaia

Incisura angularis

Pars pylorica

Lig. gastro-colicum (cut)

Mesocolon transversum

Loop of colon transversum

Colon transversum

"V. cava inferior

Pelvic mesocolon

Loop on iliac colon

Ureter

Pelvic colon

A. umbilicalis

Fig. 973.

—

The Abdominal Visceka in the Aewly Born Child. The liver and the jejunum and ileum

have been removed. The vertical stomach, the large supra-renal glaud, the high positioa of the ca>ciim,

and the whole arrangement of the large intestine are typical of the condition found at birth, and differ,

as can be seen, largely from the adult condition.

same size throughout, and is practically equal to the intestines in diameter. About the

eleventh week, whilst the large and small bowels are still of the same width, it has

increased very considerably in length (being equal to about five times the diameter of the

small intestine, and thus being relatively as long as in the adult) ; but even at this early

date the basal portion, for about one-fifth of its length, is quite as wide as the intestine,

whilst the remaining four-fifths of the outgrowth—the future vermiform process—is only

about one-half or one-third the diameter of the gut. From this it is seen that the distal

portion of the outgrowth, which subsequently becomes the vermiform process, begins to

lag behind even at this early period of its development.

The basal portion continues to expand with the gut ; the distal part grows rapidly

enough in length, but otherwise enlarges very slowly, so that, towards the end of fa-tal

life, the crecum has attained a conical shape, the wider end joining the ascending colon,

the narrow end tapering gradually and passing into the vermiform process. This form,

known as the infantile type of caecum, is retained for some time after birth, or even may
(in 2 or 3 per cent, of cases) persist throughout life.

As early as the sixth or seventh month of foetal life the wall of the terminal portion

of the small intestine adheres to the medial side of the caecum for some distance below the

ileo-csecal orifice. And that connexion, which is rendered more intimate by the passage
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of two folds of peritoneum, one on the front, the other on the back, between the two
parts, profoundly modifies the subsequent growth of the caecum, and determines very

largely its adult form. For, when the csecum begins to expand, the medial aspect is

prevented, by its connexion with the termination of the ileum, from enlarging as freely

as the rest of the wall ; in consequence of this the lateral part grows and expands much
more rapidly, producing the lop-sided appearance already referred to, and soon comes to

form the lowest part or fundus of the caecum, and the greater part of its sac ; whilst the

original apex, with the vermiform process springing from it, anchored, as it were, to the

end of the ileum, is thrust to one side, and finally lies on the medial and posterior aspect

of the caecum, a little way below, and usually posterior to, the end of the ileum.

The position of the caecum varies at different periods of foetal life. About the eleventh

or twelfth week it lies immediately beneath the liver, and to the left of the median plane

;

it then gradually travels to the right, crossing the descending part of the duodenum, and
is found lying on the right side, just beneath the liver, at the fourth month. From there

it descends slowly to its adult position, which it usually approaches towards the end of

foetal life, but it may not actually reach it until some time after birth. An imperfect

descent gives rise to the lumbar position of the caecum, or an excess in this direction to

the pelvic position (referred to on p. 1213).

Rectum.—The rectum and anal canal are formed from the posterior portion of the

hindgut, and from the proctodeum.

The primitive closed cloacal portion of the hindgut becomes divided by a vertical

septum into ventral and dorsal portions. The ventral, with the allantois growing from

it, forms the sinus urogenitalis, the dorsal forms the rectum.

The proctodeum is separated from the rectum by the proctodeal membrane, but that

membrane disappears, and thus the rectum comes to open on the surface.

The rectum and anal canal at first form a single continuous straight tube, which

passes downwards in front of the comparatively straight anterior surface of the sacrum

to the anal orifice.

That is the condition which the parts present at birth. After birth, the bony pelvis

undergoes great enlargement. The sacrum and coccyx become curved, and the antero-

posterior diameter of the pelvis minor increases very considerably.

The urinary bladder and, in the female, the uterus—both organs at birth lying mainly

in the abdomen—descend into the pelvis minor. The anal orifice appears to be moved
further forwards in the perineum, through the bending of the sacrum and coccyx, and
the rectum is pushed back into the hollow of the sacrum. Hence the " flexura sacralis

"

is formed.

The "flexura perinealis" is formed by the junction of th'fe curved rectum with the

straight vertical or backwardly directed passage formed by the intestine as it passes

through the tissues of the pelvic floor.

The increase in the thickness of the pelvic floor gives to the anal canal the length

which it attains in the adult.

Development of the Peritoneum.

At first the primitive alimentary canal is suspended from the dorsal wall of the

embryo, along the median plane, by a simple dorsal mesentery, which extends along the

whole length of the tube, and is common to all its divisions—a condition found in the

adult stage of many reptiles. There is also present, in the upper part of the cavity, after

the stomach and liver descend into the abdomen, a ventral mesentery (Fig. 972), which

connects the stomach and duodenum to the back of the liver, and, passing on, connects

the front of the liver to the anterior abdominal wall and diaphragm. The portion of this

ventral mesentery, between the stomach and liver, becomes the lesser omentum; its

anterior portion, between the liver and the abdominal wall, forms the falciform ligament

(Fig. 972) ; and, in its inferior margin, the umbilical vein runs from the umbilicus to

the liver.

The portion of the dorsal mesentery lying behind the stomach is known as the

mesogastrium. At first it is relatively short; but with the growth of the posterior

wall of the stomach, and the turning of that organ over on its right side, the meso-

gastrium becomes elongated, and is folded on itself, forming more or less of a pouch,

directed downwards and to the left. The wall of this pouch becomes in part the greater

omentum, and the cavity enclosed by it forms the greater part of the omental bursa.

In the rotation of the stomach and the accompanying passage of the lesser omentum from

an antero-posterior to a more or less transverse direction, a portion of the cavity of the
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abdomen is, as it were, caught in behind the stomach and lesser omentum. This portion
of the cavity becomes the upper part (vestibule) of the omental bursa, and at first it

communicates with the general cavity by a wide opening to ilw. ritrht of the li-sspp

omentum ; but the growth
of the liver, encroaching stomacii

upon the opening, and
other causes, reduce it to

a relatively small size,

and it forms the foramen
epiploicum in the adult.

The greater omentum
is, as pointed out above,

a bag-like growth of the

lower part of the meso-

gastrium, which passes

downwards and to the left

in front of the transverse

colon. As shown in Fig.

975, A and B, it is first

entirely unconnected with

the transverse colon and
mesocolon ; but about the

third or fourth month it

becomes united to both,

and the adult condition is

established (Fig. 975, C).
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Fio. 974.—Two Diagrams to h.lusthate thk Development of the

In

Mesesteuiks.

the first figure the rotation of the intestinal loop and the continuous

primitive mesentery is sliown. In the .second figure (to the right),

which shows a more advanced stage, the portions of the primitive

mesentery (going to tlie ascending and descending colons) wldch dis-

appear, through their adhesion to the posterior abdominal wall, are

shaded dark ; the portions which persist are lightly shaded.
It would appear that

the growth of the inferior

part of the omental bursa,

and of the greater omentum, is primarily due to a proliferation of the cells over a limited area

of the mesogastrium, and a resulting folding of this layer downwards and to the left.

In the upper part of the mesogastrium the spleen is developed, and the portion of

this fold which intervenes between the stomach and spleen forms the gastro-lienal

ligament, whilst the part

behind the spleen becomes
the lieno-renal ligament.

Of the primitive mesentery,

the portion connected with the

stomach— the mesogastrium
— becomes modified in the

manner just described. The
next division— the meso-

duodenum— disappears com-
pletely, owing to the turning

over of the duodenal loop

on to its right side, and its

subsequent adhesion to the

posterior abdominal wall, ac-

companied by the absorption
Di.vGRAMs TO illustrate THE DEVELOPMENT OF THE
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teries of the small and large
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-^^^^^-^^^ ^^^ Continuous at
the transverse mesocolon ; in B, the two come m contact ;
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C, they have fused along the line of contact. (According to Lock- nrst (tig. J t 2). When the

wood, the two layers of the fold shown in A, running in between rotiVtion of the intestinal loop
the greater omentum ami transverse mesocolon, instead of fusing, as tilkes place around the superior
shown in B are drawn out-unfolded -producmg t^e condition

j^^^gg^t^.j^ ^^.^^^^ (g^^ j^bo^^j
shown in C.) A. stomach ; B, tr.insverse colon ; C, small intestine

;
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D, duodenum ; E, pancreas ; F, greater omentum ; G, placed in the begnnnng of the large

great sac ; H. in omental bursa. intestine, with its mesentery,

is carried to the right across

the duodenum, and a fan -shaped portion of the general mesentery, lying within the

concavity of the loop, is partially cut off; this, later on, forms the mesentery proper

in the adult. At first it is continuous by its right border with the mesentery of the

A,
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ascending colon, a pai-t of the primitive mesentery (which is similarly continvied into

the mesentery of the transverse, descending, iliac, and pelvic colons). Subsequently, as

shown by the darkly shaded parts in Fig. 974, the back of the mesenteries of the ascend-

ing, descending, and iliac portions of the colon adheres to the posterior abdominal wall,

and these mesenteries become lost ; whilst the mesenteries of the transverse and pelvic

portions of the colon remain free, and persist in the adult, "'t^f , im 'u-rl^!!^/

/

At the same time, the mesentery proper (which was at first attached only at its

narrow neck, between the duodenum and transverse colon, and below this was continuous

on the right with the ascending mesocolon) now acquires a new attachment to the

posterior abdominal wall through the absorption of the ascending mesocolon (Fig. 974),

and the adult condition is attained.

Development of the Liyer and Pancreas.

The glandular tissue of the liver and pancreas, and the epithelial linings of the ducts

of these organs, including the gall-bladder and cystic duct, are formed from protrusions of

Interlobular
y veins "^

'and ducts

Bile-ducts

Fig. 976.

—

Diagram illustrating the arrangement of the blood-vessels (on left) and of the hepatic cells and
bile-ducts (on right) within a lobule of the liver. The first diagram shows the interlobular veins

running around the outside of the lobule, and sending their capillaries into the lobule to join the central

vein. In the second diagram the bile capillaries are seen, with the hepatic cells between them,

radiating to the periphery of the lobule, where they join the interlobular bile-ducts.

the endothelial wall of the foregut, below the stomach. The connective tissue framework

of the glands is formed from the mesodermic tissue into which the protrusions grow.

The process of formation is as follows :

—

1. Liver.—A longitudinal groove appears on the interior of the ventral wall of the fore-

gut, close to its union with the midgut, at about the third week. This groove appears on

the external surface of the gut as a projection, which rapidly increases in size and grows

forwards and upwards towards the lower part of the septum transversum. This septum
is a mass of mesodermic tissue which lies in front of the foregut, just below the heart,

and which is attached to the anterior and side walls of the trunk. It conveys the

umbilical and vitelline veins as they pass to the sinus venosus.

The liver bud grows into the lower (caudal) portion of the septum transversum, and
sends out strands of cells termed trabeculse, which come into contact with the vessels in

the septum, and enclose them.

By the growth of capillary vessels, from the vitelline and umbilical veins, and of the

trabeculte, a spongy network is produced, the framework of which is formed by branching

and anastomosing trabeculso, while the spaces of the network represent portions of the

lumen of the vessels, and are filled with blood. This form of vascular network is known
as a " sinusoidal circulation."

The trabeculse become hollowed out, and are reduced in size, so that eventually a

minute channel is formed in the centre of each of them, surrounded by a single layer of

cells. The lumen of the channel forms a bile capillary, and the cells surrounding it form
the secreting cells of the liver lobule.

The bile capillaries of adjacent trabeculse meet and unite, and converging together
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Fig. 977.- -Two Diagrams to illustrate the Development of the
Intestinal Canal.

coiLstitute the bile-ducts within the Ifver. Adjacent trabecuhe become arranged into the
form of a lobule, each with a vascular channel in its interior, which communicates with
the vascular network in the surface of the lobule by capillary intervals between adjacent
trabecula;.

The central vein becomes a tributary of a hepatic vein, and the capillary network
becomes the terminal

distribution of branches
of the portal vein.

The proximal portion

of the original hollow

diverticulum becomes
the bile-duct, and the

gall-bladder and cystic

duct are formed by an
evagination from it.

As the liver increases

in size, it begins to pro-

ject down from the in-

ferior part of the septum
transversum into the

ventral mesentery, so

that now, instead of

being situated within the

septum, it looks like an
appendage of its inferior

surface. In other words,

the septum begins to

differentiate into two ^, ^ , , ,

_„_^_ „„ mfprinv tliP
^'"'® ^° *"^ '"'S'*' snows the rotation of the intestinal loop around thepditb ciii mieuoi, uie superiormesenteric artery. In both figures the parts are supposed to be

liver, and a superior, viewed from the lett side.

which constitutes the

greater portion of the diaphragm, both of these having been at first one continuous mass.
In the course of development the separation of the two becomes more marked, and finally

is complete everywhere except at the coronary and lateral ligaments behind, and at the
falciform ligament in front, where they are still connected.

As the liver separates off from the future diaphragm, and descends into the abdomen,
it lies between the layers of the ventral mesentery—a fold which connects the stomach

and duodenum with the anterior abdominal wall.

This is divided by the liver into two parts— a
lower, stretching from the front (lesser curvature)
of the stomach to the liver, which becomes the

i-stomaeii lesser omentum ; and an upper, stretching from
the liver to the diaphragm and anterior wall of

the abdomen, which forms the falciform ligament.
2. Pancreas.—The pancreas is developed at

a very early period in man (being present in

embryos of 5 mm.) from two outgrowths from
the alimentary canal, a dorsal and a ventral.

The dorsal rudiment is an outgrowth from
the dorsal aspect of the intestine, anterior to the
origin of the hepatic outgrowth. The ventral
rudiment grows at a later stage from the root
of the hepatic bud in the form of two ventral
offshoots, one on either side. That on the left

side, however, soon disappears.

Through the rotation of the duodenum around
its long axis, the dorsal and ventral rudiments

approach one another and become fused, and their ducts open on the left side of the
duodetuxm. The connecting stalk between the ventral rudiment and the hepatic bud
becomes the main duct of the pancreas, while the connexion of the dorsal outgrowth
with the duodenum remains as the accessory pancreatic duct. In embryos of the fifth
week, a large dorsal pancreatic rudiment is present, and also a smaller ventral rudiment,
which opens into the duodenum in common with the bile-duct, and lies on the right of

Hepatic ducts

Gall-bladder

•Duodenum

Fig. 978. -Diagram of the Origin of the
LivKR AND Pancreas.
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the vena portce. In the sixth week, these two rudiments meet and unite with one

another, forming a long slender glandular mass which passes backwards within the dorsal

mesogastrium (meso-duodenum), between the vertebral column and the greater curvature

of the stomach. The pancreas, so formed, follows the changes which occur in the position

of the stomach and of the dorsal mesogastrium. Consequently its free dorsal extremity

comes to be directed to the left, while the right extremity or head is included within

the hollow of the curve formed by the duodenum. At first, it possesses a dorsal mesen-

tery, a part of the dorsal mesogastrium, but from the fifth month this disappears,

coincidently with the rotation of the gland into the transverse axis of the body.

The lower part of the head, the body, and tail of the gland arise from the ventral

element, and the upper part of the head arises from the dorsal bud.

The primary diverticula give off buds, lined with cylindrical epithelium, and these in

turn give off other buds, and the process goes on until the mass of the gland is formed.

The islets of Langerhans are formed at a very early stage, from the entodermal lining

cells of the branching diverticula which form the gland acini.



THE URO-GENITAL SYSTEM.
By a. Fkancis Dixon.

THE URINARY ORGANS.

The kidneys, or glands which secrete the urine, are a pair of ahnost symmetric-
ally placetl organs, situated in the posterior part of the abdominal cavity, one
on each side of the lower movable portion of the vertebral column. The fluid,

or urine, secreted by the kidneys is received into the upper expanded portions of

a pair of lung tubes, the ureters, and by them it is conducted to the bladder,

which is placed within the pelvic cavity. From the bladder the urine is passed,

during micturition, along a passage called the urethra to the exterior. In the

male the urethra is a relatively long passage, and traverses the prostate gland and
the whole length of the penis ; in the female it is a short tube, and opens on the

surface just above the vaginal orifice.

THE KIDNEYS.

The kidney (ren), when removed from a fresh subject, presents a bean-shaped
contour. It is of a dark brown-red colour, and is surrounded by a thin glistening

capsule, the tunica fibrosa, which gives to the whole organ a uniformly smooth
surface. The kidney is not a solid body, but contains a cavity called the sinus

renalis, the opening into which, termed the Mlum renale, is situated on the medial
and anterior part of the organ. Each kidney measures about 4i inches in length,

2 inches in width, and about 1^ inches in thickness, and is placed so that its

long axis is nearly vertical. The weight of the adult kidney is about 4^
ounces. In the freshly removed kidney the superior and inferior ends are

smoothly rounded, and the extremitas superior or superior end is usually a little

more bulky than the extremitas inferior or inferior end. The margo lateralis or

lateral border, which is opposite the hilum, is rounded and convex, while the

margo medialis or medial border, on which the hilum is placed, is concave from above
downwards. These two borders separate the fades anterior or anterior surface

from the facies posterior or posterior surface of the kidney.

The capsule, which envelops the whole organ, divides in the region of the

hilum into two layers, one of which is continued over the lips of the hilum
into the interior of the kidney, and lines the walls of the renal sinus.

The other layer is prolonged to form a tubular sheath for the vessels and nerves

of the kidney before they pass through the hilum to enter the sinus, within

which they break up into branches. These branches, piercing the waU of the

sinus, enter the substance of the kidney. The upper expanded portion of the

ureter leaves the sinus, through the hilum, in company with the blood-vessels and
nerves.

Position of the Kidneys.—The precise level of the kidney in the abdominal

cavity is subject to a considerable amount of variation, and, further, it is usual to

find a difference in the level of the right and left kidney in the same individual.

Most frequently the left kidney is on a somewhat higher level than the right,

but in many cases the kidneys are found to occupy the same level, or, the more
usual condition being reversed, the right kidney is a little higher than the left.

1257
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If a line is drawn round the body at the level of the lowest part of the thoracic

wall, the whole, or almost the whole, of the left kidney will be found to lie above

the level of the subcostal plane so determined. It is, therefore, situated in the

subcostal zone of the abdominal cavity. The right kidney, however, although it

lies for the most part in the subcostal zone, usually projects at its inferior part

somewhat below the subcostal plane, and hence lies to some extent in the umbilical

zone. It is often stated that the kidneys are placed on a somewhat lower level

in the female than in the male subject.

By far the greater part, usually two-thirds or more, of the kidney lies to

the medial side of a line drawn vertically upwards through the middle point of

the inguinal ligament.

The posterior aspect of the kidney is closely applied against the muscles

attached to the bodies of the last thoracic and upper three lumbar vertebrae, and is

placed in front of the last rib and of the transverse processes of the upper three
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mesenteric vein

Fig. 979.

—

Dissectiox to show the Relationships of the Kidneys. Tbe greater part of tlie stomach

has been removed by an incision made close to the pylorus. The transverse colon has been taken away
and the small intestine has been cut across close to the duodeno-jejunal flexure.

A model prepared by the late Professor Birmingham has been made use of in this drawing.

lumbar vertebrae. In some cases, more frequently on the left side of the body,

the eleventh rib also lies behind the upper part of the kidney. The relationship

of the kidney to the lower two ribs is, however, very inconstant, owing partly to

the great variability in size and inclination of these bones.

The inferior end of the kidney is usually situated from 1| to 2 inches above the

highest part of the crest of the ilium ; the interval between the kidney and the

ilium being usually greater on the left side of the body.

Sometimes the inferior end of the kidney lies on the same level as, or only a

short distance above, the iliac crest ; this condition is sometimes due to the crest

rising to a higher level than usual, the kidney occupying its normal position in

relation to the vertebral column. It is important to remember that during life

the kidney moves upwards and downwards, following the respiratory movements
of the part of the diaphragm against which it rests.

The long axis of each kidney is somewhat oblique, its superior end approaching
nearer to the median plane than the inferior. The surface of the kidney which
is applied against the muscles forming the posterior wall of the abdomen looks.
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as a whole, backwards and medially, and that which projects into the abdominal
cavity looks forwards and laterally. Hence it hapj^ns that the lateral border lies

on a more posterior plane than the medial border. The kidney is rotated in this

manner on its long axis to such a degree that the medial margin and hilum are

scarcely visible from behind, and only a limited \'iew of the lateral border can be

obtained from the front (Figs. 979 and 980).

The kidneys are placed behind the peritoneum, and project into the posterior

part of the abdominal cavity. Each is surrounded by a considerable amount of loose

tissue, often loaded with fat ; the fatty tissue, or capsula adiposa, l>eing present

in greater quantity round the margins of the kidney, and only to a less extent in

front of and behind the organ. The renal ves.sels and nerves lie in this fat Vjefore

they enter the kidney, and the adipose tissue is continued, along with the vessels,

through the hilum into the renal sinus, where it fills up all the space unoccupied
by the vessels and nerves.

Embedded in the soft fatty tissue surrounding the kidney is a layer of fibrous
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Fig. 980.

—

Transvekse Section through the Body of a Child. The position and relationships of the

kiilneys are well seen, and the arrangement of the fascia renalis is indicated. The fascia is coloured greeu.

tissue to which the term fascia renalis is applied. This fascia surrounds the

kidney and a considerable amount of its fatty capsule in the form of a loose

sheath, in which may be distinguished anterior and posterior walls. The sheath

is open inferiorly and medially, but closed above and to the lateral side of the

kidney by the apposition of its walls. Laterally, the anterior and posterior

walls of the sheath come into contact and are connected with the retro-peritoneal

tissue. Medially they remain distinct, and the anterior wall is continued across

the median plane, in front of the renal vessels and the aorta, to join the correspond-

ing layer of the opposite side, while the posterior wall fuses with the fascia

covering the psoas and quadratus lumborum muscles. Inferiorly, below the level

of the kidney, the anterior and posterior layers of the renal fascia remain

separate, and can be traced downwards into the iliac fossa. Above the level of

the kidney and the suprarenal gland the layers of the renal fascia unite and

join the fascia covering the diaphragm. It has been suggested that the terms
" tunica adiposa " and " perinephric fat " should be restricted to the loose fatty

tissue enclosed along with the kidney within the sheath of renal fascia, and that

the term " paranephric body," or " fat," should be used to denote the tissue outside the

sheath. The fibrous capsule of the kidney is joined to the loose sheath formed by
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the renal fascia by numerous connective tissue strands. These traverse the peri-

nephric fat and undoubtedly assist in fixing the kidney in its place. The paranephric

fat is present in greatest quantity behind the inferior part of the kidney, and in

this position the layer of fibrous tissue, separating the two masses of fat and

forming the posterior layer of the sheath of renal fascia, is usually well marked.

Fixation of the Kidney.—The kidney is not held in its place by any distinct

ligaments, or special folds of peritoneum, but its fixation depends, to a large

extent, on the pressure and counter-pressure which is exerted upon it by neigh-

bouring structures, and on its connexions with the fascia renalis above described.

Posterior Relations and the Posterior Surface of the Kidney.—The muscles

of the posterior abdominal wall on which the kidney rests are the psoas major, the

Pleura

Iliac crest
niac crest

Fig. 981.

—

The Posterior Relatiun«hu'8 of the Kidneys. Tlie dotted lines indicate the contours of the

kidneys. The drawing is made from a model prepared by the late Professor Cunningham.

quadratus lumborum, the diaphragm and the tendon of the transversus abdominis.

The abdominal surfaces of these muscles do not lie on the same plane, but slope

towards one another, and thus the bed on which the kidney rests is not flat. When
but little fat is present, the posterior aspect of the kidney adapts itself to the

inequalities of the surface against which it is placed, and so we may find on a

kidney which has been carefully fixed and hardened before it has been disturbed,

areas marked off for the different planes of these muscles. When such a kidney is

in position, slight ridges or elevations separating these areas correspond to the

angles along which the different muscular planes meet. These ridges can be

observed in the hardened kidney, after its removal from the body, but usually

they are not sharply defined, the angles between the muscular planes being

very obtuse.

A kidney removed from the body after having been hardened in situ (Fig. 982)
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presents an area along the medial part of its posterior surface adapted to the

anterior aspect of the psoas major muscle. This part of the posterior surface

looks medially and slightly posteriorly. More laterally there is a larger area

which rests against the qmidratus lumborum and looks more directly backwards.
These two areas are separated by a rounded ridge which fits into the angle be-

tween the muscles mentioned. Beyond the area in contact with the quadratus
lumborum is the thick lateral border of the kidney, which rests for the most
part on the tendon of the transversus abdominis and on the diaphragm.

Towarils the supijrior end of tlie kidney the posterior surface; slopes somewhat
forwards and rests upon the dia])hragm. Indeed the superior part of the kidney

is, as a whole, bent slightly forwards, following that part of the arch of the

diaphragm on which it rests, and thus a narrow interval is left, in which the pleural

cavity passes down behind the superior end of the kidney (Fig. 981). This relation-

Area for cms of
diaphragm

Area for

quadratus
lumborum

Area for psoas is •

major ^
b

Area for psoas ! j

major

Flu. 982.

—

The Posterior Aspect op the Kidneys. Same specimeu as Fig. 981. The dotted lines mark
out the areas in contact with the various muscles forming the posterior abdominal wall.

a. Depression corresponding to the transverse process of the first lumbar vertebra.

b. Depression corresponding to the transverse process of the second lumbar vertebra.

c. Depression coiTesponding to the twelfth rib.

ship of the pleural cavity to the kidney is of great importance in connexion with

surgical operations performed through a lumbar incision. The portions of the

diaphragm to which the kidney is applied are the crus and the parts arising from

the last rib and lumbo-costal arches.

The posterior relationships of the kidney are well seen in Fig. 981.

In addition to these surfaces, or " facets," for the muscles with M-hich it is in contact, the

posterior aspect or lateral border of the kidney often shows a groove for the last rib, another for

the lateral lumbo-costal arch, and two or three depressions for the tips of the transvei-se processes

of the upper two or three lumbar vertebraj. In some cases aL^o faint narrow grooves are to be

seen for the nerves which pass downwards and laterally between the kidney and quadratus

lumborum—namely, the last thoracic nerve and the ilio-hypogastric and ilio-inguinal nerves.

It is probable that some at leastof the depressions on the posterior aspect of the kidney are

produced after death, and are caused by the weight of the other abdominal organs pressing the

kidney backwards against the more resisting structures of the alxlominal wall, at a time when
the muscles behind the kidney have become flaccid. When much fat is present the posterior

aspect of the kidney is more uniformly convex.

The lateral border in its middle and inferior part is rather a surface than a

border, and looks for the most part directly backwards. It rests on the diaphragm
and on the anterior surface of the tendon of the transversus abdominis, to the
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lateral side of the quadratus lumborum muscle. The lateral border is narrowest
above, and widest just below its middle point, corresponding to the greater

thickness of the kidney at this level.

In many ways it would be more satisfactory to apply the term fades muscularis

or muscular surface collectively to the areas above described as "posterior surface"
and " lateral border "

; in like manner the term facias visceralis, or visceral surface,

might be suitably applied to the so-called anterior surface of the organ. The edge
separating the visceral from the muscular surface is the actual lateral edge or

border of the kidney.

Anterior Relations and the Anterior Surface of the Kidney.—The anterior

relations of the kidneys not only differ on the two sides of the body, but also many
Inferior vena cava

Right inferior phrenic artery

Right suprarenal gland i

Right renal vein

Genito-femoral nerve
Right ureter ',

Internal spermatic vein
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CcBliao artery

j
Superior mesenteric artery

Left crus of diaphragm

. Medial lumbocostal arch

Diaphragm
Psoas major

Lateral lumbo-costal arch

Quadratus lumborum

Trans versus-Abdominis

Lateral cutaneous nerve of thigh '''.'':
\
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External iliac artery j : i 1

External iliac artery

Hypogastric artery • i
' Hypogastric artery

Common iliac artery ;

Internal spermatic artery Inferior mesenteric artery

Vic. 983.—Dissection to show the Relationships of the Kidneys and of the Uketeks

TO the Muscles ok the Postekiok Abdominal Wall.

of the structures related to the anterior surface of each kidney undergo frequent

changes in position during life. Hence it is not possible to give more than a

general account of the anterior relationships of the kidneys.

Right Kidney.—A small area on the superior part of the anterior surface of

the right kidney is in relation to the corresponding suprarenal gland (Fig. 983).

The rest of the superior part of the anterior surface is in contact with the visceral

surface of the liver, which is often hollowed out to form a fossa for the kidney.

The suprarenal gland is b(jund to the kidney by connective tissue, while the

part of the kidney in relation to the liver is, like the liver itself, covered by
peritoneum, and thus the two organs, although closely applied, are really separated

by a part of the general peritoneal cavity. Immediately anterior to the inferior end
of the right kidney are usually found two parts of the alimentary canal—namely,
the descending part of the duodenum and the right flexure of the colon, or the
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commencement of the transverse colon. The part of the kidney related to the
duodenum lies to the medial side of the area which touches the colon, but the exact
amount of the kidney in contact with each of these two parts of intestine varies

much in diiferent sul»jects. Frequently the colon and the kidney are botlj covered
by peritoneum where they are in contact, but the duodenum is bound down to the
kidney by connective tissue. In addition to the structures mentioned, some portion
of the ileum, or of the jejunum, is often found in contact with a small part of the
right kidney near its inferior end.

In some cases the peritoneal membrane does not cover the whole of the surface

in contact Ndth the liver, and then the superior part of the hepatic area of the
kidney is, like the anterior aspect of the suprarenal gland, Itound by connective
tissue to the " uncovered " area on the posterior aspect of the liver.

Suprarenal area Suprarenal area

Oastric area

Splenic area

Hepatic area

Duoilenal area

Colic area

Crista iliac.i
Crista iliaca

Fig. 984.

—

Anterior Aspect ok the Kidneys and Great Vessels. The drawing was made, before

removal of the organs, from a specimen in which the viscera had been hardened in situ. The dotted lines

mark out the areas which were in contact with the various other abdominal viscera.

Left Kidney.—The extreme superior and medial part of the anterior aspect of

the left kidney is united by connective tissue to the lower part of the left supra-

renal gland, and the area immediately below this is in contact with the stomach

and the pancreas. The pancreas, like the suprarenal gland, is bound down to the

kidney by connective tissue, but the stomach is separated from the area with which

it is in apposition by a portion of the omental bursa. The area in actual contact

with the stomach is a small somewhat triangular district situated above the level

at which the pancreas is related to the kidney. The superior and lateral part of the

anterior aspect of the kidney is related to the spleen, the two organs being separated

by a portion of the general peritoneal cavity, except along the area where spleen

and kidney are connected, by the lieno-renal ligament. The anterior surface of

the inferior end of the left kidney is related, towards the medial side, to a part of

the jejunum, and, towards the lateral side, to the left flexure of the colon or to a

part of the descending portion of the colon. In most cases, however, the colon

lies against the posterior abdominal wall to the lateral side rather than on the

anterior surface of the left kidney.
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The right and left colic arteries, or their branches, as they pass laterally to reach the

colon, are often related to the anterior aspects of the corresponding kidneys. The splenic

vessels pass laterally in front of the left kidney (Fig. 979).

The anterior surface of a kidney which has been hardened in situ is, like the

posterior surface, not uniformly rounded, but marked, by a series of impressions

corresponding to the different structures which lie in contact with it. In the case

of each kidney, the most prominent region on the anterior surface lies below the

level of the middle of the kidney, and corresponds to the thickest part of the organ.

Erom this promin-
ence on the anterior

surface a series of

more or less flattened

planes slope away to-

wards the borders of

the kidney. These
flattened areas are the

impressions formed
by the viscera which
lie on the anterior

surface of the
kidney.

In the case of the

right kidney, three

impressions can usu-

ally be distinguished

on the anterior sur-

face. One occupies

the whole of the

upper part of the

organ, and is known
as the impressio he-

patica ; another
stretches from the

most prominentpoint

to the inferior end. of

the kidney, and is

related to the colon

;

while the third ex-

tends along the
medial margin, below

the hilum, and is in

contact with the
second part of the

duodenum (Fig. 979).

The relative sizes of these three areas or impressions vary much in different specimens.

On the left kidney, also, three more or less defined, flattened impressions slope

towards the borders of the organ from the most prominent part of the anterior

surface. One of these, on the superior and lateral part of the kidney, is the splenic

impression ; another, extending downwards to the lower end of the kidney, is for

the jejunum, or for the' jejunum and colon ; the third, above and in the region of the

hilum, is called the impressio gastrica, and corresponds to the position of the over-

lying stomach. Only a small portion of this impression is in direct contact with

the stomach, since the pancreas and a part of the suprarenal gland intervene

between the stomach and the kidney (Fig. 979).

It is common to find the left kidney tliicker and less flattened antero-posteriorly than

the right, the impressions, or "facets," upon its surface being at the same time better

marked. With this probably is to ha associated the fact that floating kidney is more
rarely met with on the left than on the right side of the body.

Branch of renal
artery

Pyramid

Radiate part ["medullary rays "] of cortex

Fig. 985.

—

Longitudinal Section through the Kidney.

The vessels and fat have been removed to give a view of the wall of the kidney
sinus. The points where the vessels enter the kidney substance are seen as

holes in the sinus wall.
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Extremities of the Kidney.—The kidney, fixed and hardened in situ, is usually
more poiuLed at its inj'triur tlian at its superioi' end. The latter is wider from
side to side, and often somewhat flattened from before backwards. Tlie superior
end of the kidney i.s bent somewhat forwards and rests upon the diaphragm, which
separates it from the inferi(tr part of the ])leural cavity.

Sinus Renalis.—The sinus of the kidney (Fig. 985), into which the hilum opens,
is a narrow space, having its long axis corresponding to tliat of tl»e kidney. The
thick walls of the sinus cavity are formed by the substance of the kidney, and are lined

by a part of the fibrous kidney capsule which enters the sinus over the lips of the
hilum. The floor of the sinus is not even, but presents a series of small projecting
conical elevations called papillae renales, which vary from six to fifteen in number.
Eadiating from each papilla are a number of somewhat raised bars, or ridges, of

kidney substance, separated by depressed areas. The blood-vessels and nerves enter
and leave the kidney by piercing the wall of the sinus where it is formed by these

little depressed areas (Fig. 985). The rounded summit of each renal papilla is

pierced by a number of minute openings called foramina papillaria, which are the
terminal apertures of the secreting tubules of which the kidney is mainly com-
posed. Tliese openings all lie close together, and give rise to the so-called area

cribrosa upon the apex of the renal papilla. The urine secreted by the kidney
escapes through the foramina papillaria into the subdivisions (or calyces) of the
ureter or kidney duct.

Kidney in Section.—Sections through the kidney (Fig. 985) show that it

is composed to a large extent of a nupiber of conical masses, known as pyramides
renales or pyramids. These together constitute the substantia medullaris or medulla
of the kidney, and are arranged with their bases directed towards the surface, and
their apices projecting into the renal sinus, where they form the papillae renales

already mentioned. The pyramids are more numerous than the papillje, two or

three usually ending in each papilla in the middle part of the kidney, and some-
times as many as six or more in each papilla near the superior and inferior ends
of the organ. The bases of the pyramids do not reach the surface of the kidney,
but are separated from it by a thin layer of kidney substance called the cortex,

or substantia corticalis of the kidney. The cortical substance not only covers over
the bases of the pyramids, but also sends in prolongations, called columnae renales

or renal columns, between the pyramids, towards the sinus. The medullary part
of the kidney exhibits in section a striated appearance, while the cortical part is

more granular and usually different in colour. The outer part of each pyramid is

called the basis pyramidis, and appears in section to be composed of alternate

dark and light streaks, while the inner, or papillary part, is often of a lighter colour,

and more uniformly and faintly striated.

In sections of the kidney the larger blood-vessels are seen, after they have
entered the kidney sul)stance, to he between the pyramids ; and some of their

main branches are visible passing across the bases of the pyramids.

In the foetus and young child, and sometimes, though much less distinctly, in the adult,

the surface of the kidney is marked by a number of grooves dividing it into polygonal
areas. These represent the lobes, lobi renales or renicuH, of which the kidney is

originally composed, and each corresponds to one papilla with its pyramids and surrounding
cortical substance.

An examination, with an ordinary pocket lens, of a section through the kidney
shows that the lighter stride of the i:>ases of the pyramids are continued into the

cortex. As they pass through the cortex towards the surface of the kidney the

striae become less distinct, and appear, when cut longitudinally, as separate ray-

like prolongations carried outward from the bases of the pyramids. These parts

of the cortex, which seem, in this way, to be continuations of the medulla,

are called " medullary rays " and constitute the pars radiata ; the portions which
intervene between them form what is known as the pars convoluta or " labyrinth."

The appearance presented by the cortex of the kidney in section varies much
according to the plane in which the section has been taken. If the section

passes through and lies parallel to the axis of a pyramid, the radiate part met

81



1266 THE UEO-GENITAL SYSTEM.

Pars convoluta Pars radiata

Corpuscle of
the kidney

with will appear as isolated streaks directed from the base of the pyramid towards
the surface of the kidney, and separated from one another by narrow strips, or

intervals, of the convoluted part. On the other hand, in sections made at right

angles to the axis of a pyramid, or cutting this axis obliquely, the convoluted
portion of the cortex presents the

appearance of a continuous net,

the meshes of which are occupied
by the radiate parts, and these

latter now exhibit a circular or

oval outline. In a similar manner
sections through the bases of the

pyramids differmuch in the appear-

ances they afford according to the

plane in which they are cut.

KidneyTubules.—The glandular
substance of the kidney is composed
of a vast number of minute tubules,

called tubuli renales or uriniferous

tubules, all of which have an exceed-

ingly complicated course. The wall

of each tubule consists throughout of

a basement membrane and of an
epithelial lining, but the lumen of

the tubule and the character of the

epithelium vary much in its different

parts. Every tubule begins in a thin-

walled spherical dilatation, known as

capsula glomeruli (O.T. Bowman's
capsule), in which a complicated loop

of capillary blood-vessels is contained.

The tuft of capillaries is covered by a

reflection of the delicate wall of the

capsule, and is, as it were, invaginated

into the capsule (Fig. 986). The

Loop of
Henle
Efferent
glomervilar
vessel
Afferent
glomerular
vessel

Glomerulus

Fig.

Capsule

986.

—

Diagrammatic Representation of the
Structures forming a Kidney Lobe.

In the middle part of the figure the course of one of the kidney-

tubules is indicated, and in the lateral parts the disposition

of the larger arteries. A, Cortex ; B, Basal portion

;

and C, Papillary portion of pyramid.
The diagram at the right-hand side of the lower part of the capsules with their encfosed capillaries

figure illustrates the connexions of the structures com- ^^^ ^^^^^^ ^^^ COrpUSCUla ronls or kid-
posing a renal corpuscle. , ^ , ,, , ,

ney corpuscles, and are all placed

in the convoluted portion of the kidney cortex, where they may be recognised as minute
red points just visible to the unaided eye and best marked when the renal vessels are con-

gested. The part of the tubule leading from the capsule

—

Jirst convoluted tubule—is very
tortuous, and lies within the convoluted part of the cortex. Passing from the convoluted

part, the tubule enters a radiate part, in which its course becomes less complicated, and
here it receives the name of spiral tubule. From the radiate part the tubule enters the

basal portion of the pyramid, and, diminishing in diameter, it pursues a straight course

towards the apex of the pyramid, forming the so-called descending limb of Henle^s loop.

Within the apical portion of the pyramid the tubule suddenly bends upon itself, forming
the loop of Henle, and reversing its direction, it passes back again through the base of the

pyramid into the radiate part of the cortex as the ascending limb of Henle^s loop. This
ascending limb exhibits a slight spiral twisting. Leaving the radiate part, the tubule
once more enters the convoluted part of the cortex, where its outline becomes so uneven
that the name irreguhxr tubule is applied to it. While still within the convoluted part,

its contour having acquired a more uniform appearance, the tubule receives the name of

second convoluted tubule ; this latter finally ends in a short junctional tubule, which passes

back into a radiate part of the cortex and joins a collecting tube. Each collecting tube
receives numerous kidney tubules, and pursues a straight course through the radiate part

of the cortex and the pyramid. Finally, several collecting tubes, uniting together, form
an excretory tube, which opens on the summit of a renal papilla into a calyx of the ureter

by one of the foramina papillaria already described. In microscopic sections the various

portions of the kidney tubule may be distinguished by the position which they occupy and
by the character of the lining epithelium.

Connective Tissue of the Kidney,—The tubules and the blood-vessels forming the

substance of the kidney are all united together by a very small amount of connective
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tissue, which completely surrounds each tubule and bhxxi-vessel, and binds it to its

neighbours. It has been found p(jssil)le to obtain an accurate idea of the arrangement of

this connective tissue by submitting thin sections of the kidney to the action of certain

digestive fluids. When this is done the tubules and blood-vessels are removed, and the
connective tissue stroma is left behind. The connective tissue thus revealed is seen to

form a continuous network, the spaces in which faithfully reproduce the outlines and
the arrangement of the kidney tubules. The network of the stroma is continuous with
the capsule of the kidney.

Vessels of the Kidney.^The renal artery conies directly from the aorta, and is

very large in pn){)ortion to the size of the organ to which it conveys bUxxl. Its main
branches, as they approach the kidney to enter the hilum, lie between the tributaries of

the renal vein in front and the ureter behind. Within the sinus of the kidney the

branches of the renal artery beconae arranged in a dorsal and a ventral group, the doi*sal

vessels lying behind, the ventral ones in front of the subdivisions of the ureter. The
ventral group of vessels supplies the part of the kidney which forms the anterior and
lateral walls of the sinus; the distribution of the dorsal group is for the most part

restricted to the portion of the kidney which lies behind, and to the medial side of

the sinus.

Entering the substance of the kidney in the manner described above (p. 1 265), the larger

arteries lie in the intervals between the pyramids, and are called the arteriae interlobares

renis or interlobar arteries. These vessels dividing, form a series of incomplete arterial

arches, the arteriae arcifonnes, which pass across the bases of the pyramids. Although
we speak of arterial arches, it must be iniderstood that no anastomosis between the

branches of the interlobar arteries actually takes place, but that each artery which
enters the wall of the kidney sinus has an isolated distribution and possesses the
characters of an "end artery." Each arterial arch gives off a number of vessels which
pass through the convoluted part of the cortex towards the surface of the kidney. These
are known as the arteriae interlobulares, and lie at very regular intervals. From them a
number of short branches arise, termed vasa afferentia, each of which proceeds to the

dilated extremity, or capsule, of a uriniferous tubule. Here the vas afierens breaks up
into a much convoluted capillary mass, called a glomerulus, which is contained within the

invagination of the capsule. The little vein which issues from the glomerulus, or vas
eflferens, instead of running directly into a larger vein, breaks up, after the manner of

an artery, into capillaries which supply the tubules of the convoluted and radiate parts

of the kidney coi'tex. Hence almost all the blood which supplies the tubules of the

cortical part of the kidney passes in the first instance through the glomeruli. The tubules
of the bases of the pyramids also receive their blood-supply through vasa efferentia derived

from the glomeruli which lie near. The little vessels passing fi'om these glomeruli break
up into bundles of fine arteries, which give the bases of the pyramids their coarsely

striated appearance. They are known as arteriolae rectae, and, like the arteriae inter-

lobulares, are very conspicuous in injected preparations of the kidney.

The fibrous capsule of the kidney receives minute branches from the interlobular

arteries, some of which, piercing the capsule, communicate by capillaries with the vessels of

the tunica adiposa.

Veinfe corresponding to the interlobular arteries and arteriolae rectae collect the blood

from the capillaries surrounding the tubules, and unite to form a series of complete arches

across the bases of the pyramids. From these venous arcades vessels arise, which traverse

the intervals between the pyramids and reach the sinus of the kidney, where they unite

to form the dorsal and ventral tributaries of the renal vein. Some small veins in the

superficial part of the cortex communicate through the fibrous capsule with minute veins

in the capsula adiposa. Issuing from the kidney sinus, the veins run a direct course to

end in the inferior vena cava.

Nerves of the Kidney.—The nerves of the kidney accompany the branches of the

artery, and are derived from the renal plexus. Their minute branches form regular

net-like plexuses on the walls of the fine arteries and kidney tubules, and the presence of

nerve terminations occurring among the epithelial cells lining the tubules has within

recent years been demonstrated.

From clinical evidence it would appear that the nerve fibres which supply the kidney

are portions of the tenth, eleventh, and twelfth thoracic nerves.

Variations.—A marked difference in the size of the two kidneys is sometimes observed,

a small kidney on one side of the 1 ody being usually compensated for by a large kidney on the

opposite side. Cases of complete absence of one or other kidney are recorded.

A few cases are on recora in which an extra kidney was found on the right or left side.

81a
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Traces of tlie superficial lobulation of the kidney, present in the foetus and young child, are

often retained in the adult.

Horse-shoe kidney is not an infrequent abnormality. In these cases the two kidneys are

united at their inferior ends, across the median plane, by a connecting piece of kidney substance.

The amount of fusion between the two kidneys varies much ; it is sometimes very complete,

while in other cases it is but slight, the connexion being chiefly composed of fibrous tissue.

In very rare cases the kidney appears to be almost entirely surrounded by peritoneum and to

be attached to the abdominal wall by a kind of mesentery, enclosing the vessels and nerves passing

to the hilus. The condition is believed to be congenital.

Not very infrequently one or both kidneys are found at a much lower level than usual, and
occupying a position in the iliac fossa or the pelvic cavity. This condition, when congenital, is

associated with an arrest in the normal change in position, relative to surrounding structures,

which the kidney experiences during development. In such cases the kidney does not

receive its blood -supply from usually placed renal arteries, but from vessels which arise from
the lower end of the aorta, or from the iliac, or the middle sacral artery. These congenitally

abnormally situated kidneys do not usually possess the typical outline of the normal organ, but

vary much in shape, and the hilum is often directed downwards or backwards, and not medially.

In some mammalian animals, such as the bear, the ox, the porpoise, etc., the kidneys are

composed of a nimiber of completely isolated lobes, each of which corresponds to one papilla, its

pyramids and surrounding cortex ; while in others, such as the horse, the fusion of the lobes is

more complete even than in the human kidney, and a single mass represents the united papillae.

The Duct of the Kidney.

The duct of the kidney is called the ureter, and begins above in a thin-walled

funnel-shaped expansion called the pelvis renalis, which is placed partly within

and partly outside the sinus of the kidney. Towards the level of the inferior

end of the kidney the part of the pelvis which lies outside the sinus diminishes

in calibre, and forms a tube-like duct, the ureter, which conveys the urine to the

bladder.

Pelvis of the Kidney.—Within the sinus of the kidney the pelvis lies among
the larger renal vessels. It is formed by the junction of two, or more rarely three,

thin-walled tubes, the calyces maj ores, each of which has a number of branches.

These latter, called calyces renales minores, are short, and increase in diameter as

they approach the sinus wall, to which they are attached. Their wide, somewhat
funnel-like ends enclose the renal papillae, and receive the urine, which enters them
through the foramina papillaria. The calyces are usually about eight in number,

one calyx sometimes surrounding two or even three papillae. The portion of the

pelvis that lies outside the kidney has in front of it, in addition to the renal

vessels, on the right side, the descending part of the duodenum, and on the left side,

a part of the pancreas and sometimes the duodeno-jejunal flexure (Eig. 979).

Ureter.—The ureter is the vessel which carries the urine from the pelvis of the

kidney to the bladder. It is a pale-coloured thick-waUed duct with a small lumen.

While in situ it has a total length of about ten inches, and lies throughout its

whole course in the subperitoneal tissue, behind the peritoneum, to which it is

closely connected. In its superior part the ureter lies in the abdominal cavity, and
in its inferior part in the pelvis minor (Eigs. 983 and 988).

The normal ureter, in the flaccid condition, measures after its removal from the body eleven

to fourteen inches.

The pars abdominalis, or abdominal portion of the ureter, about five or five and
a half inches in leu;;th, is directed downwards and slightly medially, and lies upon
the psoas major muscle. Certain structures are related to the ureters in a similar

manner on each side of the body ; for instance, the abdominal portion of each ureter

is crossed very obliquely, on its anterior aspect, by the internal spermatic vessels,

and behind each ureter the. genito-femoral nerve passes downwards and laterally

(Fig. 983). Other structures are related to the duct of the right or left side

alone ; on the right side, the descending part of the duodenum lies in front of the

upper part of the ureter, and the line of attachment of the mesentery crosses it lower

down, just before the ureter enters the cavity of the pelvis minor. On the left

side the line of attachment of the mesentery of the pelvic colon crosses the ureter.

Crossing the common iliac, or the external iliac artery, the ureter enters the

pelvis minor. The left ureter usually crosses the common iliac artery, and the right
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ureter, in most cases, lies across the external iliac; l»ut this arrangement is by no
means constant. The course and position occupied by the abdominal portion of

the ureter is well seen in Fig. 983.

In X-ray photographs, the shadow cast by the abdominal portion of the ureter when the

latter has been rendered opaque, is seen to fall immediately in front of the tips of the transverse

processes of the lower luml)ar vertebriu.

The pars pelvina or pelvis minor portion of the ureter is about four anil a half or

five inches in length ; it passes downwards on the side wall of the pelvis, immedi-
ately behind the peritoneum, describing a curve which is convex backwards and
laterally (Fig. 988). The most convex portion of this curve lies close to the deepest

part of the greater sciatic

notch (Fig. 988). As it

descends upon the side

wall of the pelvis the

ureter forms the pos-

terior boundary of the

triangulardistrict known
as the obturator triangle.

The lower limit of this

triangle is formed by the

ductus deferens, and the

upper and anterior
boundary by the external

iliac vessels and the

pelvic brim (Fig. 988).

In its course within

the pelvis minor the

ureter lies in front of the

hypogastric artery, and
crosses the medial aspect

of the obturator nerve

and vessels and of the

obliterated umbilical
artery. About the level

of the ischial spine, the

ureter is crossed from

before backwards by the

ductus deferens, and

from this point onwards

it is not so intimately re-

lated to the peritoneum.

It now bends some-

what medially and forwards, to reach the posterior angle of the bladder, and

comes into relationship with the upper end of the vesicula seminalis, in front

of which it lies. The ductus deferens having crossed the ureter also turns

medially, and as it does so it lies at a higher level and on a posterior plane to the

ureter. The inferior end of the ureter is surrounded by a dense plexus of veins which

brings the vesical plexus into communication with the hypogastric vein. The great

nerve cord which connects the hypogastric plexus with the pelvic plexus, also

comes into relationship with the lower part of the pelvic portion of the ureter,

in the region where the latter is crossed by the ductus deferens (Fig. 988).

When the right and left ureters reach the bladder they are a little more than

two inches apart. They pierce the bladder wall very obliquely, and are embedded

within its muscular tissue for nearly three-quarters of an inch of their length.

Finally, they open into the bladder by two small slit-like apertures which are

of a valvular nature, and prevent a backward passage of fluid from the bladder.

It is probable, however, that an exaggerated idea of the valvular nature of

the openings of the ureters into the bladder is obtained by an examination

of the parts in the dead subject. When the bladder is empty the openings of
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KlIM V, OPENING UP THE KiDXEY

The pelvis of the kidney and some of its calyces have been laid open as they

lie within the sinus.
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the ureters are placed about one inch apart, but when that viscus is distended they

are often two inches, or more, distant from one another. As the ureter pierces

the bladder wall the muscular fibres of the bladder and ureter remain quite distinct,

and so the ureter, remaining a thick -walled tubular structure, appears to pass

through a gap in the muscular wall of the bladder. The mucous coat alone of

the ureter becomes continuous with that of the bladder.

The canal of the ureter is not uniform throughout, but is somewhat constricted

in certain places, corresponding to the regions where the ureter is most sharply

curved or changes its direction. These more constricted parts of the tube are

described as occurring one in the middle of the abdominal portion, one at the

Branches of hypogastric artery Eight ureter

Obturator artery i ! Nerve cord from hypogastric plexus

ulHWP'i
External

Sacro-aenital fold

Obliterated umbilical
artery (lig. umbilicale)

Plica vesicalis transversa (
i

Vesical arteries
[

Ductus deferens Paravesical peritoneal fossa

Fig. 988.

—

Median Section of an Adult Male Pelvis.

The coils of the small intestine and of the colon which lay within the pelvis have been lifted out in order to

give a view of the side wall of the pelvic cavity.

junction of the abdominal and pelvic portions, and one in the pelvic part of the

ureter. Also just before the ureter joins the pelvis of the kidney and just as it

reaches the bladder wall its lumen is usually somewhat constricted.

In the female, the ureter, near its termination, passes beneath the lower part of the

broad Hgament of the uterus, and lies to the lateral side of the cervix uteri and the

upper part of the lateral wall of the vagina. It is accompanied in the inferior part of

its course by the uterine artery, which crosses it on its anterior aspect not far from

its termination (Fig. 1002). Higher up it lies in the peritoneal ridge which forms

the posterior boundary of the fossa ovarica, a posterior subdivision of the obturator

fossa (Fig. 1002).

Structure of the Ureter.

The wall of the ureter, which is thick and of a whitish colour, is composed of

mucous, muscular, and fibrous coats. The tunica mucosa or mucous coat possesses an

epithelium composed of many layers of cells, those nearest the surface being of
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large size. "When the canal is empty the mucous coat is thrown into numerous
longitudinal folds, and so its lumen exhibits a stellate outline in transverse section.

The submucous tissue varies much in thickness in different parts of the ureter,

and contains some elastic tibres. The unstriated muscle fibres which compose the

tunica muscularis or muscular coat are collected into bundles which are separated by
a considerable amount of connective tissue, and are arranged, some longitudinally,

some circularly. In the upper part of the ureter a relatively large amount
of connective tissue is present deep to and among the bundles of muscle
fibres, wliich are arranged in three distinct strata—an inner lontfitudinal, an
intermediate circular, and an outer longitudinal. In the middle part of the

vessel the same layers may be recognised, but the circularly disposed bundles of

fibres are more numerous than higher up. In the lower part of the ureter the

connective tissue is relatively scanty and the inner longitudinal fibres lie close to

the lining epithelium ; in this region also the longitudinal folds of the mucous
coat become fewer and less marked. A short distance above the point wliere it

reaches the bladder, the wall of the ureter becomes much thickened by the

addition of a number of coarse bundles of longitudinally arranged muscle
fibres, which are applied to the outer surface of the muscular coat. These muscle
fibres form the so-called " sheath of the ureter," and are continued on the super-

ficial aspect of the vessel as it passes through the bladder wall. In the portion of

the ureter which traverses the wall of the bladder (pars intramuralis) nearly all

the fibres of the muscular coat are disposed longitudinally, i.e., in a direction

parallel to that of the vessel. The muscle fibres lie close beneath the epitlielium,

and end just where the mucous coats of the bladder and ureter become continuous.

The timica adventitia or outer fibrous coat of the ureter varies in thickness at

different levels, and in its lower part blends with the connective tissue which lies

among the muscle fibres forming the sheath of the ureter just mentioned.

The mucous membrane of the calyces and of the pelvis of the kidney possesses an
epithelium resembling that of the ureter. Where each renal papilla projects into

one of the calyces a deep circular recess, or fornix, is formed between the wall of

the calyx and the sloping side of the papilla ; at the bottom of this recess the

epithelium of the calyx becomes continuous with that covering the papilla. At
the foramina papillaria the epithelium joins that of the kidney tubules. The
muscular fibres in the wall of the calyces and of the pelvis are collected into loosely

arranged bundles separated by wide intervals occupied by fibrous connective tissue.

As in the ureter, the outermost and innermost fibres run in a longitudinal, the

intermediate ones in a circular direction: The circularly arranged fibres alone

form a distinct layer.

Vessels and Nerves of the Ureter.—The abdominal part of the ureter receives

its blood-supply from the renal and internal spermatic arteries ; the pelvic portion

is supplied by the superior vesical and middle hoemorrhoidal vessels.

The nerves of the ureter reach it through the renal, the spermatic, and the

hypogastric, plexuses.

Variations.—Tlie ureter is sometimes represented by two tubes in its upper portion. In rarer

cases it is double throughout the greater part of its extent, or even in its whole length from the
pelvis of the kidney to the bladder. In such cases there may be two openings into the bladder.

Asymmetry as regards such abnormalities is very common.
Variations in the form of the pelvis of the kidney are of frequent occurrence. Most usually

the pelvis divides into two large subdivisions, one of which passes in the direction of the upper,
the other in that of the lower pole of the kidney. In some cases these branches come ofiF directly

from the ureter without the intervention of a pelvis, or a marked subdivision may lead to the
formation of two pelves.

VESICA URINARIA.

The vesica urinaria or urinary bladder is a hollow muscular organ situated in

the anterior part of the pelvic cavity, above and behind the symphysis pubis. It lies

in front of the rectum, from which it is separated in the male by the seminal vesicles

and the terminal portions of the ductus deferentes, and in the female by the vagina
and uterus. The ureters, which convey the fluid secreted by the kidneys, open into

the base of the bladder about half an inch from the median plane.

81c
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The urethra, or canal by which the urine reaches the surface, leads from the

bladder, its aperture lying in the median plane, not far from the openings of the

ureters, but on a lower and anterior plane. The size and shape of the bladder,

the thickness of its wall, and also to a great extent its relations, vary with the

amount of distension, or contraction, of the organ. When the bladder is empty,

or only slightly distended, it lies within the pelvis minor ; as it becomes filled

with urine it rises above the pubis, and crossing the pelvic brim, enters the
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Superior peritoneal lig.

of bladder-
Urinary bladder

Sacro-genital fold ...

Recto-vesical pouch .-
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Dorsal vein of penis

-
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Cavernous portion of uietlua Uulb of urethra

Fig. 989.

—

Median Section through the Pelvis of an Adult Male Subject.

The urinary bladder is empty and firmly contracted. The coils of small Intestine have been removed to afford

a view of the side wall of the pelvic cavity.

abdominal cavity. These changes affect chiefly the upper part of the bladder, which

becomes altered in shape and size, and acquires new connexions and relations ; the

lower portion varies but slightly with the amount of distension of the organ (see

Figs. 989 and 990). The upper part of the bladder is covered with peritoneum, which

is reflected on to it from the anterior abdominal wall in front, from the sides of the

pelvis laterally, and, in the male, across the seminal vesicles and terminal parts of

the ductus deferentes from the rectum behind. In the female the peritoneum passes

on to the bladder posteriorly from the anterior surface of the uterus. The
peritoneum dips down posteriorly for a certain distance between the bladder and



THE UEINARY BLADDER 1273

rectum in the male, forming the recto-vesical or recto-genital pouch ; in the female

a slit-like peritoneal depression, called the utero-vesical pouch, intervenes between
the anterior surface of the uterus and the bladder (Fig. 996). The inferior part of

the bladder lies below the jieritoueum, and is for the most part directed towards

the pelvic floor. In the median plane it is supported by the symphysis pubis and the

retro-pubic pad of fat ; farther back in the male it rests upon the prostate and on

the lower part of the rectum, from the latter of which it is separated by the vesiculae

seminales and the terminal parts of the ductus deferentes. In the female it rests

Urinary bladder

Reflection of peritoneum

to anterior abdominal wall

Recto-vesical ixmch

Terminal part --..__ —r-»-
ductus deferens ^ T \

Corpus cavernosum
uretlirae

Corpus cavernosum
penis

Prostate—

"

» » v-

E^aculatory duct

Sphincter urethrce membranace® Anal canal

Sphincter nrethne membranaceae

Bulb of urethra Bulbo-cavernosus muscle

Fig. 990.

—

Median Section op the Pelvis of an Adult Male Scbject.

The urinary bladder and rectum are both greatly distended.

upon the anterior wall of the vagina. Laterally the bladder is supported by the

levatores ani muscles, and farther from the median plane it rests on each side on

the obturator internus ; it is separated from the layer of the pelvic fascia covering

these muscles by loose areolar tissue.

The opening of the urethra, orificium urethrae internum or internal urethral

orifice, is placed in, or near, the part of the bladder wall which lies lowest in

the pelvic cavity. The term neck, or cervix, is often applied to this region, the
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Apex of bladder
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before its removal from the body, it is possible to map out on its inferior aspect three

convex triangular areas, which may be distinguished from one another by the

directions in which they look. The three areas approach one another in the

region of the uretliral orifice, where, in the male, a portion of the inferior aspect of

the bladder wall is structurally continuous with the upper part of the prostate.

Posterior to the uretliral oritice is a triangular district, directed downwards and back-

wards, and related, in the male, to ihe seminal vesicles and the ternunal portions

of the ductus deferentes, which, together with the recto-vesical layer of the pelvic

fascia, intervene in this position between the bladder and the rectum. This

triangular area is known as the fundus, base, or postero-inferior surface of the

bladder, and in the female it is directed against tlie anterior wall of the vagina.

The rest of the inferior aspect of the bladder is formed by two infero-lateral

areas, or surfaces, which meet in the median plane in front of the urethral oritice,

and are directed for the most part downwards and laterally (see Fig. 993). Each of

these areas extends backwards to join the fundus or postero-inferior surface, along

a rounded border which lies between the point where the ureter reaches the bladder

and the urethral orifice. The infero-lateral part of the bladder wall rests on the

areolar tissue covering the fascia of the levator ani and the obturator internus muscles,

and, nearer the median plane, upon the os pubis and the retro-pubic pad of fat.

Seminal
vesicle

Ijateral aspect
of prostate

Infero-lateral

area of bladder

Urethra

Fig. 993.—The Urinary Bladder, Prostate, and Vesicdla Seminalls, ^^EWED from the Lateral Aspect.

Drawn from specimens in which the viscera were hardened before removal from the body. In A the bladder
contained but a very small quantity of fluid ; in B the quantity was somewhat greater. In A the
peritoneum is shown covering the superior surface of the bladder, and its cut edge is seen where it is

reflected along the lateral border of the organ. In B the level of the peritoneal reflexion is indicated by
a dotted line.

The three rounded borders which mark off the . three triangular areas on the
inferior aspect of the bladder, just described, extend from the region of the urethral
orifice to the bladder apex, and to the points where the ureters reach the bladder
wall (see Figs. 991, 992).

Shape and Relations of the Empty Bladder.—When the bladder is empty, or

nearly so, it has, roughly speaking, the shape of an inverted tetrahedron, whose
apex corresponds to the point where the urethra leaves the organ, while the base

of the tetrahedron is formed by the superior surface of the bladder. The three

basal angles of the tetrahedron correspond to the bladder apex and to the two
posterior angles of the bladder, or points where the ureters join the organ. The three

surfaces, which meet inferiorly at the urethral orifice, are only marked off from one
another by rounded borders, but as long as the organ is empty, or nearly so, they
are separated by distinct borders from the superior surface. These three areas

have been already described as the infero-lateral surfaces and the base of the

bladder (Figs. 991 and 992). Their relations have also been indicated. The
superior surface of the empty bladder looks upwards into the pelvic cavity ; it is

convex when the organ is contracted, concave when relaxed. This surface is covered
with peritoneum, and its outline, which is approximately triangular, is determined
by lateral and posterior borders (Fig. 993). The lateral borders of the empty
bladder are sharply marked, and extend from the bladder apex to the posterior angles
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of the bladder, or points where the ureters join the organ. They separate the
superior surface from the infero-lateral portions of the inferior aspect of the bladder
wall (Fig. 993, A). The posterior border stretches across between the posterior angles
of the bladder, and separates the superior from the basal surface of the viscus. The
superior surface is related in the male to coils of intestine ; in the female it is

related also to the anterior surface of the uterus. The lateral border of the empty
bladder lies against the pelvic fascia just above, or at the level of, the arcus tendineus
of the levator ani muscle. The ductus deferens crosses the side wall of the pelvis
parallel to it, but at a considerably higher level. In median section the cavity of
the empty and relaxed bladder often presents the appearance of a Y-shaped chink,
the stem of the Y being represented by the urethra as it leaves the organ, and the two
limbs by the narrow intervals between the superior surface and the under parts of
the bladder wall which lie in front of and behind the urethral orifice. This relaxed
form is sometimes described as the diastolic condition of the empty bladder, and is

found associated with a bladder wall of but little thickness, and with a concave upper
surface. The condition is usually the result of an escape of fluid after death,
when the bladder wall has lost the power of contracting. It does not represent
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of the umbilical artery

Inferior epigastric artery
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- Tuberculum jjubicum
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MfM^ Urinary bladder
(highest point)

Sacral promontory
Ureter

Fig. 994.

Common iliac artery

-View looking into the Pelvis from above and somewhat behind.

The bladder has been artificially distended.

a normal condition of the organ in the living. The normal empty bladder
is strongly contracted, and its wall is thick and firm. A distinctly Y-shaped
appearance is not presented by its cavity in median section, but the interior of the
organ is seen as a simple narrow interval continuous with the canal of the urethra.

Distended Bladder.—As the bladder fills with fluid the superior wall is

raised upwards from the infero-lateral and basal walls, and, at the same time, the
borders separating the superior from the other surfaces of the bladder become at

first more rounded and then nearly obliterated. The lateral borders of the bladder
becoming in this manner opened out, give rise to so-called lateral surfaces in

the distended organ. These surfaces, however, are not sharply marked off,

and are directly continuous with the superior surface. During distension,

also, the angles present in the empty condition of the organ become rounded
as the entire bladder wall becomes more uniformly convex. The general

shape of the bladder becomes altered during distension ; the tetrahedral form
of the empty organ is lost, and the bladder as it becomes filled assumes first a

somewhat spherical, then an oval contour. During distension the enlarging
bladder comes to occupy more and more of the pelvic cavity, displacing upwards
the portions of the colon and small intestine which may lie in the pelvis when the
organ is empty. Until all the available pelvic space has been filled up, the form
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of the distended bladder is spherical, or oval, with tlie larger eud directed down-
wards and backwards. When the pelvic wall prevents further expansion of this

portion, the outline of the organ may become an oval with the larger end directed

upwards and forwards into tbe abdominal cavity. The highest part of the dis-

tended bladder lies at some distance above the pelvic brim, and does not correspond

to the attachment of the urachus at the apex, but to a point farther back (Fig. 994).

As the superior wall of the bladder is raised up during distension it carries with it

the peritoneum, and thus the reflexion of that membrane, from the anterior

abdominal wall on to the apex of the bladder, comes to lie one and a half inches, or

even higher, above the upper margin of the symphysis pubis (Fig. 990). It is,

therefore, possible to puncture, or open into the distended bladder, through the

anterior abdominal wall above the symphysis pubis, without at the same time
opening into the peritoneal cavity. In a similar manner the line of reflexion of

tlie peritoneum, from the side wall of the pelvis on to the lateral aspect of the

bladder, is raised higher during distension, and may come to correspond, in part, to

the level of the ductus deferens, or to that of the obliterated part of the umbilical

artery. On the other hand, the level of the reflexion of the peritoneum from the

rectum towards the basal aspect of the bladder does not appear to vary much with
the distension, or contraction, of the organ (compare Figs. 989 and 990), and thus the

fossa between the bladder and rectum becomes relatively very deep when the bladder is

full. The ])ladder in normal distension may contain nearly one pint, but in most cases

the organ is emptied when its contents reach from six to ten ounces. Under abnormal
or pathological conditions the bladder capacity may be very much increased.

Varying Relationships, according to the degree of Distension of the Bladder.
—When the bladder is distended the obliterated part of the umbilical artery may
cross forwards against its side, but when it is empty the obliterated vessel at its

nearest point often lies as much as one and a quarter inches above the lateral

border of the organ. The ductus deferens, during a part of its course, is in contact

with the lateral wall of the distended bladder, but when the organ is empty it lies

above and parallel to the lateral border, only coming into relationship with the

basal surface of the bladder beyond the point where it crosses the ureter. The side

wall of the distended bladder is closely related to the obturator vessels and nerves.

Interior of the Bladder.— The mucous membrane lining the bladder is

loosely connected to the muscular coat, and when the bladder is contracted the

mucous lining of the upper wall is thrown into a number of prominent wrinkles

or folds (Fig. 995). At one place only the mucous membrane is firmly connected

to the subjacent muscular coat, and the inner surface of this part of the bladder

wall is smooth and free from wrinkles. This smooth area corresponds to a tri-

angular surface behind the urethral orifice, called the trigonimi vesicae, and to the

part of the bladder wall which immediately surrounds the opening. The apex
of the triangle lies at the beginning of the urethra, and the base is formed by a

line drawn between the openings of the ureters into the bladder. Just behind

the urethral opening the bladder wall sometimes bulges slightly into the cavity,

owing to the presence of the middle lobe of the prostate, which lies beneath the

mucous coat in this position. When well marked, as it often is in old people,

this bulging is termed the uvula vesicae. Stretching across between the openings

of the ureters there is usually to be seen a smooth ridge, due to the presence of a

bundle of transversely disposed muscle fibres, which lies within this part of the

bladder wall, beneath the mucous membrane. This ridge has been called the
" torus uretericus." It may be deficient near the median plane, and it is curved

so as to be convex forwards. The lateral portions of the ridge which lie outside

the openings of the ureters are called the plicae uretericae, and are produced by the

terminal parts of the ureters as they traverse the bladder wall and lie beneath the

mucous coat of the bladder (Fig. 995). In old people the region behind the

trigonum is usually distinctly depressed and forms a shallow fossa, sometimes

called the retro-ureteric fossa. A less distinct shallow depression may sometimes

be observed on each side of the trigone. Round the urethral orifice are a number
of minute radially disposed folds which, disappearing into the urethra, become
continuous with the longitudinal folds of the mucous membrane of the first part



1278 THE URO-GENITAL SYSTEM.

of that canal. The ureters pierce the bladder wall very obliquely, and so the

minute orificium ureteris, or opening, of each has an elliptical outline. The lateral

boundary of each opening is formed by a thin, crescentic fold, which, when the

bladder is artificially distended in the dead subject, acts as a valve in preventing

water or air from enteriu" the ureter. Hence the term " valvula ureteris " is some-

times used to designate the fold. In the empty bladder the urethral orifice and
the openings of the two ureters lie at the angles of an approximately equilateral

triangle,whose sides are about one inch in length. When the bladder is distended the

distance between the openings may be increased to one and a half inches or more.

Bladder in the Female.—In the female the bladder is related posteriorly to

UieHiral orific

Folds of mucous
membrane

Muscular coat
of bladder

Trigonum vesicte '; Retro-ureteric fossa

Torus uretericus

Fig. 995.

—

Empty and Contracted Urinary Bladder, opened up by the Removal of its Upper Wall.

The peritoneum is seen spreading out from the lateral and posterior borders of the organ. Compare with

Fig. 1000.

the uterus and upper part of the vagina. The anterior surface of the uterus in its

upper part is separated from the upper surface of the bladder by the shallow utero-

vesical pouch of peritoneum, but the two organs are nevertheless normally in

apposition. So close is this relationship that the upper surface of the bladder very
often shows a slight concavity, due to contact with the convex anterior wall of the

uterus. The lower part of the uterus and upper part of the vagina are not
separated by peritoneum from the basal surface of the bladder, but are in actual

apposition with it (Fig. 996). Thus, below the level of the utero-vesical pouch,

the female bladder is related in much the same manner to the uterus and anterior

wall of the vagina as the male bladder is related to the vesiculse seminales and
ductus deferentes. The apex of the bladder, where the urachus is attached, often lies

on a lower level than in the male, so that the organ, even when distended, rises

less freely into the abdomen. The bladder as a whole is placed deeper in the pelvis

than in the male, and the internal urethral orifice lies just above, or just below, a

line drawn from the lower margin of the symphysis to the lower end of the sacrum
(p. 1274). The lower level of the internal urethral orifice is probably correlated

with the absence of a distinct prostate in the female. It is probable that as

regardsi capacity no difference exists between the bladder in the male and in the
female

; the conflicting results arrived at by different observers are probablydue to the
faulty methods which have been employed in estimating the capacity of the organ.
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Bladder in the Newly Born Infant and in the Child.—At birth the empty
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Fig. 996.

—

Median Section of the Pelvis in an Adult Female.

The cavit}' of the uterus is indicated diagrammatically.

bladder is spindle- or torpedo-shaped, and its long axis, which extends from the
point of attachment of the urachus to

the internal urethral orifice, is directed

downwards and backwards (Fig. 997).
The lateral and posterior borders seen
in the adult organ cannot be recognised
at birth, nor is there any part of the
bladder wall directed downwards and
backwards, as is the basal surface of

the adult organ. In the foetus and
young child the bladder occupies rela-

tively a much higher level than it does

in the adult, and, even when empty,
it extends upwards into the abdominal
cavity. Its anterior aspect is in con-

tact with the posterior surface of the

anterior abdominal wall. At birth the

peritoneum forming the recto -vesical

pouch covers the whole of the posterior surface of the bladder, and reaches as low
as the upper limit of the prostate. The internal urethral orifice is placed at a high

level, and sinks gradually after birth (Fig. 998, A). In the newly born child this

Urethra

Fig. 997.

—

The Urinary Bladder of a newly
BORN Male Child, viewed from the side.

The drawing is from a specimen wliich h.id been

haniened in situ.
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opening lies on a level with the upper margin of the symphysis pubis, and the

openings of the ureters lie almost on a level with the plane of the pelvic brim.

The obUterated portions of the umbilical arteries are more intimately related to

the bladder in the foetus and child than in the adult, and lie close against its

sides as they pass upwards towards the umbilicus (Fig. 999).

Peritoneal Relations and Connexions of the Bladder.—We have already

seen that the
superior surface of

the empty bladder

is covered by peri-

toneum, which
leaves it along the

.

lateral border on
each side to reach

the pelvic wall at

about the level of

the arcus ten-

dineus or white line

of the pelvic fascia.

To this peritoneal

reflection the term
lateral false (or peri-

toneal) ligament is

often applied. The
lateral ligaments of

opposite sides are

continuous in front,

at the bladder apex,

where the periton-

eum is conducted

over the fibrous

cord of the urachus

to reach the anterior

abdominal wall,

forming the so-

called superior false

(or peritoneal) liga-

ment. When the

bladder is empty
the level of this

anterior reflection

lies just behind, or

just below, the
upper margin of tbe

symphysis pubis.

When the bladder

becomes filled the

level of the peri-

toneal reflection forming the superior false ligament is raised upwards, and may
reach a point two inches, or more, above the upper margin of the symphysis pubis.

Similarly, the line along which the lateral peritoneal ligament reaches the pelvic

wall is also carried upwards in distension of the bladder, and may reach the level

of the ductus deferens and of the obUterated umbilical artery.

When the bladder is empty the peritoneum is carried downwards upon the side

wall of the pelvis as low as the lateral border of the organ, and lines a shallow

depression which receives the name of paravesical fossa. This peritoneal fossa lies

below the level of the obturator peritoneal fossa (p. 1269), from which it is separated

by the ductus deferens. As the bladder fills, the peritoneum is raised off this part

of the pelvic wall, and certain structures, such as the obturator vessels and nerve

Urinarv bladder

Symphysis pubis^

Carina urethralis-A

Labium minus

Rectum

Internal sphincter ani

External sphincter ani

Anal canal

External sphincter ani

Fig. 998. -Median Sfx-tion through the Pelvis of newly born Child.

A, Male, and B, Female.
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and the ductus deferens,

which lie on the lateral

wall of the pelvis, come
into direct relationship

with the lateral aspect of

the distended bladder.

Posteriorly the peri-

toneum leaves the superior

surface of the empty
bladder at its posterior

border,and is carried back-

wards, forming a kind of

horizontal shelf, or fold,

for a distance of about

half an inch, giving at

the same time a partial
^

covering to the ductus de-

ferentes and superior ends

of the seminal vesicles.

The peritoneum then sud-

denly dips downwards to

reach the bottom of the recto-vesical, or recto-genital, pouch, where it is reflected

on to the anterior surface of the rectum (Fig. 1001). As a rule, no part of the

Psoas major

999. _- View lookin(! kkom above into the Pelvis and Lower
Paut of the Abdominal Cavity in a Fcetcs of about thb

Seventh Month.

On the left side, which represents a slightly more advanced condition than

the right, the testis has entered the inguinal canal ; on the right side

the testis is still within the abdominal cavity.

Median umbilical ligament (nrachus)

Plica vesicalis transversa

Trigonum femorale
External
iliac vessels

Urinary bladder

Paravesical peritoneal fossa

Obliterated umbilical artery

Inferior
epigastric artery

Internal spermatic artcr>-

Ductus deferens

Recto-vesical pouch

Intenertebral fibro-cartilage ;

Rectum

Ureter
External iliac arter>'

;
Hypogastric arterj-

Sacro-genital fold

Fig. 1000.—View looking into the Male Pelvis from above and somewhat behind.

From a specimen in which the bladder was firmly contracted and contained but a small amount ofAuid The

paravesical fossa is seen on each side of the bladder. The deep peritoneal pouch in front of the rectum

is bounded on each side by crescentic sacro-genital folds or " posterior false ligaments of the bladder,

"

which meet together in the median plane some distance behind the posterior border of the bladder.
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basal surface of the contracted and empty bladder receives a covering froni the
peritoneum, since the seminal vesicles and terminal portions of the ductus de-
ferentes intervene as they lie in the anterior wall of the recto-vesical or recto-
genital pouch. When the bladder is distended the posterior border, separating
the upper and basal surfaces, is rounded out, and the peritoneum forming the
horizontal shelf, just described, is taken up (compare Eigs. 989 and 990). It is

'"^^P^,>

Inferior

epigastric ai

Superior peritoneal lig.

of bladder.—»— •-

Iirinary bladder E_V-Vvr-i
Sacro-genital fold—-.^—i^-i!

Recto-vesical poucli—

—

Ductus deferens

-

Retro-pubic pad of fat -

Prostatic urethra-

Dorsal vein of penis

Corpus cavernosum penis

Corpus cavernosum

_

uretlirae'

i Anal canal

Membranous urethra

Cavernous portion of urethra Bulb of urethra

Fig. 1001.

—

Median Section of the Pelvis in an Adult Male.

The coils of small intestine which lay within the pelvis have been lifted out in order to give a view of the side

wall of the pelvic cavity. *

to be specially noted that the level of the peritoneal rejQection, forming the bottom
of the recto-vesical pouch, does not vary much, as regards its relationship to the

prostate, during distension and contraction of the bladder (Figs. 989 and 990).

An examination of median sections of the pelvis shows the great danger run by the ampullae

of the ductus deferentes in any operation for reaching the bladder through the anterior wall of

the rectum, and the difficulty in avoiding injury to the peritoneum.

The term " posterior false (or peritoneal) ligament " is often applied to the some-
what variable crescentic fold of peritoneum which bounds, on each side, the

entrance to the recto-vesical or recto-genital pouch, and which often unites with
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the fold of the opposite side across the median plane, behind the posterior border of

the bladder and the ductus deferentes. These folds represent the plicse rectouterinse

or folds of Douglas in the female, and are to be regarded as connexi(>ns of the ductus
deferentes rather than of the bladder ; hence the term sacro-genital folds is appHcable
to these structures in both sexes. The folds are seen in Figs. 990 and 995.

, The peritoneum covcrin<i^ the upper surfaee of the empty or partly distended bladder
often exhibits a transversely disposed fold or wrinkle, to which the term plica vesicalis

transversa has been applied. This fold, when well developed, 'can be traced on to the
side wall of the pelvis, where it traverses the paravesical fossa, and in some cases it is

found to cross the pelvic brim and to l)e directed towards the abdominal inguinal ring

(Fig. 995).

In the female the peritoneum is reflected posteriorly from the upper surface of

the bladder on to the anterior aspect of the uterus.

Fixation of the Bladder.—When the ligamentum umbilicale medium, or fibrous

cord of the urachus, which binds the bladder apex to the anterior abdominal wall,

and the peritoneal folds, already described as the false ligaments, are severed, the

bladder is easily moved about, except in its lower and basal parts. Anteriorly it

is connected to the pubis, and laterally to the fascial lining of the pelvis by loose

areolar tissue only, which permits free movement during expansion and contraction.

The lower fixed part of the bladder is held in place chiefly by processes of the

pelvic fascia, continuous with those forming the sheath of the prostate. The
fascial connexions constitute the true ligaments of the bladder, and are described

as puho-2}rostatic or anterior ligaments, reaching the bladder from the pubis in front,

and lateral ligaments, reaching the bladder from the fascial lining of the side wall

of the pelvis.

In addition to the urachus and the peritoneal and the true ligaments already

mentioned, the bladder is supported and fixed in position, in the region of its

basal surface, by the dense fibrous and unstriped muscular tissue which surrounds

the seminal vesicles, the terminal portions of the ductus deferentes and the ureters.

Laterally the strands of connective tissue and the bundles of muscle fibres forming this sup-
port pass backwards and are continued into the fascia which surrounds the branches of the
hypogastric artery. Muscle fibres connected with the bladder wall are also found within the
pubo-prostatic ligaments, through which they are attached to the pubis.

In the female the basal part of the bladder wall is supported and held in place

by its connexion with the anterior wall of the vagina. The region of the urethral

orifice is the most firmly fixed part of the bladder wall in both sexes.

Structure of the Bladder Wall.—The wall of the bladder from without inwards

is composed of a serous, a muscular, a submucous, and a mucous coat. The tunica serosa

or serous coat, formed by peritoneum, is incomplete, and covers only the upper and
posterior parts of the distended bladder (Fig. 993).

A considerable amount of fibrous connective tissue surrounds the tunica muscularis

or muscular coat, and penetrating it, divides it into numerous coarse bundles of muscle

fibres. All the muscle fibres are of the unstriped variety, and the bundles which they

form are arranged in three very imperfectly separated strata called external, middle,

and internal. The stratum externum is for the most part made up of fibres which are

directed longitudinally, and it is best mai'ked near the median plane on the upper and under

aspects of the bladder. Farther from the median plane, on the sides of the bladder, the

fibres composing the external stratum run more obliquely, and their directions frequently

cross one another. In the male, many of the fibres of the external stratum are attached

both anteriorly and posteriorly to the prostate, and in the female the corresponding fibres

join the dense tissue which in this sex forms the upper part of the wall of the urethra.

Other fibres of this stratum on each side of the body join the lower part of the symphysis

pubis and constitute the musculus pubovesicalis, which lies in the substance of pubo-

prostatic ligament. Lastly some fibres of the external stratum blend posteriorly with the

anterior aspect of the rectum and receive the name of musculus rectovesicalis. The
stratimi medium is composed of fibres which for the most part run circularly, and
forms the greater part of the thickness of the muscular coat. In the region of, and
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behind, the urethral orifice the bundles of fibres are finer and more densely arranged, and

surround the opening in a plane which is directed obliquely downwards and forwards.

This part of the middle stratum is often spoken of as the " sphincter vesicse." Inferiorly

the fibres of the sphincter vesicae are continuous with the muscular tissue of the prostate

in the male, and with the muscular wall of the urethra in the female. In other parts of the

bladder the bundles of the middle stratum are coarser and separated by intervals filled with

connective tissue. The stratum internum is a thin layer of fibres directed for the most

part longitudinally.

The tela submucosa or submucous coat is composed of areolar tissue, but contains

numerous fine elastic fibres.

The tunica mucosa or mucous coat is loosely attached, by means of the submucous
layer, to the subjacent muscular coat, except in the region of the trigonum vesicse, where

the muscular fibres lie close beneath, and are firmly adherent to the mucous
membrane. Over the trigonum the mucous coat is always smooth and flat ; elsewhere it is

thrown into folds when the bladder is empty. The mucous membrane of the bladder is

continuous with that of the ureters and urethra. The epithelium, covering it, varies

much in appearance in different conditions of the organ, and is of the variety known as

transitional stratified epithelium. The appearance of the mucous coat is described

on p. 1277.

Vessels and Nerves of the Bladder.—The bladder receives its blood supply on each side

from the superior and inferior vesical arteries. The inferior vesical artery arises from the

hypogastric artery, and the superior vesical arises from the umbilical artery just before it becomes
obliterated. The largest veins are found just above the prostate, and in the region where the

ureter reaches the bladder. They form a dense plexus which pours its blood into tributaries of

the hypogastric vein, and communicates below with the pudendal venous plexus.

The lymph-vessels from the bladder join the iliac group of lymph -glands.

The nerve supply of the bladder is derived on each side from the vesical plexus, the fibres of

which come from two sources, namely (1) from the upper lumbar nerves through the hypogastric

plexus, and (2) from the third and fourth, sacral nerves. The fibres from the latter sources join

the vesical plexus directly.

THE URETHRA.

The urethra is the channel which serves to convey the urine from the bladder

to the exterior. In the male it consists of two portions, a proximal part, less than

one inch in length, extending from the bladder to the points where the ducts of

the reproductive glands join the canal, and a much longer distal portion which

serves as a common passage for the secretion of the kidneys and for the generative

products. An account of the male urethra follows the description of the male

reproductive glands and passages (see p. 1304). In the female the urethra is more
simple in its arrangement, and represents only the proximal part of the male

canal. It is a short passage leading from the bladder to the external urethral

orifice—an aperture placed within the rima pudendi or urino-genital cleft, imme-
diately above and in front of the opening of the vagina.

Urethra Muliebris.—The female urethra is a canal of about one to one and

a half inches in length which follows a slightly curved direction downwards and

forwards, below and behind the lower border of the symphysis pubis. As it

leaves the pelvis the urethra pierces the urogenital diaphragm and its fasciae,

and the part of the passage which lies between the superior and inferior layers

of fascia is surrounded by the fibres of the sphincter urethrse membrauacese

muscle. Except during the passage of fluid the canal is closed by the apposition

of its anterior and posterior walls. The oriflcium urethrse externum or external

orifice is jjlaced between the labia minora, immediately in front of the opening

of the vagina, and lies about one inch below and behind the clitoris (Fig. 1002).

The opening is slit-like, and is bounded by slightly marked lateral lips. The
posterior wall of the urethra, except in its upper part, is very intimately connected

with the anterior wall of the vagina. The mucous lining of the canal is raised

into a number of slightly marked longitudinal folds, one of which, more distinct

than the others, and placed upon the posterior wall of the passage, receives the

name of crista urethralis.
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Structure.—The wall of the female urethra is thick and contains much fibrous

tissue, which passes without any sharp line of demarkation into the surrounding mass of

connective tissue. The tunica muscularis or muscular coat of the urethra is continuous
above with that of the bladder, and is composed of layers of circularly and longitudi-

nally disposed smooth muscle fibres arranged to form outer and inner strata. Within
the muscular coat the wall of the urethra is very vascular, and the canal itself is lined

by a pale mucous membrane which is thrown into longitudinally directed folds, one of

which is the crista urethralis mentioned above. The epithelium of the canal, in its upper
part, is of the transitional variety, like that of the bladder ; in its lower part it becomes
scaly. Numerous minute glands, the glandulae urethrales, and pit-like depressions
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Cfficum-
Verniiform. 4-^

process

Ovary -

Tuba uterina -

Inf. epigastric
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Fundus uteri "
'

Obliterated , -

umbilical artery

Urinary blatkier --

Urethra -

Labium minus

Labium majus

- - Ureter
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from hypo-
t,'a.stric plexus

Recto-uterine
fold

Utero-vesical
pouch

Recto-uterine
pouch

Orilicium exter-

num uteri
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Fig. 1002. -Median Section thkough the Female Pelvis. Drawn for the most part from a model

of a dissection by Professor Edward H. Taylor.

(lacunae urethrales) open into the urethral canal. One group of these glands on each

side possesses a minute common duct known as the ductus paraurethralis, which opens

into the rima pudendi or urino-genital cleft by the side of the urethral orifice. It is

believed that these latter glands represent the prostatic glands of the male subject.

The vascular layer which lies between the muscular coat and the mucous membrane
contains elastic fibres, and in appearance resembles erectile tissue. Striped muscle fibres

are present on the outer aspect of the muscular coat of the urethra. In the upper part

of the canal these fibres form a complete ring-like sphincter, but in the middle and lower

parts the striped muscle fibres though present in front are absent on the posterior wall of

the urethra, as at this level they pass backwards on the outer aspect of the vagina, and

enclose this latter passage together with the urethra in a single loop of muscle tissue.

The lower fibres, thez'efore, form a urino-genital sphincter.
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THE MALE REPEODUCTIVE ORGANS.

We have here to describe (1) the testes or essential reproductive glands of the

male, together with their (2) coverings and (3) ducts, (4) the prostate, (5 j the bulbo-

urethral glands, (6) the external genital organs, and (7) the male urethra.

The reproductive glands of the male, or testes, are a pair of nearly symmetrical

oval-shaped bodies situated in the scrotum. The duct of each gland, at first

much twisted and intertwined, forms a structure known as the epididymis, which
is apphed against the posterior and lateral part of the testis. From the epi-

didymis the excretory duct, or ductus deferens, passes upwards towards the inferior

part of the anterior abdominal wall, which it pierces very obliquely, to enter the

abdominal cavity. Here each ductus deferens is covered by the peritoneum, and
almost at once crossing the pelvic brim, enters the pelvis. The duct now runs on

the side wall of the pelvis towards the base of the bladder, where it comes into

relation with a branched tubular structure termed the vesicula seminalis. Joined

by the duct of the vesicula seminahs, the ductus deferens forms a short canal

called the ejaculatory duct, which terminates by opening into the prostatic part

of the urethra. The prostate, a partly glandular, partly muscular structure,

surrounding the first part of the urethra, and also a pair of small glandular bodies

called the bulbo-urethral glands, are accessory organs connected with the male
reproductive system. The
ducts of the bulbo-urethral

glands and those of the pro-

state, like the ejaculatory ducts,

open into the urethra, which
thus serves not only as a pas-

sage for urine, but also for the

generative products. The ex-

ternal genitals are the penis and
scrotum.

THE TESTIS.

The male reproductive

glands, the testes, are a pair of

somewhat oval, slightly flat-

tened bodies of a whitish colour,

measuring about an inch and a

half in length, one inch from
before backwards, and rather

less in thickness. Each testis

is placed within the cavity of

the scrotum in such a manner
that its long axis is directed

upwards, slightly forwards, and
laterally, and usually the left

gland occupies a lower level

than the right. The testis

(Fig. 1003) has two somewhat
flattened surfaces, one of which,

called the fades lateralis, or

lateral surface, looks backwards as well as laterally ; the other, the facies medialis,

or medial surface, looks forwards as well as medially, and is usually the more
flattened. The two surfaces are separated by two rounded borders, one of which,

the margo anterior, is the more convex and free ; while the other, the margo posterior,

is less rounded, and by it the organ is suspended within the scrotum. The
epididymis and the lowest portion of the funiculus spermaticus, or spermatic cord, are

Margo
anterior
of testis

Fig. 1003.

—

Right Testis and Epididymis, exposed by the
RE.VI0VAL OF THE ANTERIOR WaLL OF THE SCKOTUM.
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attached to the posterior border of the testis. Each border ends above in the

superior extremity, and below in the inferior extremity of the testis. Owing to an
obliquity of the long axis of the gland, the superior extremity of the testis lies on
a more anterior and lateral plane than the inferior extremity.

Epididymis.—The epididymis is a somewhat crescentic .structure, which is curved
round the posterior border of the testis and overlaps to some extent the posterior

part of the lateral surface of tliat organ. The superior, somewhat swollen part of

the epididymis, is called the caput epididymidis or head, and overhangs the superior

end of the testis, to which it is directly connected by numerous emerging ducts, by
connective tissue, and by the serous covering of the organ. The inferior and smaller

end is termed the cauda epididymidis or tail, and is attached by loose areolar tissue

and by the serous covering to tlie inferior end of the testis. The intermediate part,

the body, or corpus epididsrmidis, is applied against, but is separated from, the

posterior part of the lateral surface of the testis by an involution of the serous

covering of the organ, which forms an intervening pocket termed the sinus epi-

didymidis (O.T. digital fossa).

The main mass of the epididymis is composed of an irregularly twisted canal,

the ductus epididymidis, which forms the first part of the duct of the testis.

Minute sessile, or pedunculated, bodies are often found attached to the head of the

epididymis or to the superior end of the testis. These are called appendices of the

epididymis and testis (O.T. hydatids of Morgagni), and have a developmental interest.

The minute body which lies on the superior end of the testis represents the free end of

Miiller's duct in the embryo and the fimbriated end of the uterine tube of the female ; it

is usually sessile. Above the head of the epididymis, and in front of the lower part of

the spermatic cord, there may also be present a small rudimentary body called the

paradidjnnis. This is rarely seen in the adult, and is best marked in young children.

Tunica Vaginalis.—The cavity within which the testis and epididymis are

placed is lined by a smooth serous membrane— the tunica vaginalis—which
resembles in appearance and structure

the peritoneum, from which it is origin-

ally derived. The cavity is considerably

larger than the contained structures,

and extends not only down to a lower

level than the testis, but also reaches

upwards to a higher level than the

gland. The sac, or cavity, tapers as

it is traced upwards, and above the

level of the testis the funiculus sper-

maticus or spermatic cord bulges

forwards into its posterior part. The
tunica vaginalis lines the cavity for

the testis, and is reflected from the

posterior wall of the scrotal chamber
over the testis and epididymis, giving

a covering to each. The part of the

membrane lining the cavity is called

the lamina parietalis or parietal portion

of the tunica vaginalis, while the part

clothing the testis and epididymis is

termed the lamina visceralis or visceral

T^nrtinn "Rptwppn thpi lafpnl cjiirfarp A part of the tunica vaginalis has been removed in order to
portion, lietween rne lateral suriace

^^^^^ ^^^ j^^^^ji grtereutes and lobuii epididymidis.

of the testis and the body of the

epididymis, the visceral part of the tunica vaginalis dips in and lines a narrow

interval called the sinus epididsnnidis (O.T. digital fossa). The entrance to the sinus

is limited above and below by short crescentic folds of the tunica vaginalis, which

pass from the testis to the head and tail of the epididymis. These folds are spoken

of as the superior and inferior ligaments of the epididymis. In three positions the

surface of the testis receives no covering from the tunica vaginalis—superiorly

—Spermatic cord

Fig. 1004.

—

Left Testis and Epididy.mis.
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where the globus major is attached, inferiorly where the cauda epididymidis is in

contact, and posteriorly where the blood-vessels and nerves enter the organ from

the funiculus spermaticus or spermatic cord.

Structure of the Testis and Epididymis.—Beneath the serous tunica vaginalis

the testis is invested by an external coat, composed of dense white inelastic fibrous

tissue called the tunica albuginea, from the deep surface of which a number of

slender fibrous bands or septa dip into the gland. These—the septula testis—im-

perfectly divide the organ into a number of wedge-shaped parts called lobuli testis

(Fig. 1005). All the septa end posteriorly in a mass of fibrous tissue which is

^ . „ . directly continuous with the tunica al-
Tumca albugmea

,
J ii-i_ -^j? j-i.

Septula testis /- N,.^^s^gj^
bugiuea, and which projects forwards into

the testis along its posterior border. This

structure receives the name of mediastinum

testis, or corpus Highmori, and is traversed

by an exceedingly complicated network of

fine canals, into which the minute tubules

which compose the substance proper of the

testis open. The mediastinum is also pierced

by the arteries, veins, and lymph vessels of

the testis. These vessels enter the posterior

border of the organ, and traversing the

mediastinum, spread out on the fibrous septa

which radiate towards all parts of the deep

surface of the tunica albuginea. In this way
Ductus deferens Loay of epididymis a dclicate uetwork of vesscls (tuuica vasculosa)

Testicular artery Mediastinum testis .« n ,-, ^ f c ^^ j. •

IS formed on the deep suriace oi the tunica
Fig. 1005.

—

Transverse Section of the iv • j ti, • j„„ ^f j-v„ „ 4-„

Testis and Epididymis. albugmea and on the Sides of the septa.

The mediastinum, the septa, and the

tunica albuginea form a framework enclosing a number of imperfectly isolated

spaces which are filled by a loosely packed substance of a light brown colour

called the parenchyma testis.

The parenchyma is composed of enormous numbers of much-convoluted semini-

ferous tubules, called tubuli seminiferi contorti, and completely fills up the intervals

between the septa. The minute tubules look like fine threads to the unaided eye,

and are but loosely held together by a small amount of connective tissue. Usually

three or four tubules are found in each lobule of the gland, and the total number

in the testis has been estimated at about 600. The seminiferous tubules, after a

course of about two feet in length, pass towards the mediastinum testis and unite

at acute angles, to form a smaller number of slender tubes which run a straight

course. These latter are called tubuli seminiferi recti, and open into a complicated

network of fine canals situated in the substance of the mediastinum, called the rete

testis. The tubules are much more twisted and convoluted in the cortical part of

the gland, near the tunica vaginalis, than in the region of the mediastinum, and

often give off side branches which, according to some observers, may effect

anastomoses between, the tubules. It appears doubtful, however, if the semini-

ferous tubules of the testis do really anastomose.

Microscopic sections show that the walls of the seminiferous tubules are composed of

a basement membrane and of an epithelial lining, formed of several layers of cells.

Certain cells of this epithelium are, in the adult, constantly undergoing transformation

into spermatozoa, and the appearance of the tubules in section varies much, according to

age and to the greater or less activity of the epithelial cells.

The secretion of the seminiferous tubules is carried through the tubuli

seminiferi recti into the rete testis, and leaves the latter, to reach the canal of

the epididymis, through from fifteen to twenty minute tubules called ductuli

eflferentes testis or efferent ductules. These latter pierce the tunica albuginea and

enter the caput epididymidis where it is in direct contact with the superior

extremity of the testis. Each efferent ductule is at first straight, but soon

becomes much convoluted, and forms a little conical mass of twisted tubule, called
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a lobule of the epididymis (O.T. conus vasculosus). Within the head of the
epididymis the little canals finally open into the single much-convoluted tube
which constitutes the chief bulk of the epididymis, and is called the duct of the
epididymis. This canal, which is not less than 19 or 20 feet in length, may be
said to begin in the head of the epididymis, and to end, after an extraordinarily

tortuous course, at the tail by becoming the ductus deferens (Fig. 1006).

In most cases one or more slender convoluted diverticula from the duct of the epi-

didymis may be found near its lower end. These receive the name of ductuli aberrantes,
and one of them which is very constantly present often measures a foot or more in

len^tli.

Minute Structure.—The duct of the epididymis and the efferent ductules are

lined by a ciliated epithelium, the cilia of which maintain a constant current towards
the ductus deferens. The duct of the epididymis possesses a muscular coat composed of

an inner stratum of transversely and an
outer stratum of longitudinally directed

fibres. The wall, at first thin, becomes Kuniciiins

much thicker as the ductus epididymidis
.sp<nnaticus

approaches the ductus deferens.

Vessels and Nerves of the Testis.—The
testis is supplied by the internal spermatic artery,

a branch ofthe aorta. This slender vessel, after

Head of epididymis

Pampiniform
plexus

Tail of

'

epididymis

Fig. 1006.

Diagram to illustrate the structure of the testis

and epididymis.

c. Duct of epididymis. v.e. Ductuli efferentes testis.
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—

Left Testis and Epididymis viewed
FROM behind, showing the ductus epididymidis

and the first part of the ductus deferens.

a long course, reaches the posterior border of the testis, where it breaks up into branches

which enter the mediastinum testis, and are distributed along the septa and on the deep surface

of the tunica albuginea.

The veins issuing from the posterior border of the testis form a dense pleius, called the plexus

pampiniformis, which finally pours its blood through the spermatic vein, on the right side, into the

inferior vena cava ; on the left side the spermatic vein joins the left renal vein.

The nerves for the testis accompany the internal spermatic artery, and are derived through

the aortic and renal plexuses from the tenth thoracic segment of the spinal meduUa. The
afferent fibres from the epididymis appear to reach the spinal medulla through the posterior

roots of the eleventh and twelfth thoracic and first lumbar nerves. The arteries and nerves of

the testis comnuinicate with those on the lower part of the ductus deferens, namely, with the

artery of the ductus deferens and with twigs from the hypogastric plexus.

The lymph-vessels of the testis pass upwards in the spermatic funiculus, and end in the

lumbar lymj)]! -glands.

DUCTUS DEFERENS.

The ductus deferens (O.T. vas deferens) is the direct continuation of the duct

of the epididymis. Beginning at the inferior extremity of the epididymis, it ends,

after a course of nearly 18 inches, by opening as the ejaculatory duct into the

prostatic or first part of the urethra. The duct in parts of its course is somewhat
convoluted, and the actual distance traversed by it is not more than 12 inches.

Placed in the first instance outside the abdominal cavity, the ductus deferens ascends
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within the scrotum towards the lower part of the anterior abdominal wall, which it

reaches not far from the median plane. During this part of its course the duct,

together with the vessels and nerves of the testis, is surrounded by a number of

loose coverings derived from certain layers of the abdominal wall, and the cord-like

structure so formed is termed the funiculus spermaticus or spermatic cord. The
ductus deferens, together with the accompanying vessels and nerves, now passes

through the abdominal wall in an obhque passage, to which the name canalis

inguinalis is applied. Within the abdomen the duct lies immediately beneath the

peritoneum, and soon crossing over the pelvic brim, it enters the pelvis minor, on

the side wall of which it proceeds backwards towards the base of the bladder. Here,

near the median plane, the ductus deferens is joined by the duct of the correspond-

Median umbilical ligament (urachus)

Plica vesicali.s 11:11 ^ <^ -

1

Urinary bladder

Trigonum femorale
External
iliac V

Paravesical peritoneal fossa

Obliterated umbilical artery

Inferior
rtery

Internal spermatic artery .

Ductus deferens

Recto-vesical pouch
Intervertebral fibro-cartiiage

i Ureter
External iliac artery

Hypogastric artery

Rectum Sacro-genital fold

Fig. 1008.

—

View of the Male Pelvis seen from above and behind.
of the ductus deferens is well seen.

The course

ing vesicula seminalis, and the ejaculatory duct, thus formed, having traversed the

prostate, opens into the urethra.

At first the ductus deferens, like the canal from which it takes its origin, is very

tortuous, but soon increasing in thickness, the duct becomes less twisted, and passes

upwards along the medial side of the epididymis, behind the testis, to enter the

spermatic funiculus (Fig. 1007). Its course is now almost vertically upwards
towards the pubic tubercle, near which, crossing the medial part of the inguinal

ligament [Pouparti], the duct enters the inguinal canal by the subcutaneous inguinal

ring (Fig. 1017). Of the structures composing the funiculus spermaticus the duct
is the most posterior, and it can be readily distinguished, even in the undissected

subject, by its hard firm feel, when it is taken between the finger and thumb. In
the inguinal canal the ductus deferens is directed laterally, upwards, and a little

backwards to the abdominal inguinal ring, where, at a point half an inch above
the inguinal ligament, and midway between the symphysis pubis and the anterior
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superior iliac spine, it enters the abdomen. The distance between the point where
the cord enters the inguinal canal to the point where it leaves it to enter the

abdomen is about one and a half inches. While passing from the suVjcutaneous

to the abdominal inguinal ring the ductus deferens, together with the other

structures of the funiculus spermaticus, rests upon the upper grooved surface

of the inguinal ligament, and is placed behind the aponeurosis of the external

oblique and some of the lower fibres of the internal oblique muscle. From before

backwards the duct rests, in the first instance, upon the falx aponeurotica or con-

joined tendon of the internal oblique and transversus abdominis muscles, and farther

laterally upon the fascia transversalis. Above the funiculus are some arching fibres

of the internal oblique muscle which enter the falx. As the ductus deferens leaves

the inguinal canal by the abdominal inguinal ring, it turns round the inferior

Branclif's of hypogastric artery Bight ureter

Ohtui-ator artery ! Kerve cord from hypogastric plexus

External iliac vessel3^.'*\ /^f Vv^T^' /

, Sacro-genital fold

Obliterated umbilical
artery (lig. nmbilicale)

Plica vesicalis transversa
Vesical arteries

i r

Ductus deferens Paravesical peritoneal fossa

Fn;. 1009.

—

Median Section of the Pelvis in an Adult JIale.

The coils of small intestine and colon which lay within the pelvis have been lifted out in order to give a view

of the side wall of the pelvic cavity.

epigastric artery on its lateral and posterior aspect. Completely changing the

direction of its course, the duct now runs for a short distance backwards, medially,

and upwards, beneath the peritoneum, to a point one and a half to two inches from

the pubic tubercle, where it crosses the ilio-pectineal hne and enters the pelvis minor.

In this part of its course the duct usually lies at first in front of the external iliac

vessels, and then in the floor of a little triangular fossa, the trigonum femorale,

between these vessels and the pelvic brim (Fig. 1009). On the side wall of the

pelvis minor the ductus deferens is continued backwards, and a little downwards and

medially, in the direction of the ischial spine, and lies immediately external to the

peritoneum, through which it can usually be seen shining. In the pelvic part of

its course the ductus deferens crosses on the medial side of (1) the obliterated part

of the umbilical artery, (2) the obturator nerve and vessels, (3) the vesical vessels,

and (4) the ureter (Fig. 1009).
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Beyond the ureter the duct takes a somewhat sudden bend, and passes down-
wards and medially towards the median plane, beneath the peritoneum of the pelvic

floor. Eeaching the interval between the base of the bladder in front and the

rectum behind, the ducts of opposite sides occupy the angle formed between the

vesiculse seminales (Fig. 1012). As they approach one another each duct becomes
somewhat tortuous, sacculated, and dilated, and assumes a general resemblance in

structure to a portion of the seminal vesicle. This dilated part of the ductus

deferens is termed the ampulla ductus deferentis. As it turns medially the duct

lies a short distance behind the ureter, and immediately in front of the free edge of

the peritoneal fold (sacro-genital) which bounds the recto-vesical or recto-genital

pouch of the peritoneum. Just above the base of the prostate the ductus deferens

becomes once more a narrow canal, and in this position it is joined by the duct

of the corresponding seminal vesicle to form the ductus ejaculatorius, which, after

a short course downwards, forwards, and medially through the prostate, opens into

the urethra.

In some cases tlie ductus deferens crosses the obliterated umbilical artery before it enters the

cavity of the pelvis minor ; it normally does so in tbe fcBtus.

^u..Seminal
" Jl I vesicle

i'" *• ~^

r

—Ductus

L t i ^7/ deferens

£^ / Bjaculatory^^ duct

Seminal vesicle

A and B. Drawings illustrating the seminal vesicle and the ampulla of the ductus deferens taken from two
different subjects.

C. The seminal vesicle and ductus deferens have been cut into to show the pitted structure of bheir walls.

Ductus Ejaculatorius (O.T. common ejaculatory duct).—The ejaculatory duct
is a very slender canal, formed by the union of the ductus deferens with the
duct of the corresponding seminal vesicle. It is less than one inch in length,

and lies very close to its fellow of the opposite side as it passes through the prostate

behind its median lobe. The ducts open by slit-like apertures into the first part of

the urethra, one on each side of the utriculus prostaticus. They are well seen in

sections through the upper part of the prostate (Fig. 1011).

The mucous membrane of the duct is thrown into numerous complicated folds, and in

connexion with it are a number of remarkable minute diverticula, which are enclosed

within the muscular coat of the duct.

Vesiculae Seminales.—The seminal vesicles are a pair of hollow sacculated
structures placed in front of the rectum and behind the bladder (Fig. 1012). Each
vesicle is usually about two inches in length, and has its long axis directed
downwards, medially, and somewhat forwards. The superior extremity of the
vesicle, which is partly covered by peritoneum, is large and rounded, and lies at a
considerable distance from the median plane, behind the inferior end of the ureter.

The peritoneum of the recto-vesical or recto-genital pouch separates the upper
end of the seminal vesicle from the rectum ; below the peritoneal cavity the vesicle
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Ureter

Internal urethral orifice

.- Tri>;onuni vesic*

Ureter

DuctUH deferens

and rectum are more intimately related. The vesicle tapers towards its inferior
end, which is placed close to the median plane and immediately above the prostate.
Inferiorly, the vesicle be-

comes constricted to form
a short duct, the ductus

excretorius, which joins the

lateral side of the corre-

sponding ductus deferens

at an acute angle to form
the ejaculatory duct. The
medial side of each vesicle

is related to the ductus
deferens, and the lateral

side, when the bladder is

empty, lies close to the

sloping pelvic tioor. The
seminal vesicle often
assumes a more vertical

position when the bladder is fi«- lOll. — Horizontal Section through the Rectum and

distended; amore horizontal Urinary Bladder at the level at which the Ureters
,. . ' , , 1 1 I T

PIERCE THE Bladder ^\ all.
direction when the bladder

p^.^^^^ ^ specimen in the Surgical Museum, Trinity College, Dublin.

is empty. Its superior end
is sometimes found to be curved backwards agrainst the side of the rectum. In

Rectui,
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of sacrum

Sphincter
ani

Rectum
(cut across)

Sacro-tuber-
ous ligament

Seminal
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Levator ani

Ischio-rectal

fossa
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Fig. 1012.

—

Dissection to display the Posterior Aspect ok the Vesicul.*; Seminales. the Ampull-e
ok the Ductus Dekerentes, and the Prostate. The coccyx and portions of the levatores ani

have been removed, also a considerable portion of the rectum.

some cases the seminal vesicles are much smaller than usual, and may be less

than one inch in length. Frequently they are asymmetrical as regards size and
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shape. The seminal vesicles are more intimately related to the wall of the bladder

than to that of the rectum. Their superior ends are, as we have seen, separated

from the rectum by a portion of the recto-vesical pouch of peritoneum, and

lower do-WTi the septum of fascia which intervenes between the vesiculse seminales

and the rectum is denser than that which separates them from the bladder.

Each vesicula seminalis is in reality a tube bent in a tortuous manner on itself,

and if the dense connective tissue which envelops it is taken away, the length of

the tube when untwisted may be found to be as much as five inches. The tube is

closed above, and a variable number of short tortuous branches come off it at

different levels. The blind end of the tube usually lies at the superior and lateral

extremity of the seminal vesicle, but in some cases the tubular vesicle is so bent

upon itself that the blind terminal part Kes against the side of the issuing duct.

The development of the vesiculge seminales shows that they are to be regarded

as diverticula of the ductus deferentes, from which they originally arise as small

pouches.

The dense tissue in wliicli the seminal vesicles are embedded contains much, unstriped muscle

tissue, which sweeps round in the side wall of the recto-vesical pouch. Inferiorly this
_
tissue

is attached to the capsule of the prostate. The large veins coming from the prostatic and

vesical plexuses are closely related to the seminal vesicles.

SeiQinal
vesicle

Lateral aspect
of prostate

•Urethra

Fig. 1013.

—

The Urinary Bladder, Prostate, akd Seminal Vesicle viewed from the side.

Drawn from specimens hardened in situ.

In A the bladder contained but a small amount of fluid ; in B the quantity was somewhat greater.

Structure of the Ductus Deferens and of the Vesicula Seminalis.

—

Except near its termination, where it is dilated to form the ampulla, the ductus deferens

is a thick-walled tube with relatively a very small lumen. The hard cord-like sensation

which the ductus deferens conveys to the touch is due to the thickness and toughness of

its wall, which is composed of three layers—an outer fibrous tunica adventitia, an inter-

mediate tunica muscularis, and an inner tunica mucosa. The thickness of the wall is

due to the great development of the middle or muscular coat, which is composed of an

intermediate layer of circularly and an inner and outer layer of longitudinally directed

unstriped muscular fibres. Of these layers the middle one is by far the thickest, and

forms the chief part of the thickness of the wall of the ductus deferens. The mucous
membrane of the duct exhibits a number of slight longitudinal folds and possesses a ciliated

epithelium. The ampulla, or terminal part, possesses a much thinner wall, and, as the

surface of its mucous membrane has a number of ridges separating depressed areas, the

lining of this part of the tube presents a pitted or honeycombed appeai-ance. The wall of

the vesicula seminalis resembles that of the ampulla in being thin, and in having a mucous
lining with uneven honeycomb-like ridges and depressions. In it the same coats are to

be recognised as in the ductus deferens, but the muscular layer is much thinner, and the

strata composing it less regularly arranged.

The seminal vesicles are not present in all mammals, and in those in which they do occur

their relative size and form vary much. Among the camivora, marsupials, and some other

groups of mammals, the seminal vesicles do not occur ; in some other animals, such, for instance,

aa the herlgehog, they are relatively of enormous size.
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Vessels and Nerves of the Ductus Deferens and of the Vesicula Seminalis.—The
ductus deferens receives ita arterial supply from the superior or inferior vesical artery. The
arteiy to the duct accompanies that structure, supplying it as far as the test!.-*, wlnre it ends by
anastomosing with brandies of the internid spermatic artery. The vesicula seminalis is suppliea

by the inferior vesical artery. The nerves of the ductus deferens and vesicula seminalis are

derived from the liypogastric plexus. In lower animals the nerves for the seminal vesicles

are derived from the nerve roots of tlie second, third, and fourth lumbar nerves.

Descent of the Testis.

The peculiar course pursued by the ductus deferens in the adult, and the manner in

which it is related to the anterior abdominal wall, are rendered clear by a study of the

arrangement of the parts in the foetus. The testes until nearly the end of intra-uterine

life are placed in the abdominal cavity. Lying at first on the posterior wall of the abdomen
at the level of the upper two lumbar vertebrae, and just below the level assumed at

this time by the permanent kidney, the testis is held in place by a fold of peritoneum or

mesentery, called the mesorchium. As growth goes on the testis is found to occupy a

lower level in the abdominal cavity ; in the third month it lies in the- iliac fossa, and in

the seventh it is situated ,_ ^, ^, „ ^.,. ,

, , , • 1 • -1 Uniiary bladaer Linbilical artery
near the abdomuialmgumal
ring. Meanwhile a blind

pouch or diverticulum of

the peritoneal membrane,
termed the processus
vaginalis peritonaei, has

grown downwards and in-

wards through the anterior

abdominal wall towards the

scrotum, deriving as it goes

a covering from each of the

layers of the abdominal

wall through which it

passes. The testis with its

mesorchium enters the

diverticulum of the ab.-

dominal cavity, and de-

scends within it until the

scrotum is reached. At a

later stage, the connexion

between the part of the

processus vaginalis that lies

in the scrotum and the peritoneal lining of the abdomen becomes lost by the oblitera-

tion of the upper part of the pouch. Thus the part of the processus vaginalis that

persists in the scrotum becomes the parietal portion of the tunica vaginalis ; while the

visceral part of that membrane is the primitive peritoneal covering of the testis and
epididymis (Figs. 1014 and 1015).

Often a small fibrous band—the " ligamentum vaginale "—may be found in the adult

passing through the inguinal canal and joining the peritoneum superiorly in the region of

the abdominal inguinal ring. Sometimes this band is connected below with the tunica

vaginalis, but more often it does not reach so far downwards. When present it represents

the obliterated portion of the processus vaginalis, and is therefore known as the

rudimentum processus vaginalis.

In other rare cases the processus vaginalis may persist after birth as a channel freely

open to the abdominal cavity above, or the passage, becoming closed at intervals, may
give rise to one or more cysts within the coverings of the spermatic funiculus.

It sometimes happens that the descent of the testis is arrested, and then, either

failing to enter the processus vaginalis, the testis remains within the abdominal cavity
;

or entering the processus vaginalis, it fails to reach the scrotum, and lies in the inguinal

canal. The term " cryptorchism " is frequently applied to such cases.

In connexion with the descent of the testis a remarkable cord-like structure—the

gubemaculum testis [Hunteri]—must be mentioned. The gubernaculum arises for the

most part within a peritoneal fold which, at an early time in the development of the

foetus, may be seen stretching from the inguinal region to the Wolffian duct (future

duct of the testis) and inferior end of the mesonephros or primitive kidney. This peritoneal

Kpididymis

Gubernaculum

Mesorchium

Ductus
delereus

Internal sper-

matic vessels

Psoas major

1014.

—

View looklng from above into the Pelvis and Lower
Part of the Abdominal CA\nTY ix a F(etcs of aboct the
Seventh Month.

On the left side, which represents a slightly more advanced condition than

the right, the testis has entered the inguinal canal ; on the right side

the testis is still within the abdominal cavitv.
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fold, termed the plica inguinalis (or plica inguino-mesonephrica), is joined from above

by a less marked fold (the plica testis inferior) -which extends downwards from the

inferior end of the testis, which, at this time, is situated in the abdomen close to the inner

aspect of the mesonephros. Within both these folds smooth muscular and fibrous tissue

arises and gives origin to a continuous band, or ligament— the gubernaculum testis.

The gubernaculum is, therefore, to be regarded as originally composed of two portions

— a part developed within the plica inguinalis, and a part formed within the plica testis

inferior. It is interesting to note that in the female the representatives of these two parts

of the gubernaculum remain separate

throughout life, and constitute the round
ligament of the uterus and the ligament

of the ovary. The gubernaculum, when
it is at its greatest development (about

the sixth month), is rounded and cord-like,

and is attached above to the lower end of

the testis, while inferiorly it is fixed near

the inguinal region. In the lower part

of its course it is closely related to, and is

partly covered by, the peritoneum of the

processus vaginalis. Striped muscular

fibres are present in the lower part of the

gubernaculum, and have their origin from

the muscles of the inguinal part of the

anterior abdominal wall. As the testis

enters the processus vaginalis the gubernaculum atrophies, but at birth a short part of

the gubernaculum may still be found passing downwards towards the inferior part of the

scrotum and lying below the level of the tunica vaginalis. It is considered by some
anatomists that the movement downwards of the testis may be partly due to a pull caused

by the shrinking of the gubernaculum as it atrophies.

In some mammals, such as the elephant, the testes remain permanently within the

abdominal cavity ; while in others, such as the rabbit and the hedgehog, the peritoneal

pouches remain widely open throughout life, and the testes are periodically withdrawn
into the abdomen.

Fig. 1015.

—

Diagram to illustrate tlie descent of the

testis and the manner in which the tunica vaginalis

is derived.

a.c. Abdominal cavity.

p.v. Processus vaginalis.

t. Testis.

s. Scrotum.
t.v. Tunica vaginalis.

X. Rudimentum pro-
cessus vaginalis.
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Funiculus Spermaticus (Spermatic Cord).

The testis in its course downwards through the abdominal wall into the

scrotum takes with it its duct—the ductus deferens—blood and lymph vessels, and
nerves of supply. All these lie together in the inguinal canal as they traverse the

abdominal wall, and when they leave the canal by the subcutaneous inguinal ring

they extend downwards to the posterior border of the testis. The ductus deferens,

the spermatic vessels, and the nerves and
lymph vessels of the testis, loosely con-

nected together, form the funiculus sper-

maticus, or spermatic cord. At the ab-

dominal inguinal ring its constituent parts

separate from one another, and the funi-

culus may therefore be considered to extend
from the abdominal inguinal ring to the

posterior border of the testis. The struc-

tures which form the spermatic cord are en-

closed vdthin a number of coverings derived

from the layers of the anterior abdominal
wall, and these, when the constituents of ^m
the cord reach the posterior border of the

testis, surround the tunica vaginalis, and
80 form a part of the wall of the scrotum.

The sheaths or coverings of the cord derived from the abdominal wall are three in

number, and are named external spermatic fascia, fascia cremasterica, and internal

spermatic fascia. The external spermatic fascia is the most superficial of the
three sheaths, and is derived from the aponeurosis of the external oblique muscle,

Deep fa

Ductus deferens

Artery to ductus deferens

1016.

—

Transverse Section of the Funi-
culus Spermaticus, or Spermatic Cord,
JUST BELOW the SUBCUTANEOUS INGUINAL
Ring.
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with which it is continuous round the margins of the subcutaneous inguinal ring.

The fascia cremasterica consists partly of muscular fibres derived from the lower

part of the internal oblique muscle, and partly of delicate connective tissue.

The muscular fibres constitute the cremaster muscle and, passing down over the

funiculus, form a series of loops round the testis and tunica vaginalis. The internal

sjjermatic fascia is derived from the fascia transversalis of the abdomen. It

passes downwards as a continuous sheath over the cord, and encloses its various

structures, together with a certain amount of areolar tissue derived from the

subperitoneal tissue of the abdominal wall and some smooth muscle filjres.

In addition to the structures enumerated above, the artery to the ductus deferens, the

external spermatic (O.T. cremasteric) artery, and tlie genital branch (n. spermaticus externus)

of the genito-femoral nerve, accompany the structures forming the funiculus sj)ermaticus.

Scrotum.

The scrotum, in which the testes are placed, varies much in appearance in

different subjects, and even in the same individual at different times. As the

Sulicutanfous inguinal ring

Cut edge of aponeurosis of external oblique

Internal oblique i

Aponeuiosis ,.t , t.i :,:il Mbli<iui»

(cut P<iK>-)

Aponeurosis of
external oblique

Ligamentum inguinale

Cremaster muscle ./i

Funiculus spemiaticus

FaLx aponemotica (" conjoined tendon ")

Suspensory ligament of penis
i ", Ductus deferens

i

I

Pubic tubercle

I

Ductus deferens

Intercolumnar fascia

Fig. 1017.

—

Dissection to show the Funiculus Spermaticus as it issues from the Subcutaneous
Inguinal Ring. On the right-hand side of the figure the fuuiculus hab been cut acros«. and the
structures composing it are seen in section. On the left-hand side of the figure the external oblique
muscle has been removed.

result of cold or of exercise, the wall of the scrotum becomes contracted and firm,

and the skia covering it wrinkled ; at other times the wall may be relaxed
and flaccid, the scrotum then assuming the appearance of a pendulous bag. The
left side of the scrotum reaches to a lower level than the right, in correspondence
%vith the lower level of the testis on that side of the body. The skin covering

the scrotum is of a darker colour than the general skin of the body, and is

covered with hair. It is marked in the median plane by the raphe scroti, which is

continued backwards towards the anus, and forwards on to the inferior, or

urethral, surface of the penis. The difference in the appearance of the scrotum
at different times is due to the amount of contraction or relaxation of a layer of

83
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muscular fibres, constituting the tunica dartos, situated in the superficial fascia.

When this muscular layer is contracted, the scrotum becomes smaller and some-

what globular, and the skin is thrown into folds or wrinkles called rugse; when
it is relaxed, the scrotum is flaccid and pendulous, and the skin becomes more

smooth and even. The layer of fascia which contains the smooth muscle fibres

can be shown to be continuous superiorly with the superficial fascia of the penis,

and with the deep layer of the superficial fascia of the abdomen, and to be attached

laterally to the bones forming the pubic arch. The muscle fibres are arranged

in a thick layer of interlacing bundles, and many of the deeper fibres are continued

into the septum scroti, which divides the scrotum into two cavities, one for each

testis. The wall of each of these cavities is formed by the corresponding tunica

vaginalis, infundibuliform fascia, fascia cremasterica, and intercolumnar fascia; while

the skin, the superficial fascia, and the superficial part of the dartos muscle form

coverings which are common to the whole scrotum, and enclose both cavities.

The layer of tissue immediately beneath the dartos tunic is made up of exceedingly

loose and easily stretched areolar connective tissue, and in it, • as throughout

in the superficial fascia of the scrotum, there is an entire absence of fat.

The scrotum in tlie foetus contains no cavity, but, like the labia majora in the female, it is

comiDOsed entirely of vascular connective tissue.

Vessels and Nerves of the Scrotum.—The scrotum receives its vascular supply from the

posterior scrotal branches of the perineal divisions of the internal pudendal arteries, which reach

it from behind, and from the external pudendal branches of the femoral artery, which reach its

upjier and anterior part.

The nerves of the scrotum are derived on each side from the posterior scrotal branches of the

perineal division of the pudendal nerve, from the perineal branch of the posterior cutaneous

nerve of the thigh, and from the ilio-inguinal nerve. The branches from the pudendal and

posterior cutaneous nerves reach the scrotum from behind, while the ilio-inguinal supplies its

upper and anterior part. The nerve fibres for the dartos muscle fibres are believed to have their

origin from the hypogastric plexus.

PENIS.

The penis is composed chiefly of erectile tissue, and is traversed by the canal

of the urethra. The surface nearest to which the canal of the urethra lies is

called the fades urethralis, or urethral surface ; the opposite and more extensive

aspect is the dorsum penis. The erectile tissue is for the most part disposed

in three longitudinal columns, which in the body of the organ are placed side by

side, while at the root of the penis they separate from one another, and become

attached to the fasciajnferior of the urogenital_jdiaphragm and to thepubic_arcli.

Two of these masses of erectile tfssue, placed one on each side of the nieaian'plane,

and forming the dorsum and sides of the penis, are called the corpora cavernosa

penis, while the third, which is called the corpus cavernosum uretlirse (O.T. corpus

spongiosum), is situated in the median plane near the urethral surface. The corpus

cavernosum urethr^e is the part of the penis which is traversed by the urethra,

and it is considerably smaller than the corpora cavernosa penis, which form the

chief bulk of the organ.

In the corpus penis, or body of the penis, each corpus cavernosum penis is placed

close to the median plane, and presents a rounded surface, except where it is

flattened by contact with its fellow of the opposite side. The corpora cavernosa

penis are separated on the anterior or dorsal surface by a shallow groove, and on

the posterior or urethral aspect by a deeper and wider furrow, in which lies the corpus

cavernosum urethrie (Fig. 1018). Towards the distal end of the penis the corpus

cavernosum urethrge appears to expand, and, spreading towards the dorsal surface of

the organ, it forms a kind of conical cap, the glans penis, which covers over the blunt

rounded termination of the corpora cavernosa penis. The prominent margin of

the glans, called the corona glandis, projects dorsally and laterally beyond the

extremities of the corpora cavernOsirpenis. The glans is traversed by the terminal

part of the urethra, which ends near the summit of the glans in a slit-like opening

called the orificium urethrse externum, or external urethral orifice. The united

corpora cavernosa penis end in a blunt conical extremity, the apex of which is
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received into a hollow in the base of the glans. The skin covering the body of

the penis is thin, delicate, and freely movable, and, except near the root of the

organ, is free from hairs ; on the urethral aspect of the jjenis the skin is marked
by a median raphe, continuous with the raphe of the scrotum. Traced towards

the base of the glans, the skin forms a free fold called the praeputium, or prepuce,

which overlaps the glans to a variable extent. From the deep surface of the

prepuce the skin is reflected on to the terminal part of the penis, along a line just

proximal to the corona glandis, and is continued over the entin^ glans to the

external urethral orifice. A small median fold, the frenulum praeputii, passes to the

deep surface of the prepuce from a point immediately below the orificium urethra;

externum. The skin covering the glans is firmly attached to the underlying

erectile tissue, and here, as well as on the deep surface of the prepuce, it presents

some resemblance to mucous membrane.

Sometimes minute sebaceous glands, glandulae prseputiales, arc found in very variable

numbers on the glans and inner surface of the prepuce ; the secretion from these when
they are present may help to form the smegma praeputii, which tends to collect in the

groove between the glans and the prepuce. The main source of the smegma is to be

found in the desquamated and broken-down epithehal cells derived from the surface of

the glans and prepuce.

At the radix penis, or root, the three component parts of the organ separate

from one another (Fig. 1018).

The corpora cavernosa
penis, diverging from
each other laterally, at first

become somewhat swollen,

and then, gradually tapering,

gain a firm, fibrous attach-

ment to the periosteum on the

medial surface of the pubic

arch. These diverging parts

of the corpora cavernosa are

called the crura penis, and
each is covered by the cor-

responding ischio-cavernosus

muscle. The corpus caver-

nosum urethrse lying between
the crura becomes enlarged,

and forms a somewhat spheri-

cal mass which receives the

name bulbus urethrae. The
bulb varies much in size in

different individuals, and is

attached to the under sur-

face of the fascia inferior of

the urogenital diaphragm,

against which it rests. The posterior part and under surface of the bulb usually

show a median notch or groove—an indication that the bulb is originally composed

of two symmetrical portions, which during development have become fused in the

median plane. These two portions are termed the hemispheria bulbi uretlirae, and

are best seen in subjects whose tissues have been hardened by intravascular

injection. A slightly marked median septum, situated within the bulb tissue,

indicates on a deeper plane the line along which fusion has taken place. The

canal of the urethra, piercing the fascia inferior of the urogenital diaphragm, enters

the bulb obliquely a short distance in front of its posterior extremity (Fig. 1024).

Covering the superficial surface of the bulb is the bulbo-cavernosus muscle.

A somewhat triangular band of strong fibrous tissue, called the ligamentum

suspensorium penis, is attached to the front of the symphysis pubis, and extends

to the fibrous capsule of the penis, with which it becomes continuous (Fig. 1017).
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Urethra
Corpus caver-
iiosvini urethrre

Fio. 1018.—STKucnjHE.s composiku the Radix Penis.

The corpus penis is seen in section.
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Structure of the Penis.— Each corpus cavernosum penis is enclosed by a dense

white fibrous coat

—

tunica albuginea corporum cavernosorum, which, fusing with

the corresponding coat of the opposite side, forms a median septum penis. The septum
is very incomplete, especially near the terminal part of the penis, where it is interrupted

by a number of nearly parallel slit- like perforations; hence the term "septum
pectiniforme " is often applied to it (Figs. 1019 and 1020). Through these openings the

erectile tissue of the corpora cavernosa of opposite sides is continuous.

The fibrous coat contains some elastic fibres, and may be divided into an outer layer

of longitudinally directed fibres and an inner layer of circular fibres, some of which
latter are continued into the septum. Numerous fibrous strands, called trabeculse

corporum cavernosorum, proceed from the deep surface of the tunica albuginea, and
stretching across the interior of the corpus cavernosum, form a fine sponge-like framework
whose interspaces communicate freely with one another, and are filled with blood.

These blood-containing spaces lead directly into the veins of the penis, and, like the veins,

have a lining of flat endothelial cells. The size of the penis varies with the amount of

blood in this cavernous tissue. The structure of the corpus cavernosum urethrae

resembles that of the corpora cavernosa penis, but the fibrous coat is much thinner and
more elastic, and the trabeculee are finer (Fig. 1019).

The glans penis is also composed of cavernous tissue which communicates by a rich

venous plexus, situated on the ventral aspect of the urethra, with the corpus spongiosum
urethrse. No strongly marked tunica albuginea is present, and the erectile tissue is

practically bounded by the firmly adherent skin. Surrounding the urethra, which in this

part of the penis is represented by a laterally compressed slit -like passage, is a mass of

fibro-elastic tissue which forms a kind of median septum within the glans. This septum

Dorsal vein
Dorsal artery

|
Dorsal ner\e

Corpus cavernosum
\ penis

Corpus cavernosum
urethrje

Glans penis

Corpus cavernosum
penis

Urethra

Fig. 1019. -Transverse Section through the
Body of the Penis.

Fig. 1020.—A Longitudinal Section of the
Terminal Portion of the Penis.

is continued backwards to join the sheath of the conical end of the corpora cavernosa, and

ventrally it gives attachment to the frenulum of the prepuce. It imperfectly divides the

erectile tissue of the glans into right and left portions, which, however, freely communicate

dorsally. From the septum, trabeculte pass out in all directions into the tissue of the glans.

Loosely surrounding the corpora cavernosa penis and the corpus cavernosum urethrse

is a fibrous sheath containing numerous elastic tissue fibres. This sheath is termed the

fascAa jjenis, and reaches as far as the base of the glans, where it becomes fixed to the

floor of the groove limited by the corona glandis. In its proximal part the sheath gives

insertion to many of the fibres of the bulbo-cavernosus and ischio-cavernosus muscles.

Superficial to the fascia penis is a layer of extremely lax areolar tissue, and more

superficial still is a prolongation of the tunica dartos of the scrotum, covered by the

delicate skin of the penis. Numerous sebaceous glands are present in the skin,

especially on the urethral aspect of the penis.

In some mammals, such as the walrus, dog, bear, baboon, etc., a bone called the os penis is

developed in the septum which intervenes between the corpora cavernosa penis.

Vessels and Nerves of the Penis.—The penis receives its arterial supply from branches of

the internal pudendal artery. The erectile tissue of the corpora cavernosa penis is supplied

chiefly by the deep arteries of the penis, while that of the coriws cavernosum urethrse receives ite

arterial supply from the artery to the bulb. Branches of the dorsal artery of the penis piercing

the fibrous coat of the corpora cavernosa penis furnish additional twigs to the erectile tissue of

these structures. The glans receives its chief blood-supply from branches of the dorsal artery.

The small branches of these arteries run in the trabeculae of the erectile tissue, and the

capillaries, into which they lead, open directly into the cavernous venous spaces. As they
lie in the finer trabeculae the smaller branches often present a peculiar twisted appearance,

and hence the name arterise helicinse is sometimes applied to them.
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The veins with which the cavernous spaces communicate, cany the blood, for the most part,

either directly into tht- pudendal plexus, or into the dorsal vein and so to the pudendal plexus.

The dorsal vein of the j)enis begins in. tributaries from the gians and jjrepuce, and lies in the
groove between the corpora cavernosa penis as it ascends to pass Vjeneath tne arcuate ligament
of the pubis to join the pudendal plexus. On each side of it lies the dorsal artery, and still

farther from the median plane lies the dorsal nerve (Fig. 1019).

Tiie lymph-vessels of the penis are arranged in a deep and superficial series, and end in the
medial glands of the inguinal group of lymph-glands.

The nerve-supply of the j)enis is derived from the pudendal nerve and from the hypo-
gastric and pelvic plexuses. The branches of the pudendal are the dorsal nerve of the penis,

and brancht's from the perineal nerves. These supply the cutaneous structun-s of the penis,

while the sympathetic filaments from the hypogastric and pelvic plexuse.s, which reacn the

penis through the prostatic nerve plexus, end in the erectile tissue.

PROSTATA.

The prostata, or prostate, is a partly glandular, partly muscular organ of a dark
brown-red colour which surrounds the beginning of the urethra in the male. It

lies within the pelvis behind the pubes, and is enclosed by a dense sheath derived

from the pelvic fascia. Through the various connexions of this sheath the
prostate is firmly fixed within the pelvic ca\dty. The ejaculatory ducts traverse

the prostate in their course downwards and forwards to join the urethra as it

Fig. 1021.

—

Urixary Bladder, Pho.state, and Seminal Vesicles viewed from the Side.

Drawn from specimens hardened in situ.

descends through the gland (Fig. 1023). The size of the prostate varies con-

siderably in different individuals, but its transverse, or longest, diameter is usually

from one and a quarter to one and a half inches; its antero -posterior diameter
about three-quarters of an inch ; and its vertical diameter about one and a quarter

inches. Superficially the prostate is separated from the bladder by deep wide
lateral grooves directed downwards and forwards, and by a naiTow posterior groove
which is horizontal.

In connexion with the prostate we describe an apex which is directed down-
wards, a base looking upwards, a posterior, and two lateral surfaces. The general

outline of the organ has been often compared with that of a Spanish chestnut.

The upper surface, or basis prostatas, is directed upwards against the inferior aspect

of the bladder, in the neighbourhood of its urethral opening. The greater part of

this surface is structurally continuous with the bladder wall, only a narrow portion

remains free on each side, and forms the lower limit of the deep groove which
marks the separation of the bladder and prostate (Fig. 1021). The lateral surfaces

of the prostate are convex and prominent, especially in their posterior and upper
portions, and rest against the fascia covering the levator ani muscle. They are

directed for the most part laterally, downwards, and somewhat forwards, and meet
together in front in a rounded anterior border, sometimes called the "anterior

surface," or " fades anterior, ' of the prostate. Posteriorly the prostate presents a

flattened somewhat triangular posterior surface, directed backwards and downwards
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Infero-lateral
area

acrainst the anterior wall of the rectum, from which it is separated by a layer

of the pelvic fascia. This flattened fades posterior is separated oh each side from

the lateral "surfaces by a rounded border which, beginning above at the prominent

lateral part of the prostate, ends below at the apex of the organ. The apex

prostatas points downwards, and is in relation to the sphincter urethrse membranacese

muscle, from which it is separated by the fascia superior of the urogenital

diaphragm. From the apex the rounded anterior border, which separates the lateral

surfaces, passes upwards in the median plane behind the symphysis pubis and retro-

pubic pad of fat. This border is interrupted in its lower part by the passage of the

urethra.

When the sheath formed by the pelvic fascia is stripped off the prostate the

or^an has a more rounded outhne, and the surfaces just described are not so

clearly defined. The anterior border may now appear to be rather a surface than a

border, and the antero-posterior diameter of the whole organ is considerably

reduced.

The urethra enters the prostate at a point near the middle of its upper surface,

and leaves it at a point situated on its anterior border, just above and in front of

the apex. As it descends, the urethra describes a curve which is concave forwards,

and in median section it is seen to lie, on the whole, nearer to the posterior surface

than to the anterior border of the gland.

The ejaculatory ducts, entering a slit-like interval, or hilum, situated just in front

of the border which separates the base from the posterior surface of the prostate.

Bladder apex ^^^ dowuwards, medially, and forwards,

to open into the prostatic portion of

the urethra very close to one another.

The somewhat wedge-shaped portion

of the prostate, which lies between
these ducts and the posterior aspect

of the urethra, receives the name of

lobus medius (Fig. 1023). The base of

this middle lobe projects upwards
against the bladder, and is continuous

with the part of the bladder wall lying

immediatelybehind the urethral orifice.

When hypertrophied, as it often is in

old people, the middle lobe of the

prostate may cause a considerable

elevation in the cavity of the bladder,

to which the term uvula vesicae is

applied. This elevation possesses con-

Drawn from a specimen hardened in situ. The lateral gi^erable SUrgical interest (p. 1277).

SfuSb:: ^d rt.'t :;y::;:Z^S^tf "' The rest of the prostate is described

as being composed oi two large lateral

lobes, which are, however, not marked off from one another superficially.

In front of the prostate, between it and the pubis, is a rich venous plexus

—

plexus

pudendalis—in which the dorsal vein of the penis terminates. This plexus is

continued backwards, on each side, round the lateral aspect of the prostate, and

joins the large thin-walled veins which are collected for the most part in the deep

sulcus between the bladder wall and the prostate, and form the prostatico-vesical

plexus. Most of the veins forming this plexus He partly within and partly

outside the dense fibrous sheath of the prostate, which is derived from the visceral

pelvic fascia (Figs. 1023 and 1024).

Fibrous Sheath of the Prostate.—The sheath of the prostate is formed by

the visceral pelvic fascia, and closely invests the gland on its lateral and posterior

aspects. Inferiorly at the apex of the prostate the sheath becomes continuous with

the fascia superior of the urogenital diaphragm, which lies above the sphincter

urethr£e membranacese muscle, and is attached to the pubic arch. In front two

thickened bands pass forwards from the anterior aspect of the sheath, one on each

side of the median plane, to reach the back of the lower part of the pubis, where

Uieter

Semmdl \esiclp

Fig. 1022.

—

Prostate, Urinaut Bladder, and

Seminal Vesicles seen from below.
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they are attached to the periosteum. These constitute the pubo-prostatic liga-

ments, and contain smooth muscle fibres, as well as dense connective tissue.

Some of the muscle fibres in connexion with the pubo-prostatic ligaments, jjassing

upwards as well as backwards, gain the bladder wall, and are spoken of as the

pubo-vesical muscles. Below the pubo-prostatic ligaments the nujdial edges of

the levatores ani muscles pass medially and almost meet togetiier in front of the

apex of the prostate. When followed backwards, the medial edges of these muscles
are seen to closely embrace the apex of the prostate. This layer forms a part of

the wall of the retro-pubic space which lies in front of the prostate and below the

bladder (Fig. 1024).

Between the pubo-prostatic ligaments there is a shallow fossa, or depression, the

door of which is formed by a thin layer of fascia connecting the anterior aspect of

the sheath of the prostate with the back of the pubis. On each side of the body
the lateral aspect of the sheath of the prostate is continuous with the strong fascia

which covers the pelvic surface of the levator ani muscle. When the fibrous sheath
of the prostate is traced upwards beyond the level of the upper margin of the gland
it becomes thinned out and joins the fascial covering of the bladder. Posteriorly the

Pubo-prostatic lit;ameiits

/ ^^ ^^ ^^^^-l \ Pudendal plexus

^^^i^ ^^^i

Capsule

Crista ^,^
uretlirali

""

Lobules/
of jclari'l

E.jaeulatory ducts Lobules of gland

A B

Fig. 1023, A aud B.—Horizontal Sections through the Prostate. Section A lies at a higher level than B.

upward prolongation of the sheath is continuous with the fascial layers which
enclose the ampullae of the ductus deferentes and the seminal vesicles, and it is

adherent to the peritoneum of the recto-vesical pouch. In this position it is often

spoken of as the recto-vesical fascia.

Structure of the Prostate.—Beneath the fibrous sheath of the gland the

superficial part of the prostate is seen to be largely composed of matted interlacing

bundles of smooth muscle and connective tissue fibres, which form a kind of capsule for

the deeper parts of the organ. This layer, or capsule of the prostate, is not sharply
defined, but from its deep aspect fibrous and muscular strands pass inwards, converging
towards the posterior wall of the urethra, to become continuous with the mass of smooth
muscular tissue which surrounds this canal as it traverses the prostate. These somewhat
radially arranged strands divide the prostate into a number of incompletely defined

loljules, of which there appear to be about fifty. The yellowish-coloured glandular tissue,

or corpus glandulare, which forms the lobules is composed of minute, slightly branched
tubules, the walls of which in certain places show numerous saccular dilatations. In the

upper portion of the gland the tubules are slightly dilated and shorter than in the lower

part, where they are longer and more convoluted. The glandular tubules lead into the

minute prostatic ducts, which open into the urethral canal as it traverses the prostate.

I'he ductus prostatici number about twenty or thirty, and open for the most part into

:i groove on each side of the median elevation, or crista urethralis, in the posterior wall

of the urethra (Fig. 1023 a).

The bulk of the glandular tissue is situated at the sides of and behind the urethra.

In front of the upper part of the prostatic portion of the urethra there is a mass of

83 6
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smooth muscular fibres, which is continued upwards and backwards on the sides of the

urethra to form a part of the "sphincter vesicae." At a lower level striped muscular

tissue, which is continuous with the deep part of the sphincter urethrse membranacese

muscle, occupies a position in front of the urethral canal.

The muscular tissue of the prostate is to be regarded as the thickened muscular

layer of the wall of the urethra, broken up and invaded by the prostatic glands

which arise and are developed from the lining layer of the canal during embryonic life.

In old age the prostate frequently undergoes a hypertrophy, which may affect chiefly

the glandular tissue, or the entire organ. Not infrequently calcareous concretions are

found embedded in the pi'ostate.

Vessels and Nerves of the Prostate.—The prostate receives its blood-supply from branches

of the hsemorrlioidal and inferior vesical arteries, while the large plexus of veins^plexus pudendalis

—which siuToimds it, and into which the veins of the penis open, communicates with the vesical

plexus, and drains into the hypogastric veins. In old people the veins of the prostate usually

become much enlarged.

Tlie nerves of the prostate are derived from the hypogastric plexus.

GLANDUL.E BULBO-URETHRALES.

The "bulho-uretliral glands (O.T. glands of Cowper) are a pair of small bodies

placed in relation to the second, or membranous, part of the urethra. They are

each about the size of a pea, and are of a yellowish-brown colour. Situated

in the space between the two fasciae of the urogenital diaphragm, they he

below the level of the apex of the prostate, and above that of the bulbus urethrse

(Figs. 1024 and 1026). Each gland is made up of a number of closely applied

lobes or lobules, and is of the compound racemose type. The ductules of the gland

unite to form a single ductus excretorius, which pierces the bulbus urethrse, and,

after a relatively long course, ends by opening into the cavernous portion of the

urethra by a minute aperture. The secreting acini are lined with columnar

epithelium.

The glands receive their arterial supply from the artery to the bulb.

In old age the.se glands are often difficult to find without a microscopic examination.

UEETHRA VIRILIS.

The urethra in the male is a channel of about eight inches in length leading

from the bladder to the external urethral orifice at the extremity of the glans

penis. The canal serves not only for the passage of urine, but it also affords an

exit for the seminal products, which enter by the ejaculatory ducts, and for the

secretion of the prostatic and bulbo- urethral glands. In addition, numerous

minute glandulae urethrales pour their secretion into the urethra.

As it passes from the internal urethral orifice, to its external opening, the

urethra describes a somewhat lP shaped course, and it is customary to divide it into

certain sections, which have received distinctive names. The first part of the

urethra lies within the pelvic cavity, and has a somewhat vertical course as it

traverses the prostate. Turning more forwards, the urethra passes below the

pubic arch, and pierces the fibrous layers which form the pelvic wall in this

region. Leaving the pelvis minor, the canal enters the bulbus urethras, where

the latter is attached to the fascia inferior of the urogenital diaphragm, and

throughout the rest of its course it lies in the erectile tissue of the corpus caver-

nosum urethrse and of the glans penis. The part of the urethra which lies

embedded in the prostate is called the pars prostatica, or prostatic portion ;
the short

X>art which pierces the pelvic wall is called the pars membranacea, or membranous

jjortion, and the part surrounded by the corpus cavernosum urethrse receives the

name of pars cavernosa, or cavernous portion. Of these three sections of the urethra

the cavernous portion is much the longest, and the membranous is the shortest.
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Pars Prostatica Urethrae Virilis.—The prostatic part of the Diale urethra

descends through the prostate from the base towards the apex, describing

a slight curve which is concave forwards. It is about one inch in length,

Bulb of uretlira

>[i»mbranous urethra

Corpus cavernosum penis

Fig. 1024.—Dissection of the Male Pelvic ORiiANS and of the Penis,

FROM THE Side.

The dorsal vein of the penis and the pudendal venous plexus are coloured blue.

and is narrower above and below than in its middle portion, which is, indeed,

the widest part of the whole urethral canal. Except wliile fluid is passing,

the canal is coUapsed, and the mucous membrane of the anterior and posterior

waUs is in contact, and thrown into a series of longitudinal folds. When

distended, the middle, or widest part of the canal, may normally have a diameter
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of about one-third of an inch. The posterior wall, often termed the " floor " of

the prostatic urethra, presents a distinct median ridge or elevation called the

crista urethralis (Fig. 1026). This projects forwards into the urethra to such

an extent that the canal in transverse section presents a somewhat crescentic

outline. In the depressions, or grooves, on each side of fthe crista urethral]

s

Inferior

epigastric artery

Superior peritoneal lig. \

of bladdei
Urinary bladdei

Sacro-genital fold

Recto-vesical poueli

Ductus deferens

Retro-pubic pad of fat

Prostatic urethra

Dorsal vein of peni

Corpus cavernosum peni

Corpus cavernosini
urethrte

Anal canal

Membranous urethra

Cavernous portion of urethra Bulb of urethra

Fig. 1025.

—

Adult Male Pelvis in Median Section.

The uriiiriry bladder is empty and firmly contracted. The uretlira is opened up in its entire length.

the numerous ducts of the prostatic glands open by minute apertures. Some

few ducts from the middle part of the gland open nearer the median plane, on

the sides of the urethral crest. On the summit of the crista urethralis is

a slit - like opening which leads backwards and upwards for a distance of

about a quarter of an inch, as a blind pouch, in the substance of the prostate.

This little cavity is known as the utriculus prostaticus, and represents the

fused posterior ends of the Mlillerian ducts, from which the uterus and vagina

of the female are developed. The term uterus masculinus is therefore some-

times applied to this little pouch., On each side of the mouth of the utricle

is the much more minute opening of the ejaculatory duct. When traced upwards

towards the bladder, the urethral crest, diminishing in height, becomes indistinct.
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but in it can often be traced as a slight median ridge as far as the uvula vesicae.

When followed in the opposite direction the ridge becomes less marked, and
can be followed on the urethral wall into the membranous portion of the canal,

where it divides into a pair of inconspicuous folds or elevations, which gradually

fade out into the urethral wall (Fig. 1026).

The curvature and, to a less degree, the length of the prostatic urethra depends
upon the amount of distension of the bladder and of the rectum (compare Figs. 989
and 990).

Pars Membranacea Urethrae.—The second, or membranous portion, of the

—UretfT

Orifice of ureter

-Trigonuiii vesicae

•Uvula vesicaR

Opening lof ejacnlatory duct-' ~ Utriciilus prostaticus

Corpus cavernosuni pi-nis (cut)

Hulbo-iirctliral tjland

Membranous urethra

Opening of duct of bulbo-
uretliral .irland

Fk;. 1026.

—

Dissection showing the Trigonom Vesic.« and the Postekiok Wall or Floob of the
Ukethra im its Prostatic, Membranous, and the Proximal Part of its Cavernous Subdivisions.

The canal has been opened up by removing its anterior and upper wail.

urethra leads downwards and forwards from the apex of the prostate to the

bulbus urethrffi, and is the shortest and narrowest of the three subdivisions of the

canal, its length being somewhat less than half an inch. It begins at the superior

fascia of the urogenital diaphragm, a layer of pelvic fascia which lies above the

sphincter urethrse membranacese muscle. Here it is continuous with the prostatic

portion of the urethra. It ends, having pierced the inferior fascia of the uro-

genital diaphragm, by becoming continuous with the cavernous portion of the

urethra. Placed in front of the anal canal, it lies about one inch behind and below

the arcuate ligament of the pubis (O.T. sub-pubic ligament). It is surrounded by

fibres of the sphincter urethrae membranaceae muscle, and behind it, on each side of

the median plane, lies the bulbo-urethral gland. The posterior part of the bulbus
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urethrse projects backwards and overlaps the posterior wall of the membranous
part of the urethra to a considerable extent (Fig. 1024).

The membranous portion of the urethra is the most firmly fixed and least

dilatable part of the passage.

A slight medial elevation, which is continuous above with the crista urethras,

projects into the canal from its posterior wall, and, becoming less marked as it is

traced downwards, is often seen to divide into two faint ridges. When the canal

is emptj other longitudinal folds or ridges are usually to be seen on the mucous
membrane, but these become obliterated when the passage is distended. The
lumen of the empty tube, in transverse section, presents a stellate outline.

It is important to note that the terminal portion of the pars membranacea urethree,

where it is overlapped posteriorly by the urethral bulb, lies in front of the urogenital

diaphragm. It is considerably wider than the upper part of this subdivision of the canal,

and is very thin-walled. Tliis is the part of the canal which is most liable to rupture

(Figs. 1024 and 1026).

Pars Cavernosa Urethrse.—The third, or cavernous portion, of the urethra

is much the longest of the three subdivisions. It begins at a point about half

an inch in front of the posterior end of the bulbus urethras, and ends at the

external urethral orifice on the glans penis. Its proximal, or perineal, portion

has a fixed position and direction, while its distal part varies with the position

of the penis. The canal is about six inches in length, and is related throughout

its whole extent to the erectile tissue of the corpus cavernosum urethrse and
of the glans penis. Directed at first forwards through the bulbus urethrse, the

canal turns downwards and forwards at the point where it comes to lie in front

of "the lower part of the symphysis pubis (Fig. 1025). This bend in the direction

of the canal, roughly speaking, corresponds to the place of attachment of the

suspensory ligament to the dorsum of the penis. When the penis is drawn
upwards towards the front of the abdomen, the direction of the terminal half of

the canal is, of course, changed, and at the same time the whole length of this

subdivision of the urethra becomes more uniformly curved.

The urethra passing obhquely downwards and forwards enters the bulb at a point

nearly half an inch from its posterior extremity. Immediately after the canal has

pierced the fascia inferior of the urogenital diaphragm its posterior aspect becomes

surrounded by the erectile tissue of the bulb, but the anterior wall remains un-

covered for a distance of about a quarter of an inch (Fig. 1025). The wall of the

urethra is here very thin, and the passage is more readily dilatable than in other

parts. In this region the urethral wall may readily be torn through, if undue

force is used, or if the handle is depressed too soon when attempting to pass an

instrument into the narrower more fixed part of the canal. The urethra lies at

first in the upper part of the erectile tissue, but as it passes forwards it sinks

deeper, and comes to occupy the middle part of the corpus cavernosum urethras

(Fig. 1025). In the glans, on the other hand, the erectile tissue lies on the dorsal

and lateral aspects of the urethra. Like the other parts of the urethral passage,

the pars cavernosa is closed except during the passage of fluid, the closure being

effected by the apposition of its dorsal and ventral walls except in the portion

of the canal which lies in the glans penis, where the side walls of the canal

come into contact. Thus the lumen of the first part of the canal, when empty,

is represented in cross section by a transverse slit, and that of the terminal part

by a vertical slit (Fig. 1027). The cavernous part of the urethra does not

present a uniform calibre throughout, but is narrower in its intermediate part,

where it traverses the corpus cavernosum urethras, than it is in those portions

of its course which are surrounded by the bulb and the glans. The terminal

dilated part of the passage is termed the fossa navicularis urethrae, and opens on

the surface by the vertically placed slit-like orificium urethrse externum, or external

urethral orifice, which is the narrowest and least dilatable part of the whole

urethral canal.

The ducts of the bulbo-urethral glands open by very minute apertures in the

inferior wall of the proximal part of the cavernous portion of the urethra. Before
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opening into the canal, they lie for some distance immediately beneath its mucous
membrane. A num})er of little pit-like recesses, called the lacunae urethrales, also

open into the cavernous part of the urethra, and are so disposed that their openings

lead for the most part obliquely into the canal in the direction of its external orifice.

In sijiiie cases a somewhat valve -like fold of the mucous membrane, the valvula fossae

navicularis, is found in the u])per wall of the urethra in the region of the fomsa navi(;ularis.

The free edge of this fold is directed towards the external urethral orifict', and niay engage
the i)oint of a line instrument introduced into the urethra.

Structure.—The mucous membrane of the urethra contains numerous elastic fibres

and varies in thickness in ditterent parts of the canal. In many positions it shows

distinct longitudinal folds and also minute depressions or pits— the lacuna; uretlirales,

already mentioned. The lining epithelium is composed of many layers of cells, and is

continuous through the internal urethral orifice with the epithelium of the bladder,

which at first it closely i-esembles. In the region of the fossa navicularis the lining cells,

which throughout the cavernous portion of the canal are of a columnar type, become flat

and scaly.

Numerous minute glands—glandulae uretlirales—open into the urethra. These are

most plentiful in the upper, or anterior, wall, but they also occur in smaller numbers in

the floor and side walls. They are most numerous in the anterior half of the cavernous

portion of the canal, and in the membranous subdivision of the urethra.

Dorsal vein
Dorsal niteiv llnrsiil iiorvR

Corpus cavornosuin
penis

Gjaiis i)oiii

Corpus cavernosum
penis

Fosi-a
Corpus caveniosuni navicularis
urctluif Uietiiia

L'relhia

Fig. 1027.—A, Transverse Section through the Body of the Penis. B, Longitudinal Section
OF THE Terminal Portion of the Penis.

The larger glands are deeply placed beneath the mucous coat, and communicate with

the urethra by long slender obliquely placed branched ducts. The smaller glands lie in

the mucous coat and form flaskdike depressions with very short ducts. The ducts of some
of the glands open into the lacunae, but many of the latter have no connexion with the

urethral glands.

Frequently two or more elongated ducts belonging to some of the larger glands open

into the urethi-a quite close to its termination. These are sometimes spoken of as para-

urethral ducts, and may be traced backwards for some distance beneath the mucous
membrane forming the roof of the urethra. Morphologically they do not correspond to

the ducts which in the female have received the same name.
The muscular wall in the upper part of the urethra consists of smooth muscle fibres

directed for the most part longitudinally, but some circularly arranged fibres are also

present. It is probable that throughout the greater part of the cavernous urethra a

muscular coat is not represented.

Round the beginning of the \irethra there is an obliquely placed band of circularly

arranged smooth muscle fibres, which is continued downwards and forwards from below

the anterior part of the trigone of the bladder. The lower and anterior fibres of this

band lie in the anterior wall of the upper part of the pi'ostatic urethra. The band is

sometimes spoken of as the sphincter vesicae internus. At a lower level, in front of the

prostatic urethra, is a band of striped muscular fibres which is continuous inferiorly with

the inner circularly disposed part of the sphincter urethra) membranacea).

Like the latter it is probably to be regarded as a part of a primitive voluntary

urogenital sphincter muscle, such as is represented also in the female subject.
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THE FEMALE REPRODUCTIVE ORGANS.

The reproductive glands in the female are a pair of ovaries placed one on each

side of the cavity of the pelvis. In connexion with each ovary is an elongated

passage or tube—the uterine (O.T. Fallopian) tube—which leads to the uterus and

opens into its cavity. There is no direct continuity between the ovary and the

uterine tube, such as exists between the other glands of the body and their ducts,

but the ova, when shed from the ovary, pass into the open end of the tube, and are

thus conducted to the uterine cavity. The uterus is a hollow muscular organ which
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Fig. 1028.

—

Median Section through the Female Pelvis.

Drawn for the most part from a model made from a dissection by Professor Edward H. Taylor.

occupies a nearly median position in the pelvis ; it is joined by the uterine tubes

above, and it communicates with the upper part of the vagina below. The ovum,

having passed through the tube, reaches the cavity of the uterus, and in it, if

fertihsation has taken place, the ovum undergoes its development into the embryo

and fcetus. The vagina is the passage which leads from the uterus to the exterior, and

has its external opening behind that of the urethra, within the rima pudendi or

uro-genital space. In connexion with the uro-genital space are a number of

structures which are included under the term external genital organs, and which

represent in the female the various parts of the penis and scrotum in the male.

These are the labia majora and the mons Veneris, the labia minora, the clitoris,

and the bulbus vestibuli. The larger vestibular glands, placed one on each side of

the lower part of the vagina, are accessory organs of the female reproductive

system, and are represented by the bulbo-urethral glands in the male.
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OVAKIUM.

The ovary is a solid body, Huttened from side to side, and about the size and
shape of a large almond. Its length is usually between one and one and a half
inches, and the thickness from side to side between a quarter and half an inch.

In the adult the ovary is placed against the side wall of the pelvic cavity, and is

connected by peritoneal folds witli the broad ligament of the uterus and with the
side wall of the pelvis. The position occupied by the ovary within the pelvic

cavity is fairly constant, although these ligaments do not hold the organ firmly
fixed in any definite place.

In the ovary we recognise two extremities—a superior extremity/, larger and
more rounded, and an inferior extremity, somewhat pointed. The term extremitas

Kxternal iliac artery

Kxternal iliac vein

nypogastric artery

Ureter

/
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'////, 11 artery

Pubic ramus
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Fig. 1029.

—

Side Wall of the Female Pelvis, sliowing the jiositiou of the ovary aud its relation to the

uterine tube. The pelvis has been cut in section ])arallel to, but at some distance from, the median

plane.

tubaria is applied to the superior end of the ovary, as it is most intimately

connected with the uterine tube ; the term extremitas uterina is used with reference

to the inferior extremity, since this part of the ovary is connected with the uterus

by a fibrous cord, termed the ligament of the ovary. The flattened surfaces of the

ovary are called facias medialis and fades lateralis, and the herders separating

them—margo mesovaricus or mesovarian border, and margo liber or free border. The
free jjorder is convex ; while the mesovarian, which is straighter and narrower, is

connected by a very short peritoneal fold, the mesovarium, with the posterior layer

of the broad ligament of the uterus. The vessels and nerves enter the ovary at

this meso\arian border, which is therefore often termed the hilum of the ovary.

Position and Relations of the Ovary.—When the ovary occupies its most
usual, or typical, position the long axis of the gland is vertical. Its lateral

surface lies against the wall of the pelvis, and its medial surface looks medially

towards the pelvic cavity. The peritoneum of the pelvic wall, where the ovary lies
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against it, is depressed to form a little fossa termed the fossa ovarii, within which

the ovary is placed. In the floor of this fossa are the obturator nerve and vessels.

The tubal extremity of the ovary lies below the level of the external iliac vessels,

and its uterine extremity is placed just above the level of the peritoneum covering

the pelvic floor. The fossa ovarii, in which the ovary lies, extends as far forwards

as the obliterated umbilical artery, and backwards as far as the ureter and
uterine vessels. Thus the mesovarian border of the ovary lies just behind the line

of the obliterated umbilical artery, and the free border is on a plane anterior

to the ureter (Fig. 1029). The medial surface of the ovary is almost completely

covered by the uterine tube, which, passing upwards on it near its mesovarian

border, arches over the tubal extremity, and then turns downwards in relation to the

free border and posterior part of the medial surface (Fig. 1029).

In some cases tlie ovary is found to lie behind, or more rarely in front, of the fossa described

above, and its long axis may be oblique instead of vertical. The above description, however,

corresponds to the typical position of the organ in women who have not borne children. When
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Fig. 1030.—A, The Posterior Aspect of the Uterus and Broad Ligament (the broad ligament has

been spread out).

a, b, and c, the isthmus tubse, the ligament of the ovary, and the round ligament of the right side cut short.

B, Diagrammatic Eepresentation of the Uterine Cavity opened up from its Anterior Aspect.

the uterus is much inclined towards the right side of the body the left ovary has its long axis

directed obliquely downwards and medially, the right gland remaining vertical.

Connexions of the Ovary.—When the ovary is in position a small somewhat
triangular peritoneal fold passes upwards from its tubal extremity, and becomes lost

in the peritoneum covering the external iliac vessels and the psoas major, muscle
(Fig. 1028). This fold has received the name of ligamentum suspensorium ovarii, and is

a portion of the superior and lateral part of the broad ligament of the uterus, which
here contains between its two layers the ovarian vessels and nerves as they pass

down into the pelvis to reach the hilum of the ovary. The vessels and nerves enter-

ing the ovary along its mesovarian border are enclosed in a sheath of peritoneum
derived from the posterior layer of the broad ligament. In this way the ovary is

connected along the whole length of its anterior border by a very short mesentery,
or mesovarium, to the posterior aspect of the broad ligament (Fig. 1030). The
uterine extremity of the ovary is connected with the lateral angle of the uterus by a

ligament called the ligamentum ovarii proprium or ligament of the ovary. This has
the form of a rounded cord enclosed between the peritoneal folds of the broad
ligament, and is attached to the uterus, behind and below the point of entrance
of the uterine tube. It is composed chiefly of smooth muscle fibres continuous
with those of the uterus. The tubal extremity of the ovary is directly connected
with one of the largest of the fimbrise surrounding the abdominal end of the
uterine tube, which receives the name fimbria ovarica, or ovarian fmhria of the
tube (Fig. 1030).
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Descent of the Ovary.—-Like the testes, the ovaries at first lie in the abdominal
cavity, and only later assume a lower position. At birth the ovary lies partly in the

abdominal, and partly in the pelvic cavity ; soon, however, it takes up a position entirely

within the pelvis minor. As in the male a gubernaculum is present in the early stages of

development. The ligament of the ovary represents the upper part of the gubernaculum
which is developed within the plica testis inferior in the male, and the round ligament of the

uterus represents the inferior part, which is formed within the plica inguinalis (see p. 1295).

It is a rare abnormality for the ovary, instead of entering the pelvis, to take a course similar

to tii:it of the testis, and pass througli the inguinal canal into the tissue of the labium majus.

Structure of the Ovary.—The ovary is for the most part composed of a connective

tissue, called the stroma ovarii, richly supplied by blood-vessels and nerves. The stroma

contains very inimerons spindle-shaped connective tissue fibres, and some elastic tissue.

The surface of the ovary is covered by a layer of epithelium, which is composed of

columnar cubical cells, and is continuous with the epithelium of the peritoneum

forming the mesovarium. The ovarian epithelium is a persistent portion of the

germinal epithelium of the embryo which covers the genital ridges, and from which the

ova and other cells of the Graafian follicles are derived. The position in which it be-

comes continuous with the peritoneum can usually be distinguished as a fine white line

near the hilum of the ovary. Shining through the epithelium of the fresh ovary (except
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Ovum with its investing cells Stratum grannlosum

Nests of epithelial cells

Fi<i.
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Liquor folliculi
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1031.—A. Diagrammatic Representation of the Manner in which the Folliccli Vesicclosi

ARISE during the DEVELOPMENT OF THE OVARY. B. DIAGRAM ILLUSTRATING THE STRUCTURE
OF A Ripe or Vesicular Ovarian (Graafian) Follicle.

in old age) are usually to be seen a variable number of small vesicles—the folliculi

oophori vesiculosi (O.T. Graafian follicles), in which the ovula, or ova, are contained. The
number of follicles visible, and also the size which each follicle reaches before it ruptures

and sheds its contents, is by no means constant. When a follicle ruptures and discharges

the ovum its walls at first collapse, but later the cavity becomes filled with extravasated

blood and cellular tissue of a yellowish colour. The resulting structure, called a corpus

luteum, slowly degenerates unless impregnation has taken place, in which case it develops

and becomes larger during pregnancy. As it ati'ophies the cells of the corpus luteum

disappear, and the structure, losing its yellow colour, receives the name of corpus albicans.

After a time the corpus albicans completely disappears. Owing to the periodic rupture

of the folliculi vesiculosi, the surface of the ovary, which is at first smooth and even,

becomes in old age dimpled and puckered.

A section through the ovary, especially in young children, presents in its superficial

part a somewhat granular appearance, which is due to the presence of enormous numbers
of small follicles, or collections of epithelial cells, embedded in the connective tissue

near the surface of the ovary. The larger follicles lie deeper in the stroma, but when
they become fully developed they pass towards the surface, where the ripe follicles are

often seen slightly projecting and ready to burst. In the deepest part of the ovary the

blood-vessels are most numerous, and here also some smooth muscle fibres are found.

The ova and the other cells that compose the folliculi vesiculosi are derived originally

from the germinal epithelium which covers the developing ovary in the embryo. The
epithelium, at first simple, grows down into the underlying tissue in the form of branching

84
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tube-like processes, or " egg tubes." This takes place during foetal development, and the

branching cellular processes so formed become broken up, within the stroma, into little

nests or clumps of cells, each of which becomes a vesicular follicle. From the beginning

some cells of the egg tubes are larger than the others ; these become the future ova^

while the cells round them become the investing cells of the follicle. The investing cells,

at first flattened, form a single layer round each ovum. Later, becoming columnar, as the
follicle increases in size and sinks more deeply in the stroma, these cells divide in such a

manner that the ovura becomes surrounded by a double layer of cells. Fluid

—

liquor

foUiculi—accumulates between the two cellular layers, except at one place where the

inner cells surrounding the ovum remain attached to the outer layer or stratum granu-

losum. To the inner cellular mass enclosing the ovulum, or ovum, the term cumulus
oophorus (O.T. discus proligerus) is applied (Fig. 1031). The ripe follicle contains a rela-

tively large amount of fluid, and the surrounding stroma becomes differentiated to form

for it a theca foUiculi, or capsule. This capsule is composed of an inner more vascular

layer, the tunica interna, and an outer more fibrous layer, the tunica externa. There 'is

reason to believe that in the human subject the formation of ova and follicles ceases

before birth, and that the appearances which have led to the belief that they may
originate during the first years of extra-uterine life have been due to pathological con-

ditions. In the young child there are enormous numbers of small follicles in the super-

ficial parts of the ovary, but in old age none are found in this situation.

The appearance and structure of the ripe ova are described on pp. 13-16.

Vessels and Nerves of the Ovary.—The ovarian arteries, corresponding to the internal

spermatic arteries of the male, are a pair of long slender vessels which spring from the anterior

aspect of the aorta, below the level of origin of the renal vessels. Each gains the pelvis in the

fold of peritoneum forming the suspensory ligament of the ovary, and enters the ovary at its

mesovarian border, or hilum. The ovarian artery anastomoses freely, near the hilum, with
other vessels, derived from the uterine arteries. The blood is returned by a series of communicat-
ing veins, similar to the plexus pampiniformis in the male.

The nerves of the ovary are derived chiefly from a plexus which accompanies the ovarian

artery, and which is continuous above with the renal plexus. Other fibres are derived from the

inferior part of the aortic plexus, and join the plexus on the ovarian artery (plexus arterise

ovaricse). The afferent impulses from the ovary reach the central nervous system through the

posterior root fibres of the tenth thoracic nerve.

The lymph-vessels of the ovary join with those from the ujjper part of the uterus, and end
in the lumbar lymph-glands.

TUB^ UTERINE.

The uterine tubes (O.T. Fallopian tubes) are a pair of ducts or passages v^hich

convey the ova, discharged from the vesicular follicles of the ovaries, -to the cavity of

the uterus. Each tube is about four and a quarter inches in length, and opens at one

end into the pelvic cavity near the ovary, and at the other end by a smaller opening

into the lateral part of the uterine cavity. The tube is enclosed in a fold of peri-

toneum called the mesosalpinx, which is a portion of the broad ligament of the uterus.

The opening of the tube into the pelvic cavity—or ostium abdominale—is of

small size, being only about 2 mm. in diameter when its walls are relaxed, and

much narrower when the muscular coat of the tube is contracted. This opening is

placed at the bottom of a funnel-like expansion of the tube called the infundibulum

tubse uterinse, the margins of which are produced into a number of irregular processes

or fimbriae tubae. The presence of these fimbriae, many of which are branched or

frimj-ed, has given the na.TaQ firribriated extremity io this end of the uterine tube.

The surface of the fimbriae which looks into the cavity of the infundibulum is

covered by a mucous membrane continuous with that lining the tube, while the

outer surface is clothed by peritoneum. The mucous surfaces of the larger fimbriae

present ridges and grooves which are continued into the folds and furrows of the

mucous coat of the tube. One of the fimbriae, usually much larger than the rest, is

connected either directly or indirectly with the tubal extremity of the ovary, and to

it the name fimbria ovarica, or ovarian firribria, is applied. The part of the tube

continuous with the infundibulum, and into which the ostium abdominale leads, is

called the ampulla tubae uterinae. This, the widest and longest portion of the

uterine tube, is usually tortuous and of varying diameter, being in some places

slightly constricted, and in others distended. The wide, thin -walled ampulla

ends in the narrower, thicker -walled, and much shorter isthmus tubae uterinae
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which joins the lateral angle of the uterus. The last portion of the canal, or j>ars

uterina, is embedded in the sulislanco of the uterine wall, whicli it traverses to

reach the cavity of the uterus (Fig. 1032, P). The opeuiug into the uterus, or
ostium uteriniim tubae, is smaller tlian the ostium abdominale, being about 1 mm. in

diameter. Tlie lumen of tlie canal gradually increases in width as it is traced out-

wards from the uterus towards the ovary.

Course of the Uterine Tube.—Traced from the lateral angle of the uterus the
uterine tube is directed at lirst horizontally in a lateral direction towards the uterine

extremity of the ovary. It then passes upwards in rehition to the medial side of

the mesovarian border of the ovary, until it reaches the tubal extremity, where,
arching backwards, it descends along the posterior or free border, resting against

the medial surface of tlie ovary (Fig. 1028). As the uterine tube describes this loop

it often covers almost the entire medial surface of the ovary. The fimbriated

end of the tube is applied against the free border and infcirior ])art of the mediiil

surface of the ovary, and from it the ovarian fimbria pass upwards to gain attach-

ment to the tubal extremity of the gland.

The fimbriated end of the uterine tube lies in the abdominal cavity until the ovary in its

descent has entered the pelvis.

Structure of the Uterine Tubes.—The wall of each tube, which is surrounded

by a covering of peritoneum or tunica serosa, is composed of a number of concentric layers

or coats. Immediately beneath the peritoneum is a layer of loose connective tissue,

the tunica adventitia, in which lie many vessels and nerves. Beneath this is the tunica

muscularis, composed of two strata of smooth muscle fibres—a more superficial thin

stratum of longitudinally arranged fibres, the stratum longitudinale, and a deeper

thicker layer, the fibres of which are circularly disposed, the stratum circulare. Deeper

is a snhmucoxis layer or tela submucosa, and then the lining membrane or tunica mucosa.

In the part of the tube near the uterus the muscular layer is thicker than towards the

other end, and in the isthmus it forms the chief part of the wall. The mucous membrane,
on the contrary, is thickest towards the fimbriated end, and here it forms the chief part

of the tube wall. The stratum of circular muscle fibres is especially well developed near

the uterus. The mucous membrane is thrown into numerous longitudinal folds, the plicae

tubariae, which in the ampulla are exceedingly complex, the larger ones being beset on

the surface by smaller folds. In transverse sections of this part of the tube the folds of

the mucous membrane look like large branching processes projecting into, and almost

completely filling up, the lumen of the tube. The mucous membrane is covered by a

ciliated epithelium, the cilia of which tend to drive the contents of the tube towards the

uterus. The epithelium is continuous with that of the uterus, and at the fimbriated end

joins the peritoneum.

Vessels and Nerves of the Uterine Tube.—The uterine tube receives its chief lilood-sujijily

from a ramus tubarius of tlic. uterine artery, but it also receives small branches derived from the

ovarian artery. Tlie veins of the tulie pour their V)lood ])artly into tlie uterine and ])artly into

the ovarian veins. The lymph-vessels join the lumbar group of lymph-glands. Tlie, nerves are

derived from the plexus that sujiplies the ovary, and also from the jilexus in connexion with tlie

uterus. The afferent fibres appear to belong to the eleventh and twelfth thoracic and the first

lumbar nerves.

EP-OOPHORON AND PAROOPHORON.

These are two rudimentary structures found between the layers of the broad

ligament.

The ep-o6phoron (O.T. parovarium ; often called tlie organ of Eosenmiiller) lies in

the mesosalpinx between the uterine tube and the ovary. In the adult it consists

of a number of small rudimentary blind tubules lined by an epithelium. One of

these tubules— the ductus epoophori longitudinalis (O.T. duct of Gartner)—lies

close to, and runs nearly parallel with, the uterine tube. It is joined by a number

of the other tubules, or ductuli transversi, which enter it at right angles, from the

neighbourhood of the ovary. The lonudtudinal duct is a persistent portion of the

WolHian duct, and represents the canal of the epididymis in the male, while the

tubules which join it are derived from the mesonephros and represent the efferent

ductules of the testis (and probably also the ductuli aberrantes of the duct of the

epididymis). The ep-oophoron is best seen when the part of the broad ligament

in which it lies is held up to the light.

84 «
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One or uiore small pedunculated cystic structures, called appendices vesiculosi

(O.T. hydatids of Morgagni), are often seen near the infundibulum of the uterine tube.

These are supposed to represent portions of the upper end of the Wolffian duct.

The par-oophoron is a collection of rudimentary tubules also enclosed by the

layers of the mesosalpinx, but lying nearer the uterus than the ep-oophoron.

These very rudimentary tubules represent the paradidymis in the male, and are

derived from the part of the mesonephros which lies nearer the caudal end of the

body of the embryo. Though sometimes visible in the child at birth, the par-

oophoron in the adult can only be made out with the aid of a lens.

UTERUS.

The uterus, or womb, is a hollow, thick-walled, muscular organ placed within the

pelvis between the bladder in front and the rectum behind. The ova discharged

from the ovary enter the uterus through the uterine tubes, and, if fertilisation has

taken place, undergo their development within it. In form the uterus is somewhat
pear-shaped, the wide upper end of the organ projecting freely upwards and for-

wards into the pelvic cavity, while the lower more constricted part is connected

with the vagina. The usual length of the adult uterus (when non-pregnant) is

three inches, its greatest breadth is nearly two inches, and its maximum thickness

is about one inch. In the description of the uterus we distinguish between an

upper larger portion, somewhat flattened from before backwards, composed of

fundus and body, and a lower more cylindrical part called the cervix (Fig. 1032).

The part of the uterus that lies above the level of a Hne joining the points of

entrance of the uterine tubes is called the fundus uteri. The fundus is convex

from before backwards and from side to side, its anterior and posterior aspects being

directly continuous with the anterior and posterior surfaces of the body of the organ.

The corpus uteri, when seen from in front or from behind, has a somewhat
triangular outline, and lies below the fundus, with which it is continuous. The
base of the triangle is directed upwards and is formed by a line joining the lateral

angles of the uterus, or points of entrance of the uterine tubes ; and the sides of

the triangle correspond to the lateral borders of the uterus, which extend on

each side from the lateral angle to the cervix. The marge lateralis or lateral

harder separates, on each side, the facies vesicalis (or anterior surface) from the

facies intestinalis (or posterior surface) of the body. Both these surfaces are

rounded, but the intestinal is much the more convex. The vesical surface rests

against the upper aspect of the bladder, from which usually it is separated only

by the layers of peritoneum forming the utero-vesical pouch. The intestinal

surface forms the chief part of the anterior wall of the deep recess situated

between the uterus and rectum, and is usually in contact with some part of the

small intestine or the pelvic colon. The broad ligament passes laterally on each

side of the uterus from the lateral border of the organ.

The cervix uteri is cylindrical, and at its commencement it is sometimes

marked off from the body by a slight constriction. Its length is about one inch, and

its inferior end, tapering somewhat, enters the upper part of the vagina. The cervix is

attached to the margin of the opening in the vaginal wall, through which it passes,

and in this way a portio supravaginalis is marked off from a portio vaginalis of the

cervix. In the vaginal portion of the cervix there is an opening— the orificium

externum uteri (O.T. external os uteri)—through which the cavity of the uterus com-

municates with that of the vagina. In a uterus which has not been pregnant

this opening is nearly circular, but in women who have borne children it is usually

a transverse slit with a somewhat irregular outline. In front of, and behind, this

opening the cervix forms two lips, an anterior and a posterior, the labium anterius

and the labium posterius. The anterior lip is thicker, and slightly more rounded ; it

is placed ujjon a l()W(!r level than the posterior lip, which is slightly longer and

thinner. The cervix enters the vagina tlirough the upper part of its anterior wall

in such a manner that the external orifice of the uterus is directed backwards and
downwards against the upper part of the posterior vaginal wall (Fig. 1033).
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Cavum Uteri.— Ill comparison with the size of the organ, the cavity of the

uterus is of small size owing to the great thickness of the uterine wall. In the body,

the cavity is merely a narrow chink between the anterior and posterior walls,

which are almost in contact (Fig. 1033). When, however, the uterus is opened

from above downwards in frontal section of the organ, the cavity of the body

has a triangular outline ( Fig. 1 032). The base of the triangle is directed upwards, and

corresponds to a line drawn between tlie openings of the uterine tubes, while the

ape.\ is directed downwards towards the cervix. The sides of the triangle are

convex inwauls towards the cavity. The cavity of the body l)ecomes continuous

with that of the cervix by an opening called the orificium internum uteri (O.T.

internal os uteri), which is a little smaller and more circular than the external

orifice of the uterus. The cavity of tlie cervix, canalis cervicis uteri, or cervical

canal, extends from the internal oritice of the uterus, where it joins the cavity of

the body, to the external oritice, where it opens into the vagina. It is a somewhat

spindle-shaped passage, which is narrower above and below than in its middle part

;

sections show also that its antero-posterior diameter is shorter than its transverse

one, owing to an approximation of its anterior and posterior walls. In the body of

Ep-0">phorou l.j^arnoiit

Tuba uteriua Ovary ot ovary L terns
Kmnliis uteri

Lateral aii(;l«>

of ut<'rus

Fio. 1032.—A. The PitsTEiiioii Aspect ok the Uterus and Broad Lioament (the broad ligament has

Vieen spread out).

a, b, and c, the isthmus tuliae, the ligament of the ovary, and the round ligament of the right side cut short.

B. Diagrammatic Representation of the Uterine Cavity opened up fko.m its Anteuiou Aspect.

the uterus the walls of the cavity are smooth and even, but in the cervical canal the

mucous membrane forms a remarkable series of folds, called the plicae palmatae (O.T.

arbor vitae uteri). These consist of an anterior and a posterior longitudinally

directed fold or ridge, from which a large number of secondary folds, or rugie,

branch off obliquely upwards and laterally (Fig. 1032, B).

Connexions of the Uterus and its Relations to the Peritoneum.— In addition

to the uterine tubes at its upper lateral angles, and the vagina below, the uterus

possesses other important connexions. Some of these are simply peritoneal folds

passing from the uterus to neighbouring structures ; others contain fibrous con-

nective tissue, or smooth muscle fibres.

The peritoneum covering the fundus of the uterus is continued down over the

vesical surface as far as the junction of the body and cervix, where it leaves the

uterus to be reflected on to the bladder, forming the utero-vesical fold, or "anterior

ligament of the uterus." The peritoneal recess between the bladder and the uterus

is called the excavatio vesicouterina, or utero-vesical pouch. Below the level of

this pouch the anterior aspect of the cervix is connected by loose tissue with

the posterior, or basal, part of the bladder. Posteriorly the peritoneum covers the

whole of the uterus, except the small portion of the cervix which projects into

the upper part of the vagina. The peritoneum covering the intestinal surface of

the uterus is continued to such a depth that it invests a small portion of the upper

part of the posterior wall of the vagina before it is reflected on to the rectum,

to form the recto-vaginal fold (Fig. 1033). The deep pouch between the uterus and
84 a
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vagina in front and the rectum behind is called the excavatio rectouterina, or recto-

uterine poitch of Douglas, and its entrance is bounded on each side by a crescentic

peritoneal fold, which passes from the posterior surface of the cervix uteri to the

posterior wall of the pelvis, and ends near the side of the rectum. These crescentic

folds are called the plicae rectouterinse, or recto-uterine folds of Douglas, and each

contains between its layers a considerable amount of fibrous and smooth muscular
tissue. A few of these fibres, which are continuous with the uterine wall, pass

backwards to reach the rectum and constitute the musculus rectouterinus ; others

are said to gain an attachment to the front of the sacrum, and form a utero-sacral

ligameiit. In many cases the recto-uterine folds become continuous with one

another across the median plane behind the cervix uteri, and form, in this position,

a transverse ridge termed the torus uterinus. The recto-uterine pouch of the

female represents the recto-vesical pouch of the male, and the folds which bound
it on each side, namely, the recto-uterine folds, correspond to the sacro-genital

folds (sometimes called posterior false hgaments of the bladder) in the male sex.

The peritoneum of the vesical and intestinal surfaces, leaving the uterus along

each lateral border to reach the side wall of the pelvis, forms the broad ligament

of the uterus.

The ligamentum latum uteri, or Ijroad ligament, is a wide peritoneal fold which
passes from the lateral border of the uterus to the pelvic wall, and contains between
its layers several important structures (Eig. 1032). The plane of the medial part of

the ligament is determined by the position of the uterus. When the uterus is

normally placed, the ligament has an anterior surface which looks downwards as

well as forwards, and a posterior one which looks upwards and backwards. Near
its attachment to the pelvis the ligament is placed more vertically. The free edge

of the ligament contains the uterine tube, and follows the course pursued by
that structure. Thus, in the undisturbed condition of parts, it at first passes

horizontally laterally towards the uterine extremity of the ovary, where it ascends

to arch over the tubal pole of the ovary on its medial side. Owing to the course

pursued by the uterine tube round the ovary, the broad ligament forms a kind

of curtain over the gland, and the ovary lies in a little pocket formed by the broad

ligament, to which the name of bursa ovarica is applied (Figs. 1028 and 1029). This

bursa ovarica is not to be confused with the /ossa ovarii, or depression on the side

wall of the pelvis, against which the ovary is usually placed.

The various structures in connexion with the broad ligament are most easily

demonstrated when the ligament is spread out as flat as possible.

The ovary is connected with the posterior layer of the broad ligament by a

very short mesentery, called the mesovarium, which, passing to the hilum, encloses

the ovarian vessels and nerves as they reach the ovary. The part of the broad

ligament which slings the uterine tube is called the mesosalpinx. When the

ligament is spread out, the mesosalpinx has the form of a narrow triangle, the

apex of which is at the lateral angle of the uterus, while the upper side is formed

by the uterine tube, and the inferior one by the ligament of the ovary and the ovary

itself. The narrow base of the triangle is directed laterally. Between the layers

of this part of the broad ligament are situated the ep-oophoron (O.T. parovarium),

and the par-oophoron (Fig. 1032). The part of the broad ligament below the level of

the mesosalpinx is termed the mesometrium, and contains, especially in its lower part,

a considerable amount of fatty connective tissue, the parametrium, and unstriped

muscle fibres. The ureter and the uterine vessels lie in the lowest part of the

broad ligament where it joins the pelvic floor. The fibrous and smooth muscle

tissue which lies in the lower' part of the broad ligament, immediately below

the uterine artery, forms what is known as the lateral cervical ligament of the

uteru.s. It is continuous with the dense tissue surrounding the branches of the

hypogastric artery, and in vertical antero-posterior section has a triangular outline

near its attachment to the cervix uteri.

The highest yjart of the attached lateral portion of the broad ligament forms the

ligamentum suspensorium ovarii or suspensory ligament of the ovary, and contains

Ijetween its layers the ovarian vessels and nerves as they enter or leave the pelvis.

The ligamentum ovarii proprium, or ligament of the ovary, is a rounded fibrous
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cord, of about one inch in length, which is attached by its lateral end to the

uterine pole of the ovary, and by its medial end to the lateral anji;le of the uterus

immediately below and behind the entrance of the uterine tube. Tliis liga-

ment, which is largely composed of unstriped muscle Hbrea continuous with those

of the uterus, is enclosed in a slight f(»ld derived from the posterior hiyer of the

broad ligament.

The ligament of the ovary represents the upper portion of tlie gubeniaculuni wliich appears

in the embryo.

The ligamentum teres uteri, or round ligament of the uterus, is a narrow llat

band attached to the uterus just in front of, and a little below, the opening of the

uterine tube. Near the uterus it contains numerous smooth muscle fibres, which

are continuous with those of the uterus ; more laterally it is comi)Osed chiefly of

Hbrous connective tissue. Lying in the anterior part of the l)road ligament, it

reaches the wall of the pelvis minor, and is then directed forwards and slightly

upwards to cross the obliterated umbilical artery and the pelvic brim. After it has

reached the pelvic wall its course is comparable to that of the ductus deferens in the

male, and, like the latter, it leaves the abdomen to traverse the inguinal canal (Figs.

1028 and 1029). It finally ends in the subcutaneous tissue and skin of the labium

majus. Its terminal part is composed of connective tissue only.

In some cases a small diverticulum of the peritoneal cavity can he traced accompanying the

round ligament througli the abdominal wall. This is called the processus vaginalis peritonei

(O.T. canal of Nuck), and corresponds to tlie processus vaginalis of the male (p. 1294).

The round ligament of the uterus represents the lower portion of the giibernaculum testis

which appears in tlie male embryo (see pp. 1294 and 1313).

Position and Relations of the Uterus.—^The position occupied by the

uterus in the pelvis is not always the same, but varies with the conditions of the

neighbouring organs. The lower cervical part is, however, much more firmly fixed

in place than the body and fundus, which possess a considerable amount of mobility.

Usually the level of the external orifice of the uterus will be found to correspond

to that of a horizontal plane passing through the upper margin of the symphysis

pubis. The uterus rarely lies exactly in the median plane of the body, but usually

bends to one or other side, most frequently towards the right. The vesical surface

of the uterus rests against the bladder, and follows the rising or falling of its superior

wall as that organ becomes filled or emptied. When the bladder is empty the long

axis of the uterus points forwards and upwards, and the organ is said to be in an
anteverted position. Also, the long axis of the uterus is bent on itself where the body
joins the cervix, and so the organ is said to be antefiexed. The anteflexion is due

to the fact that the more rigid cervix is fixed, while the movable upper part of the

uterus sinks forwards, following the bladder wall. With the empty condition of

the bladder the angle formed between the long axis of the uterus and that of the

vagina is about a right angle. When the bladder becomes filled, the anteversion

and anteflexion of the uterus become less marked, owing to the body and fundus

being pushed backwards. Finally, if the rectum is empty and the bladder very

much distended, the uterus is pushed so much backwards that the long axis of the

organ may nearly correspond to that of the vagina. The uterus is then said to be

retroverted. Superiorly a part of the peritoneal cavity intervenes between the

vesical surface of the uterus and the bladder, but lower down the two organs are

separated merely by a small quantity of connective tissue. The intestinal surface

of the uterus looks into the pouch of Douglas, and is usually, like the fundus, in

relation to some loops of the small intestine or pelvic colon. laterally the uterus

is related to the broad ligaments. The terminal parts of the ureters pass downwards,
medially, and a little forwards on the lateral aspects of the cervix, but are separated

from it by an interval of about three-quarters of an inch. The lowest part of the

cervix is, as we have seen, enclosed within the cavity of the vagina.

On each side of the cervix uteri and upper part of the vagina there is an
interval in wliich lie numerous large vessels. These are surrounded by loose fatty

tissue, which is continued upwards for a considerable distance between the layers

of the broad ligament. This loose tissue, whicli is of surgical inqiortance, has
received the name parametriimi.

84 c
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Structure of the Uterus.—The thick uterine wall is composed of three chief layers,

which are termed, respectively the serous, the muscular, and the mucous coats.

Tunica Serosa.—The serous coat, ov perimetrium, is derived from the peritonevim, and
covers the whole organ except the part of the .cervix which projects into the vagina

and the anterior surface of its supra-vaginal portion. At the borders it is continued

into the broad ligaments. Over the fundus and body of the uterus the serous coat

is very firmly adherent to the deeper layers, and cannot be easily peeled off without

tearing either it or the underlying muscular tissue. Near the borders the peritoneum
is less firmly attached, and over the posterior aspect of the cervix it may readily be

stripped oft' without injury to the underlying structures.

Tunica Muscularis.—The muscular coat is composed of unstriped fibres, and forms the

chief part of the uterine wall. Inferiorly the muscular coat of the uterus becomes
continuous with that of the vagina. The more superficial layer of the muscular coat sends

prolongations into the recto-uterine folds, into the round and broad ligaments of the

uterus, and into the ovarian ligaments. Other fibres join the walls of the uterine tubes.

The main branches of the blood-vessels and nerves of the uterus lie among the muscle

fibres. In the deeper layers of the muscular coat a considerable amount of connective

tissue and some elastic fibres are to be found. The muscular coat of the cervix, or

tunica muscularis cervicis, contains more connective and elastic tissue than that of the

body, and hence the greater firmness and rigidity of the cervical part of the uterus.

The deeper and thicker part of the muscular tissue of the uterus is considered by some
anatomists to represent a muscularis mucosae, and is therefore described as part of the

mucous coat. The deep and superficial portions of the muscular coat are, however, quite

continuous, and there is no representative of a submucous vascular layer of tissue such

as in the alimentary canal separates the muscular coat from the muscularis mucosae. In

the uterus the blood-vessels lie in the muscular coat.

Tunica Mucosa.—The mucous coat in the body of the uterus is smooth and soft, and
covered with columnar ciliated epithelium. Simple tubular glands, glandulse uterinae, also

lined with a ciliated epithelium, are present in the mucous membrane, and penetrate in their

deeper parts into the muscular coat. In the cervix of the uterus the mucous coat is

firmer and more fibrous than in the body, and its surface is not smooth, but presents

a number of peculiarly disposed ridges which have been already described. Like

the mucous membrane of the body of the uterus, that of the cervix is covered with a

ciliated epithelium which passes into squamous epithelium just inside the external orifice of

the uterus. The cervix uteri possesses, in addition to unbranched tubular glands, re-

sembling those present in the body, numerous somewhat branched glands, the glandulse

cervicales uteri. Both kinds of glands are lined by ciliated epithelium. In many
cases little clear retention cysts, "ovules of Naboth," are to be seen in the cervical

mucous membrane. These arise as a result of obstruction at the mouths of the glands.

Differences in the Uterus at Different Ages.—At birth the cervix uteri is

relatively larger than in the adult organ, and its cavity is not distinctly marked
off from the interior of the body by an internal orifice. At this time also the

plicae palmatte extend throughout the whole length of the uterus. The organ grows

slowly until just before puberty, when its growth is rapid for a time. As the

body of the uterus increases in size the mucous membrane becomes smooth and the

plicae palmatse become restricted to the cervix. In women who have borne

children the cavity remains permanently somewhat wider and larger than in cases

where the uterus has never been pregnant.

In old age the uterine wall becomes harder and has a paler colour than it

posses.ses in the young subject.

Variations.—In rare cases the uterus may be divided by a septum into two distinct cavities,

or its lateral angles may be produced into straight or curved j^rocesses, called " horns " or cornua.

The latter abnormality recalls the appearance of the bicornuate uteri of some animals. Both the

above conditions arise from an arrest in the fusion of the two sej^arate tubes—the Miillerian

ducts—which normally unite in the embryo to form the uterus.

Periodic Changes in the Uterine Wall.—At each menstrual period a remark-
able series of changes occurs which results in a periodic shedding of the super-

ficial parts of the uterine mucous membrane. For a few days before menstruation
begins, the mucous membrane gradually thickens and becomes more vascular, while

at the same time its surface becomes uneven. Soon the superficial parts of tlie
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mucous membrane disintegrate and haemorrhage takes place from the small super-

ficial blood-vessels. In this way a hiemorrhagic discharge is caused, and the

superficial parts of the uterine mucous membrane are shed at each period. Wlien
menstruation is over the mucous mem})rane is rapidly regenerated.

Pregnant Uterus.—The pregnant uterus increa.ses rapidly in size and weight,

so that t'roin being tliree inches in length and one ounce in weight, it becomes by

the eigiith month al)out seven or eight inches in length and sometimes as much
as two pounds in weight. In shape the uterus is now oval or rounded, with a thick

wall composed chiefly of muscle fibres arranged in distinct layers. The rounded
fundus is very prominent. The round ligaments are stronger and ])etter marked,
and the layers of the broad ligament become separated in their medial parts by the

growth of the uterus between them. The blood-vessels, especially the arteries, are

very large and tortuous. The changes which occur in the mucous membrane of

the pregnant uterus are intimately connected with the manner in which the

developing fietus receives its nutrition, and have been noticed on pp. 5G et seq.

Vessels and Nerves of the Uterus.—The uterus receives its arterial supply mainly from
tlie uterine arteries, which are branches of the liypogastric arteries, and also from the ovarian
arteries, branches of the aorta. The vessels derived from these two sources comnuuiicate freely

with one another. Each uterine artery, reaching the side of tlie lower part of the uterus, divides

into a large branch which passes upwards to supply the body and fundus, and a much smaller
branch which passes downwards to supply the cervix. The vessels distributed to the body and
fundus have an exceedingly tortuous course. The branches of the uterine artery, having entered
the muscular coat, break up within its deeper layers into smaller twigs which supply the muscular
tissue and the mucous coat. The small uterine branch from the ovarian artery reaches the
uterus in the region of the lateral angle. During pregnancy the arteries become enormously
enlarged.

The thin-walled veins form a plexus which pours its blood into the tributaries of the hypo-
gastric vein.

The nerves of the uterus are derived chiefly from a plexus jjlaced in the neighbourhood of
the cervix uteri, to which the term plexus uterovaginalis or " cervical ganglion " is apjdied.

Superiorly this plexus is continuous M'ith the hypogastric plexus, but it also receives fibres from
the third and fourth sacral nerves. In addition to fibres from the plexus uterovaginalis, the

uterus receives fibres directly from the hypogastric plexus, and also from the plexus vesicalis.

Clinical observations indicate that afferent impulses reach the central nervous system from the
uterus through the posterior roots of the tenth, eleventh, and twelfth thoracic nerves, the first

lumbar, and the second, third, and fourth sacral nerves.

The numerous lymph-vessels coming from the body of the uterus join those from the ovary,
and end for the most part in the lumbar lymph -glands. Along the course of the round
ligament of the uterus there are a few lymph-vessels which establish a connexion between
the lymph -network surrounding the uterus and the inguinal lymph -glands. The lymph

-

vessels from the cervix uteri end in the gland placed near the bifurcation of the common
iliac artery.

VAGINA.

The vagina is a passage about three inches in length, open at its lower

end, and communicating above with the cavity of the uterus. The passage is

directed downwards and forwards, describing a slight curve which is convex back-
wards. The axis of the vagina forms with that of the uterus an angle which is open
forwards. This angle is usually somewhat greater than a right angle, but varies

with the condition of the neighbouring viscera (p. 1319). The vagina is widest at

its upper end (Fig. 1034), and normally its anterior wall and its posterior wall

are in contact. In transverse section the lower part is usually an H -shaped cleft,

the middle part a simple transverse slit, while the lumen of the upper portion, into

which the cervix uteri projects, is more open. The lower part of the cervix uteri has
the appearance of entering the vagina through the upper portion of its anterior

wall (Fig. 10.')3). As more of the posterior than of the anterior part of the cervix

projects into the vagina, a deeper recess is formed between the vaginal wall and
the cervix behind than in front or laterally. The term anterior fornix is often
applied to the angle, or recess, in front

;
posterior fornix to the deeper angle behind,

and lateral fornix to the recess on each side of the cervix uteri, between it and the
wall of the vagina. The anterior wall uf the vagina (paries anterior) is shorter
than the posterior (paries posterior), the former being about three inches in length.
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the latter about three and a half inches. At its lower end the vagina opens into

the rima pudendi, the opening being situated behind the orifice of the urethra

and the clitoris, and between the labia minora. The opening is partly closed in

the virgin by a thin crescentic or annular fold, called the hymen, torn fragments

of which persist round the opening, as the carunculse hymenales, after the fold

itself has been ruptured.

Relations of the Vagina.—The anterior wall of the vagina in its upper part

lies acrainst the base of the bladder, but is separated from it by loose connective
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Fig. 1033.—Median Section of the Pelvis in an Adult Female.

The cavity of the uterus is indicated diagrammatically.

tissue. Lower down, the anterior wall in the median plane is intimately connected

with the urethra (Fig. 1033). Near the median plane, the posterior wall in its upper

portion is covered for a distance of about a quarter of an inch by the peritoneum,

which here forms the anterior boundary of the deepest part of the recto-uterine

pouch. The depth to which the peritoneum of this pouch descends practically

corresponds to the level of the spina ischiadica. Lower down, the posterior

wall lies close against the rectum, from which it is separated by a layer of the

pelvic fascia. As, however, the orifice of the vagina is approached, the rectum and

vagina become separated by a considerable interval, which is occupied by a mass of

fibrous and fatty tissue, often called the " perineum " or " perineal body." At the

sides the vagina is suyjported by the levatores ani muscles. The terminal part of

the ureter lies not far from the side wall of the upper part of the vagina, as it

passes from above and behind downwards, medially and a little forwards to reach
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the bladder. Near its terminatioit the vagina pierces the fascia inferior of the uro-

genital diaphraj^'rn, and is related on each side to the bulbus vestibuli, the larger

vestibular glands, and the bulbo-cavernosus (sphincter vaginie) muscle.

Structure of the Vagina.—The vaginal wall has a distinct tunica muscularis,

composed of uiistriped muscle fibres, most of which are longitudinally disposed. Towards
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Fig. 1034.
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Posterior Aspect of the Vagina, the Base ok Bladder, and the Recto-vaginal Pouch
OF Peritonecm.

The coccyx ami the ligamentum sacrotuberosum and ligamentum sacrospinosuni, together with the muscles

attached to them, have been removed. The levatores ani have been separated along the median raphe,

and drawn laterally. A considerable portion of the rectum has been removed, but the position which it

occupied is indicated Vjy the dotted lines. The peritoneum is indicated by a blue colour. The recto-

vaginal pouch is probably not quite so deep as usual. The triangular interval between tlie ureter and
uterine artery was filled by a mass of fibro-muscular tissue, forming the lateral cervical ligament of

the uterus.

the lower end of the passage circularly disposed bundles of striped muscle fibres, some of

which are continuous with those forming a part of the urethral wall, are found in the

muscular coat. The thick tunica mucosa, which has a stratified scaly epithelium, is

corrugated, and presents a number of transverse ridges or elevations called rugae vaginales.

In addition to these transverse ruga?, a slightly marked longitudinal ridge, or column, is

to be seen on the anterior and on the posterior wall of the vagina. These receive the

name columnae ruganun, and, like the transverse rugse, are best seen in young subjects

and in the lower part of the vagina. The urethral canal lies in close relationship to the

anterior column of the vagina in its lower part, and hence this portion of the anterior

column is sometimes called the carina urethralis.
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Within the tunica mucosa are to be found small collections, or nodules, of lymph-
tissue.

The vaginal wall is surrounded by a layer of loose vascular connective tissue containing

numerous large communicating veins.

Vessels and Nerves of the Vagina.—The blood-supply of the vagina is for the most jjart

derived from the vaginal artery, the vaginal branch of the uterine artery, the vaginal branches
of the middle hsemorrhoidal artery, and from the branches of the internal pudendal. The veins

form a plexus sui-rouiiding the vaginal wall, and drain their blood into the tributaries of the

hypogastric.

The lymph-vessels from the upper part of the vagina join the hypogastric group of glands.

while those from the lower part end in the superficial inguinal glands.

The nerves of the vagina are derived from the plexus uterovaginalis and from the plexus

vesicalis. Other fibres are derived directly from the third and fourth, sacral nerves.

THE FEMALE EXTEENAL GENITAL OKGANS.
(PUDENDUM MULIEBEE.)

The term pudendum muliebre, or vulva, is applied collectively to the female

external genital organs, i.e. to the labia majora and the structures which lie

between them.

Labia Majora.—The labia majora represent the scrotum in the male, and form
the largest part of the female external genital organs. They form the boundaries,

on each side, of the rima pudendi or uro-genital cleft, into which the urethra and
vagina open. Each labium is a prominent rounded fold of skin, narrow behind
where it approaches the anus, but increasing in size as it passes forwards and
upwards to end in a median elevation, the commissura labiorum anterior, or the mons
pubis or Veneris. The mons Veneris lies over the symphysis pubis, and, like the

labia majora, it is composed chiefly of fatty and areolar tissue, and is covered with
hair. The lateral convex surface of each labium majus is covered by skin con-

taining numerous sebaceous glands and resembling that of the scrotum in the male,

but the medial, flatter surface is smooth, and presents a more delicate integumentary

covering. In some cases the posterior narrow ends of the labia majora are

connected across the middle line, in front of the anus, by a slight transverse fold

—

the commissura labiorum posterior or posterior commissure.

Usually, especially in young adult subjects, the labia majora are the only visible

parts of the external genital organs, since they are in contact with one another,

and completely enclose the structures within the rima pudendi.

The round ligament of the uterus ends in the fatty tissue of the labium majus.

The superficial subcutaneous tissue resembles that of the scrotum, but contains no
muscular fibres.

The nerve-supply correspoiids with that of the scrotum, the anterior part of each labium being

supplied by the branches of the ilioinguinal nerve, and the posterior part by branches from the

internal pudendal and by the perineal branch from the posterior cutaneous nerve of the thigh.

The blood-vessels of the labia majora are derived from the external pudendal arteries and from
the perineal branches of the internal pudendal vessels.

Labia Minora.—The labia minora pudendi (O.T. nymphse) are a pair of much
smaller and narrower longitudinal folds, usually completely enclosed within the

cleft between the labia majora. Diminishing in size, and becoming less marked
in their posterior parts, the labia minora end by gradually joining the medial

surfaces of the labia majora. In the young subject, a slightly raised transverse

fold is usually seen connecting the posterior ends of the labia minora ; to this

fold the term frenulum labiorum pudendi (O.T. fourchette) is applied. Traced

forwards, each labium minus divides into two portions, a lateral and a medial.

The lateral portions of the two labia unite over the glans clitoridis, and

form for it a fold or covering called the prseputium clitoridis. The medial

portions, uniting at an acute angle, join the glans and form the frenulum clitoridis.

The skin of the lal)ia minora resembles the integument on the medial or deep

surface of the labia majora, being smooth, moist, and pink in colour. The medial

surfaces of the labia minora are in contact with one another ; their lateral surfaces

are applied against the medial aspects of the labia majora.
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M
-(ilaii» clitoridis

"Frenulum clitoridis

-labium iiiajus

-Ijabium minus
-Orilicium uretlirse

exteriiuia

-Coinmissuia
Ii<«terior

The openini^s of the urethra aiul vagina are placed in the median plane, in the

interval between the labia minora, which must he separated to bring them into

view.

Vestibulum vaginae.—The vestibule is the name applied to the cleft that lies

between the l;il)iii minora and behind the glaus clitoridis. In its floor are the

openings of tlie urethra, the vagina, and the minute ducts of the larger vestibular

glands.

The fossa navi-

cularis is the part

of the vestibule

placed behind the

vaginal opening

and in front of

the frenulum
labiorunipudendi.

The orificium

urethrae externum,

or fxtenial ure-

tliral orifice, lies

immediately in

front of that of

the vagina, and
is about one inch

behind the glans

clitoridis. The
opening has the

appearance of a

vertical slit, or of

an inverted V-
shaped cleft, the

slightly promi-

nent margins of

vvhicli are in con-

tact. On each side

of the urethral

orifice there may
sometimes be seen

the minute open-

ing of the ductus
paraurethra lis

(see p. 1285).

The orificium

vaginae, or vaginal

02)ening, lies be-

hind and below the orifice of the urethra. The appearance of the opening

varies with the condition of the hymen— a membrane which in the young subject

partly closes the aperture. When the hymen is intact the opening is small, and
is seen only when the membrane is put on the stretch. When the hymen has

been ruptured the opening is much larger, and round its margins are often seen

small projections carunculae hymenales—which are to be looked upon as persistent

fragments of the hymen.
Tlie hymen is a thin mendiranous fold, partially closing the lower end of the

vagina, and usvuilly perforated somewhat in front of its middle point. The posi-

tion of the opening gives the fold, when stretched, a crescentic appearance. The
opening in the hymen is sometimes cleanly cut, sometimes fringed. The membrane
is not stretched tightly across the lower end of the vagina, but is so ample
that it projects downwards into the rima pudendi, and the parts of its upper
surface are in contact with one another on each side of the opening. The
opening is thus a median slit whose margins are normally in contact. The upper

Fig. 1035.

—

Female Exteknal Genital Organs.

Tlie frenuluin labiorum is seen stretching across behind the fossa navicularis and in

front of the posterior commissure. The ducts of the larger vestibular glands open

in the intervals between the vaginal orifice and the medial edges of the labia

minora.
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surface of the hymen is directly continuous with the vaginal wall, and on it are

to be seen slight ridges continuous with the vaginal rugse.

Developmen tally the hymen appears to be a portion of the vagina.

On each side of the vaginal opening, and close against the medial side of the

attached margin of the labium minus, is the minute opening of the duct of

the glandula vestibularis major (O.T. Bartholin's gland). This is usually just large

enough to be visible to the unaided eye.

Numerous minute mucous glands, the glandulse vestibulares minores, open on the surface

of the mucous membrane of the A^estibule, between the urethral and vaginal orifices. The
opening of the ductus para-urethralis at the side of the urethral orifice has been already noted,

p. 1285.

Clitoris.—The clitoris is the morphological equivalent of the penis, and is

composed of a body and two crura. Upon the summit of the body is a minute

glans. Unlike the penis, the clitoris is not traversed by the urethra.

The corpus clitoridis is composed for the most part of erectile tissue resembling

that of the penis in the male. It is about an inch or an inch and a half in length,

and is bent upon itself, forming an angle open downwards. The body of the

clitoris tapers towards its distal end, which is covered by the glans clitoridis.

The organ is enclosed in a dense fibrous coat, and is divided by an incomplete

septum, the septum corporum cavernosorum, into two symmetrical and somewhat
cylindrical portions, the corpora cavernosa clitoridis. These represent the corpora

cavernosa penis of the male, and diverge from one another at the root of the

clitoris to form the crura clitoridis. A ligamentum suspensorium clitoridis passes

from the fibrous coat of the body of the clitoris to the symphysis pubis (Fig. 1036).

The glans clitoridis is a small mass of erectile tissue which is fitted over the

pointed end of the body. It possesses, like the glans penis, which it represents, a

very sensitive epithelium. The praeputium, or fold of skin which covers it, and the

frenulum clitoridis, which is attached to it inferiorly, are continuous with the labia

minora (Fig. 1036).

The crura clitoridis diverge from the body posteriorly, and are attached to the

sides of the pubic arch. Each is continuous with one of the corpora cavernosa, and

has a firm fibrous sheath, which is covered by the corresponding ischio-cavernosus

or erector clitoridis muscle. In structure the crura and body of the clitoris

resemble the corpora cavernosa penis, while the glans more closely resembles the

bulbus vestibuli, with which it is continuous through a structure known as the

pars intermedia.

In tlie seal and some other animals, a bone, which represents the os" penis of the male, is

developed in the septum of the clitoris. This bone receives the name os clitoridis.

Arteries and Nerves of the Clitoris.—Each crus receives a branch, the arteria profunda

clitoridis, froTu the internal pudendal, while the glans is supplied by branches of the arteria

dorsalis clitoridis.

Tlie nerve-supply of the clitoris is derived partly from the hypogastric sympathetic plexus

and partly from the dorsal nerves of the clitoris, which are branches of the pudendal nerves.

Bulbus Vestibuli.—The bulbus vestibuli is a mass of erectile tissue, in the

female, which corresponds developmentally to the corpus cavernosum urethrse of

the male. In the female the fusion of the two halves of this structure is not

nearly so complete as in the male, for the vagina and urethra separate the bulbus

vestibuli into a right and a left portion which are only slightly connected in front

by a narrow median part called the pars intermedia. Each half of the bulb is

thick and massive posteriorly, and more pointed in front, where it joins the pars

intermedia. It rests against the lateral wall of the vagina, and upon the superficial

aspect of the fascia inferior of the urogenital diaphragm. It represents one-

half of the corpus cavernosum urethra of the male. Superficially it is covered by
the bulbo-cavernosus muscle. The pars intermedia lies above the opening of the

urethra, and becomes continuous with the tissue of the glans clitoridis.

The bulbus vestibuli is for the most part composed of minute convoluted blood-

vessels, held together by a very small amount of connective tissue. These vessels

frequently anastomose with one another, and those of each half communicate
with the vessels of the pars intermedia and the glans clitoridis.
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The blood-supply of the bulb ie derived, on each side, from the arteria bulbi vestibuli,

a branch of the internal pudendal.

Glandule Vestibulares Majokes.

The greater vestibular glands (O.T. glands of Bartholin) are placed one on
each side of the lower ])!irt of the viiLjina, and represent the hiil])0-urethral glands in

•TR1/»NQUUAR [fascia inferior OF
ligT urogenital diaphragm)

^s^-A^^\ Larger vestibular glnnilH

\ Vagina
Central point of perineum

Fi(i. 1036.

—

Dissection of Female Pehinedm to show the C'litouis, the Bllb ok the Vestibuie,
AND THE LARGER VESTIBULAR Glands (D. J. Cunningham).

the male. They are often overlapped by the posterior ends of the bulbus vestibuli,

and are covered by the bulbo-cavernosus muscle. Each is about the size and
shape of a small bean, and possesses a long slender duct which opens into the
rima pudendi in the angle between the attached border of the labium minus and the
vaginal opening.

DEVELOPMENT OF THE UEO-GENITAL OEGANS.

The Uro-genital Passages.

General Account. -In tracing the developmental history of the uro-genital
passages we may for convenience begin with an embryo of fifteen days old. About this

time a duct, which runs in a longitudinal direction, and occupies a position on the lateral

side of the protovertebral somites, begins to develop on each side of the body. With the
exception of the anterior portion of the cloaca and the proximal part of the allantois, this

duct, which has received the name of primary excretory or Wolffian duct, is the earliest

formed structure from wliich, or in connexion witii which, the parts of the adult
urino-gcnital system ai-ise.

The Wolfliian duct serves as the canal, or duct, for the primitive secretory organs

—

the pronephros and the mesonephros of the embryo. With the atrophy of these the
duct suffers modification, yet both sexes in the adult possess structures which have
their embryonic origin from the Wolffian duct. In the male the duct of the epididymis,
the ductus deferens, and the ejaculatory duct, are to be looked upon as iliicctly developed
from the Wolffian duct of the eniliryo : wliile in the female the longitudinal duct of
the ep oophoron and the appendices vesiculosi are rudimentary structures having a like

origin. Furtlicr, the ureter and its pelvis arise in both sexes as an outgrowth from the
Wolffian duct (Fig. 1037). In the male the vesicula seminalis is developed as a diverti-
culum of the Wolffian duct.

The primitive secretory organ.s, the pronephros and the mesonephros, develop in
connexion with the anterior part of the Wolffian duct (p. 48), and, during the early life

of the embryo, the latter of these is a most important structure. Even in the embryo
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the pronephros is a vestigial organ, and its development in all higher vertebrates is

very incomplete. It disappears almost as soon as it is formed, and it is replaced by the

far more important mesonephros. A¥ith the development of the permanent kidney the

mesonephros atrophies, yet some of its tubules persist in the adult. The ductuli

efferentes, the ductuli aberrantes, and the rudimentar}^

paradidymis (organ of Giraldes) in the male, and the

rudimentary tubules of the ep-oophoron and of the

par-ooplioron in the female, are structures which owe
their origin to the tubules of the mesonephros.

Soon after the formation of the Wolffian ducts two

other longitudinally disposed canals, called the

Miillerian ducts, are developed. These open at their

cephalic ends into the body cavity, and at their caudal

ends, unlike the Wolffian ducts, they unite with one

another in the median plane. From them are formed,

in the female—the uterine tubes, the uterus, and the

vagina ; and in the male—the appendices of the testis

and the utriculus prostaticus.

The Wolffian and Miillerian ducts open at their

caudal ends into the ventral or urogenital part of

the cloaca, which in the course of development becomes

transformed into the bladder and the uro-genital

canal of the embryo. The developing ureter at first

arises as a diverticulum from the Wolffian duct, at a

short distance from the point where the latter joins

the cloaca. Soon, however, the ureters acquire inde-

pendent openings into the cloaca, which become gradu-

ally shifted further from one another and from those

of the Wolffian ducts. The ureters are now found to

open into the anterior portion of the cloaca which lies

nearer to the head of the embryo than the part with

which the Wolffian ducts are connected. This cephalic

. portion of the anterior subdivision of the cloaca which

receives the ureters becomes the bladder and the

upper part of the urethra. The caudal part, lying

below the level of the entrance of the Wolffian ducts,

is called the uro-genital canal, and is represented in

the adult male by the lower part of the prostatic and

by the membranous portions of the urethi-a ; in the

female by the lower part of the urethra and the part of

the uro-genital fissure which immediately surrounds

Manner in which the Ureter^ the the openings of the urethra and vagina (Figs. 1044-

DucTus Deferens, and the Urinary 1045). The united Miillerian ducts open into the lower
Bladder arise in the Embryo. p^rt of the cloaca or uro-genital canal between the

The structures developed from the cloaca Wolffian ducts of opposite sides. In the male the

are indicated in blue, those from the position of this opening, which is represented in the
Wolffian duct in red, and the ectoderm

^^^^^ ^^, ^^^ ^^j^^^ ^f ^^xe utriculus prostaticus, remains
^^ '^ •

almost unchanged ; in the female, on the other hand,
Tlie manner in which the rectuni and

downgrowth from the fused Miillerian ducts gives
bladder become separated and acquire . .

& .
i i ^ i i

•
i

openings into the ectodermal cloacal origin to a new passage, the vagina, which establishes

fossa is shown in II. and III. (A. H. an opening behind that of the urethra in the uro-

Young and A. Robinson). genital fissure of the adult.

After the complete separation of the cloaca into

anterior or uro-genital and posterior or rectal sub-

divisions, the rectum establishes a communication with

the exterior in the floor of the shallow depression

known as the ectodermal cloacal fossa. At a little later

time the uro-genital canal also joins this fossa at a point in front of the opening of the

rectum. The ectodermal cloacal fossa lies in front of the vestigial tail, and extends

forwards as far as a tubercle known as the cloacal tubercle, which later gives rise to the

genital eminence and a pair of elevations called the labio-scrotal folds. The genital

eminence becomes converted into the clitoris or penis according to the sex. The labio-

scrotal folds extending backwards on each side form the labia majora of the female, and.

Fig. 10.37.

—

Diagram to illustrate the

A. Allantois.

B. Bl idder.

C. Cloaca.
CM. Ectoderm of

cloacal fossa.

R. Rectum.
Ur. Uro-genital caiiiil.

U. Ureter.
VD. Ductus deferens.

vs. Seminal vesicle.

K. Pelvis of kidney. WD. Wolffian duct.
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fusing posteriorly, give rise to the scrotum in tlie male. In tlie female the slit-like

opening of the uro-genital canal retafns its position, and its margins becoming elongated,

form the labia minora. The vaginal opening arises, as we have seen, by a downgrowth

of the fused Miillerian ducts which lies in front of the rectum and behind the primitive

uro-genital canal. The latter becomes the urethra in the female, in the male the slit-

like opening of the uro-genital canal is prolonged anteriorly by an active growth at the

base of the genital eminence, and its margins uniting, give rise to the jK-nile portion of

the urethra.

nral tube

Mnscle plate

Umbilical vein

Fig.

Alimentary canal

1038

Body cavity

The Wolffian Duct and Embryonic Secretory Organ.

The Wolffian Duct.—The Woltlian duct arises in the mesoderm, about the

tiftcenth day, as a solid cord of cells occupying a position immediately to the lateral side

of the protovertebral somites and to the medial side of the body cavity (Fig. 1038). When
first recognised the duct lies immediately beneath the ectoderm, and as it grows backwards

to reach the cloaca it is often

found to be intimately con-

nected with the ectoderm.

This close connexion of the

duct with the ectoderm, in

the early stages, is by some
authorities supposed to in-

dicate a primitive ectodermal

origin of the canal, but by
others, and apparently with

more reason, to be a trace

of the opening of ducts on

the surface of the body, such

as exists in connexion with

the excretory organs of

lower animals. During
the third week the cellular

cord which represents the

Wolffian duct acquires a

lumen, and about the end

of the same week the duct

in its growth reaches the

cloaca. As soon as the

cloaca has become divided into dorsal and ventral subdivisions, the Wolffian duct is

seen to end in the caudal part of the ventral subdivision, which becomes the bladder

and uro-genital canal (Fig. 1040).

The mesonephros or Wolffian body is developed in the mesoderm of the " intermediate

cell mass," immediately adjoining the Wolffian duct, .and consists of a number of trans-

versely arranged canals or tubules, each of which opens by one end into the AVolffian

duct, while its other extremity ends blindly. These transverse tubules, like the canal

into which they open, are at first solid cellular structures, and only later acquire a distinct

lumen. Increasing rapidly in size and number, the tubules become twisted and tortuous,

and the blind end of each dilates to form a capsule invaginated upon itself and containing

a bunch of capillary blood-vessels similar to the glomeruli of the adult kidney. It would

appear that primitively one tubule is developed in the portion of the intermediate cell

mass (nephrotome) corresponding to each mesodermic somite, but, in higher vertebrates

at all events, such a correspondence between the number of somites and the number

of tubules cannot be demonstrated. In the posterior part of the mesonephros the

nimiber of tubules is very numerous, and greater than the number of segments in

this region. The tubules of the mesonephros arise in all segments from the sixth cervical

to the third lumbar. The tubules in the anterior part atrophy and disappear at a very

early time, even while others are being formed towards the caudal end of the embryo.

When at its greatest development (fifth to eighth week) the mesonephros forms a

relatively large glandular mass, composed of tubules resembling in a general way

those of the adult kidney, which projects into the dorsal part of the body cavity, and

extends from the region of the liver to the caudal end of the body cavity. Along its

lateral aspect lies the W^olffian duct.

85

Transverse Skction THuouriH the Trunk of a Human
Embryo of about 5 mm. Length.
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In anamniate vertebrates, fishes, and amphibia, the mesonephros persists as the
secretory organ of the adult.

Allantois

Uro-genital
part of cloaca""'-..

Rectal part
of cloaca

Notocliord

Fig. 10:39.—Tail End of Homan Embryo befoke
THB Time at which the Wolffian Ducts
REACH the Oloaca. (Drawn from a model con-

structed by Prof. F. Keibel.

)

Rpctnm

Wolffian duet

Post anal gut Notochord

Fig. 1040.

—

Ta'il End of Human Embryo. The
Wolffian ducts open into the anterior part
of the cloaca. (Drawn from a model con-
structed by Prof. F. Keibel.

)

Pronephros.—From what is known regarding the development of lower animals, it seems
certain that the Wolffian duct originally served as the duct of the still earlier secretory organ

—

Body of vertebra Spinal medulla

Spinal ganglion

Arch of vertebra

Ji

Ilium (cartilage).

t

Wolffian

^Tgt^:^0M

'/.
.

'•'•
I

" '

Body cavitf-^K^^. •f- l;... .; j.. .^ -i]^U-— "-;.-^'*'

^"'"/•"""•'"'"^r'"'"'': Intekine
MuUerian duct ! Genital gland

Mesonephros

Fio. 1041.

—

Transver.se Section through the Lower Part of the Trunk op a Human Embryo of

about 7 Weeks. (Specimen in the possession of Prof. J. Symington.

)

the Pronephros. In man the pronephros arises nearer to tlie head end of the emhryo than

the later formed mesonephros, and its tubules can only with difficulty be distinguished
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I'lom tliosc of llie lator Jippiijiriiif,' niescmephros. The tubules of the jirouephros arise in all the

segments rioni llu; fil'tli cH'ivir.il to tlie tliim lumbar.

As the permuncnt kidney, or metanepliros, is developed the mcsonephro.s atrophies;

a portion of it, however, is retained in ike rndle, and forms the excretory aj)paratus of

tlie testis. 'I'he Woltlian duct becomes the canal of tiie epididymis and the ductus

deferens of tlie adult (see p. 1334). In the fcnutle, when the permanent kidney is

formed, the mesonephros and its duct undergo atrophy to a greater extent than in the

male, and they are only represented in the adult by the vestigial structures present in

the broad ligament of the uterus (see pp. 1315 and 1316).

The Ukktek and Permanent Kidney.

The ureter arises as a tubular diverticulum from the Wolffian duct close to the point

where the latter joins the cloaca (Figs. 1039 and 1042). This diverticulum is seen first

during tlie fourth week, and grows from behind forwards, dorsal to the body cavity. Even
Hectuni

Woltlian duct Kifliipy bii.l

in its very early condition the portion of

the outgrowth which lies nearest to the

Wolffian duct, and from which the adult

ureter is developed, is more slender tlian

the distal jtart, which becomes branched,

and grows out to form the pelvis and
calyces of the uretei*. From the calyces ui.idti

numerous collecting tubules grow out into

the developing kidney and acquire con-

nexions with the glandular or uriniferous

tubules of the kidney. The uriniferous

tubules of the kidney arise independently
of the ureter in a backward prolongation

of the tissue which, further forward, gives

origin to the tubules of the mesonephros.
The tissue in which the permanent kidney
tubules arise lies behind the third lumbar
segment. The blind distal end of each
tubule soon dilates to form a capsule

which, becoming invaginated on itself,

encloses a tuft of capillary blood-vessels.

The renal corpuscles arising in this manner
are found in the human kidney as

early as the eighth week.

As regards their origin in the embryo we distinguish between the collecting tubules

and their branches, and the uriniferous secretory tubules of the kidney. The former

arise from the calyces of the ureter, and hence are derived from the Wolffian duct ; the

latter are formed in mesoderm, known as the metanephric cell mass, which is continuous

at its anterior end with the tissue from which the mesonephi'os is derived. The short

junctional tubules of the adult lie in the region where these developmentally distinct

portions of the kidney unite.

As the ureter increases in length, it becomes separated from the Wolffian duct, and
acquires a distinct opening into the anterior part of the cloaca nearer the head of the

embryo than that of the Wolffian duct. This part of the cloaca receiving the ureters

becomes the bladder. The kidney is at first a distinctly lobulated body, and shows
at birth, and sometimes even in the adult, distinct traces of its original subdivision

into lobule.

The nietanophric cell mass, iu which the uriuiferous tubules arise, lies at fii-st on the medial
side of the bud-like outgrowth, which represents the ureter; at a later time it comes to lie

dorsally. As the ureter grows towards the head end of the embryo the cell mass which gives

rise to the uriniferous tubules follows it ; hence the metanephric tissue ceases to lie to the caudal

end of the mesonephros. As the ureter divides to form the calyces, the nietanejihric cell mass
becomes broken up into cap-like portions, one for each branch of the ureter, and later one for

each of the collecting tubes which grow out from tlie calyces.

The formation of uriniferous tubules within the nephrogenic cell mass is continued imtil

a few days after birth.

85 a

Tost una

Fici. 1042.

—

Tail End ov a Human Embryo about
25 Days Old.

The cloaca is dividing into rectal aud uriuo-geDital

subdivisions. The ureter is arising as a bud from

the Wolffian duct. (Drawn from a model cou-

structed by Prof. F. Keibel.

)
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irge intestine
Wolffian duc-t

Pelvis of kidney

The Bladder.

The main portion of the bladder is formed from the superior (cephalic) part of the
anterior subdivision of the cloaca. This at an early time becomes flattened dorso-ventrally,

and produced laterally into two horn-like projections in the region where the Wolffian

ducts open (Fig. 1043). Inferiorly
Aiiantois it becomes constricted to form the

ui'O-genital canal. Little by little

the lower ends of the Wolffian ducts

open out and are absorbed into the

wall of the developing bladder, and
soon it comes about that the ureters,

which originally were outgrowths
of the Wolffian ducts, open directly

into the bladder. The openings
of the ureters become shifted latter-

ally, but the final position of the

openings of the Wolffian ducts is

close to the median plane in the

upper prostatic part of the urethra.

The bladder has therefore a double
origin :—its main portion is derived

from the entodermal cloaca ; its

smaller basal part arises from the

opened-out lower ends of the Wolffian

ducts. The latter portion approxi-

mately corresponds to the trigonum
vesicae of the adult, and must
be regarded as having its source

from the mesoderm. The extreme

cephalic end of the anterior part of the cloaca tapers gradually, and beyond the umbilicus

is continuous with the aiiantois. This part of the cloaca loses its lumen about the fifth

week, and from it is derived the fibrous cord of the urachus or median umbilical ligament,

which in the adult reaches from the bladder apex to the umbilicus.

The cavity of the urachus is sometimes not lost so early, and in rare cases it has been

found persisting in the child or adult as a pervious channel extending from the apex of

the bladder to the umbilicus. Here it may open on the surface of the body.

Cloaca

;
Ureter

Septum recto-urethra le

Fig, 1043.

—

Tail End of Human Embryo about 33 Days Old.

The cloaca is becomiug separated into rectal and iiro-genital

portions by the formation of the septum recto- urethrale.

The ureter has acquired a separate opening into the anterior

division of the cloaca. (Drawn from a model constructed

by Prof. F. Keibel.

)

The Male Ueethra.

The first part of the male urethra has an origin similar to that of the basal part of

Ureter

Wolffian duct
Rectum j

Miillerian ducts 1 ;

Bladder S, ! /

Vertebra (body)

Symphysis pubis

Urino-genital canal

Clitoris

^

Notocliord

Fig. .1044.

—

Tail End of Femalk Human Embryo about 9 Weeks Old.

The rectum has acquired an oi)ening and the entoderm of £he uro-genital canal is continued into the genital

eminence (clitoris). (Drawn from a model constructed liy Prof. F. Keibel.)
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the bhulder, and is derivud from the ends of the Wolthun ducts (see above, j). 1332).

The remaining portion, beyond the openings of tiio ductus deferentes of tlie adult, is

derived from the uro-gonital canal, or caudal sul)divi.sion of the anterif)r part of the

cloaca. The nro-genital canal is early subdivided into a pelvic part lying within the

future pelvis minor and a penile part which occupies the region in wliich the corpus

cavernosum urethra) is developed. The latter part of the uro-genital canal becomes
filled with closely and irregularly packed cells, which later, breaking down, re-establish

the canal and give origin to a slit-like opening in the region in front of the anus. The
canal for some time opens at a rhomboidal fossa situated in the groove at tlie base of the

glans. in the glans penis a septum of densely packed cells passes forwards from this

fossa and is known as the urethral septum. At a later stage these cells also break

down and form a groove, the lips of which xniite and enclose the terminal portion of the

urethra. It is doubtful if any of the male m-ethra owes its origin to the ectoderm, but
there is some evidence to show that tlie urethral septum is to be regarded as ectodermal,

in which case the part of the canal which traverses the glans must liavc a like origin.

The Female Urethra.

In the female the part of the urethra near the internal urethral orifice is developed from
the inferior ends of the Wolffian ducts and has an origin similar to that of the basal portion

of the bladder. The inferior part of the passage is derived from the uro-genital canal. When
the uro-genital canal opens on the surface it is continued forwards as a sulcus on the

genital eminence, as in the male se.\. The margins of the slit-like opening do not unite,

but form the labia minora of the adult, and the sulcus which appears on the glans

clitoridis is closed without forming a canal. At first the fused caudal ends of the Miillerian

ducts open into the uro-genital canal, but later a downgrowth, which is at first solid,

establishes a connexion between these ducts and the surface immediately in front of the

rectum and behind the opening of the uro-genital canal. This new connexion becomes the

vagina, and the uro-genital canal the urethra. By some embryologists it is believed

that a shortening and spreading out of the inferior portion of the uro-genital canal, to form
a part of the uro-genital cleft of the adult, is responsible for bringing the opening of the

fused Miillerian ducts to the surface. If this latter view is accepted, the female urethra
corresponds to the part of the male passage which lies above the opening of the utriculus

prostaticus.

The Sexual Glands.

Sexual Glands.—In the development of the sexual glands, male and female, a
diflerentiated thickened portion of the peritoneal epithelium is first recognised. This
specialised epithelium, which has received the name of germinal epithelium, is situated to

the medial side of the mesonephros and of the Wolffian and Miillerian ducts. Here it

covers a longitudinally disposed ridge or elevation called the genital ridge. The germinal
epithelium is not strictly limited to this ridge, but extends to some extent beyond its

limits. The genital ridge is soon found to have numerous epithelial cells embedded in its

connective-tissue stroma which appear to originate, in both sexes, by a proliferation from
the deep surface of the germinal epithelium covering the ridge. From these epithelial

cells the seminiferous tubules of the male, and vesicular follicles with their contained ova
of the female are developed. The tissue which gives rise to the genital ridge occurs in

all the body segments from the sixth thoracic to the second sacral, but the cephalic end
of the ridge atrophies before the germinal epithelium can be recognised in the more caudal
segments, and only about one-fourth of the ridge gives origin to the permanent sexual

gland. The part of the genital ridge which persists appears to correspond to three or

four segments in the region of the 4th or r)th lumbar to the 1st or 2nd sacral segments.
In the male, as early as the thirty-third day, the epithelial cells embedded in the

stroma of the developing testis have become arranged into a network of anastomosing
cords within which certiiin larger cells are seen to be irregularly scattered. These larger

cells have received the name of primitive sperm cells, and are relatively few in number.
They undergo frequent division, and in the later st^iges are not to be distinguished
from the other cells of the cords. The cellular cords undergo direct transformation into

the seminiferous tubules of the testis, the tubuli recti and the rete testis. At a very early

stage the superficial part of the stroma of the developing testis becomes denser, and gives

origin to the tunica albuginea. The tissue surrounding the cellular cords becomes
converted into the septula testis and the mcdiastimnii. A lumen can first be recognised
in the seminiferous tubules in the seventli month. The rete testis becomes connected

85 &
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secondarily with the ductuH efferentes which are derived from the tubules of the meso-

nephros, and thus the mesonephric or Wolffian duct becomes the passage for the secretion

of the testis.

In the female large epithelial cells are found in the stroma of the developing ovary,

beneath the germinal epithelium, as early as the thirty-third day. These primitive ova

are much more numerous than the primitive sperm cells of the male, and form a very

characteristic feature of the developing ovary. At first they lie isolated, but later—about

the fiftJi week—they become surrounded by other smaller cells having a like origin from

the germinal epithelium. Each primitive

ovum surrounded by its cells becomes a

primitive follicle, the further development

of which has already been described (p.

1318). During the later stages the epi-

thelium has the appearance of growing

down into the stroma in the form of long

branching cellular processes which break up

into little nests of cells to form the future

follicles (p. 1318). The proliferation of cells

from the surface epithelium goes on until

the seventh month, but it is extremely

doubtful if any new ova arise in the later
Fiii 1045.—Thl UKixo-tiENiTAL Passages ^

Indifkerent Staoe of Development. months of gestation or after birth.

The Generative Ducts.

Generative Ducts.—As has been

Ureter, green solid outline. Wolffian duct, green dotted

outline. The origin of the vesicula seminalis is

indicated. Miillerian ducts, orange. Rectum,
bladder, and urino-genital canal, red.

already stated, the male ducts arise from

the Wolffian, and the female from the Miillerian ducts of the embryo. Both sexes at

first possess well-developed Wolffian and Miillerian ducts, which are arranged in a very

definite manner. The Wolffian ducts, communicating directly with the tubules of the

mesonephros, lie at first parallel to, and at

a considerable distance from, one another.

As they pass towards the caudal end
of the embryo they approach one another,

and each becomes enclosed in a fold of

peritoneum called the plica urogenitalis.

More caudally the ducts become closely

appro.ximated to each other, are embedded
in a cord-like mass of connective tissue,

to which the term genital cord is applied.

They finally open into the anterior sub-

division of the cloaca (Fig. 1042).

The Miillerian ducts, opening freely into

the body cavity at their cephalic ends, lie

to the lateral side of the Wolffian ducts. As
they are traced caudally they cross the

Wolffian ducts and enter the genital cord,

within which they imite and form a canal,

which occupies the median plane, and opens
into the anterior subdivision of the cloaca,

between the Wolffian ducts (Fig. 1042).

The manner in which the ureters become
separated from the Wolffian ducts has
already been de.scribed.

Ducts in the Male.—The seminiferous

tubules of the testis become connected
with the Wolffian duct through a fusion of

certain tubules of the mesonephros with the
rete testis. The connexion is definitely established in the third month. The number of

tubules taking part varies considerably, but corresponds to the number of ductuli

efferentes found in the adult. The connecting tubules becoming much convoluted, just

as they joiti the Wolffian duct, form the lobuli of the epididymis. The canal of the

epidid3nnis is directly formed from the cephalic part of the Wolffian duct, and the ductus

Fig. 1046. -The UltlNO-GENITAI, PAS.SAGES IN

THE Male.

I)u(:tu.s deferens, dotted green outline. Ureter, solid

green outline. Utriculus prostaticiis, orange.

Bladder and pelvic part of urethra, red.

portion of urethra, Idack.

Penile
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deferens from the more caudal portion. The ductuli aberrantes and the rudimentary

tubules of the paradidymis are to be looked upon as persistent tubules, of a more caudal

portion of the WoUHan body, which have failed to become connected with the tubules of

the testis.

The seminal vesicles are developed in the third month as evaginations which arise from

the Wolrtian ducts, near their caudal extremities. Kach at first lias the appearance of a

longitudinal groove in the wall of the ductus deferens, which closes over and becomes cut ofl'

from the main tube except at the point where, later, the duct of the seminal vesicle joins

the ductus deferens.

The Mullerian ducts atrophy in the male embryo, but the appendices of the testis are

vestigial remains of their cephalic portions, while the utriculus prostaticus represents the

caudal fused portions which, in the embryo, occupy the genital cord.

Ducts in the Female.—The Mullerian ducts in the female retain their openings into

the body cavity, and their cephalic portions become the uterine tubes. Their fused

caudal parts, whicli at first join the uro-genital canal, give rise to the uterus and

vagina. Tiie manner in which the original position of the opening of the Mullerian ducts

becomes shifted, by the formation of a new passage or by the shortening of the uro-

genital canal, has already been mentioned

(p. 1333). The final position of the opening

is in the urogenital cleft of the adult.

The vaginal portion of the fused

Mullerian ducts is at first relatively very

short, and at the point where it opens into

the uro-genital canal a slight fold appears,

which is the future hymen. The vagina

increases rapidly in length as its opening

moves downwards towards the uro-genital

cleft. In the human embryo during the

third month the closely applied Mullerian

ducts, which higher up have fused to form

the uterus, are represented at their inferior

ends by a pair of rapidly elongating solid

cellular cords, which at a later stage break

down to form the vagina.

The Wolffian ducts and the mesonephros
atrophy in the female, but traces of them are

to be found in the ep-o6phoron and par-ooph-

oron of the adult. In the foetus the Wolffian

duct can be traced along the side of the

uterus as far as the upper end of the vagina.

Prostate.—The glandular portion of

the prostate arises as a series of solid out-

growths from the epithelium of the uro-

genital canal during the third month. The
outgrowths, which are at first simple, be-

come branched and finally acquire a lumen.

They are arranged in three groups—an
upper and a lower dorsal, and a ventral group,

became reduced in number and often completely disappear
group form the chief part of the gland.

The prostatic glands arise in both sexes, but in the female, where they are known as
para-urethral glands, they are few in number and not densely packed as in \he male. The
muscular tissue of the prostate is derived from the muscular wall of the urethra.

The bulbo-urethral glands arise in the third month, and appear to be developed
from the epithelium of the urogenital canal.

The larger vestibular glands in the female arise as epithelial outgrowths in the
same manner as the Vmlbo-urethral grlands.

Fit;. 104: -The uuo- genital
Fbm.m.e.

Passages in the

Derivations of the Mullerian duct, orange. Ureter,

green solid outline. The ep-odphoron is indicated
in green near the opening of Miillerian duct and
near the ovary.

The glands of the ventral group soon

those of the upper dorsal

External Genital Organs.

The external genital organs are developed in the region of the ectodermal cloacal

fossa, and those of the male and female cannot be distinguished from one another in

the earlier stages. The fossa at first extends on the ventral aspect of the body almost
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from the tail to the umbilical cord. At its cephalic end is a tubercle known as the
cloacal tubercle, and behind lies the coccygeal tubercle. Immediately in front of the latter
the anus is formed, and between this opening and the cloacal tubercle the uro-genital canal
opens on the surface by a median slit-like aperture, the primitive uro-genital opening.

The cloacal tubercle early becomes subdivided into an apical genital eminence which
occupies the middle line and lies at the cephalic end of the slit-like urogenital opening,
and a basal portion which lies nearer to the umbilicus and also curves round the sides of
the genital eminence. At a later time the basal part is continued to form a prominent
fold on each side of the ectodermal cloacal fossa. These folds are called the labio-scrotal
folds and, in' the female, give rise to the labia majora. The lateral margins of the primitive
uro-genital opening give origin to the labia minora, and the genital eminence becomes
the clitoris. On the clitoris at a very early date a relatively large glans is marked off by
a surrounding sulcus. In the male the scrotal folds grow backwards, and meeting behind
the primitive uro-genital opening, fuse together. In this way the opening is pushed
forwards. The genital eminence elongates rapidly owing to a growth at its basal part, and

Pig. 1048.

—

External Genital
Organs, Human Embryos.
Indifferent stage. A. Embryo
of 20 mm. B. Slightly larger.

The genital eminence and the
labio-scrotal folds are well

seen.

Fig. 1049.

—

External Genital
Organs, Male Embryo.

Formation of scrotum. The labio-

scrotal folds, formerly best

marked at the sides of the genital

eminence, have grown backwards
and united behind the primitive

uro-genital ojDeuing, to form the

raphe scroti. Tlie genital folds

embrace the base of the genital

eminence or penis. The glans is

very prominent.

Fig. 1050.

—

External Genital
Organs, Male Embryo.

Behind the glans penis the urethra

opens in a diamond-shaped fossa

in the posterior wall of which,
the median raphe ends. The pre-

puce is formed behind the con-

striction which marks off the

glans, and as it grows forwards

the constriction disappears.

A little horn-like process of epi-

thelium is present on the summit
of the genital eminence. -

a sulcus which is formed on its cloacal aspect gradually becomes converted into a canal,
by the closure of the lateral lips of the primitive uro-genital opening. Soon the uro-
genital opening is found to lie nearer the apex than the base of the eminence, which has
now given rise to the penis. For some time the opening in the male lies at the base of
the glans penis and is somewhat rhomboidal in outline. At a later time, owing to the
breaking down of a dense septum of epithelial cells which appears within the glans, a sulcus
and finally a canal arises within this part of the penis and thus the terminal part of the
urethra is formed. When the opening at the base of the glans is closed the continiious
urethral passage is established. The main portion of the urethra is entodermal in origin,

but there is some evidence to indicate that the part wliich traverses the glans has its origin
from the ectoderm.

. THE MAMMAKY GLANDS.

The mammae or breasts are accessory organs connected with the female repro-
ductive system. Each gland is situated in the superficial fascia covering the
anterior aspect of the thorax, and usually extends from the level of the second or
third to that of the sixth rib. The hemispherical projection formed by the gland
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lies upon the .siiperticial aspect of the pectoralis major and to a less extent upon the

serratus anterior iimscle. Near^the .summit of each mammary elevation, and usually

at the level of the fourth or fifth riit, is placed the wart-like nipple or papilla

mammae, which is pierced by the minute openings of the lactiferous ducts and is

surrounded by a coloured circular area of skin called the areola. The skin
covering tlie nipple is thrown into numerous wrinkles, and on the areola exhibits

many nunute rounded projections due to the ])r('8(!nee of underlying cutaneous
glands. Tlu'sc have received the name of glandiilae areolares, and are considered to

represent rudimentary portions of the mamma. The colour of the nipple and
areola varies with the complexioji of the individual, but in young subjects they
are usually of a somewhat rosy-pink colour, which changes to a deep brown during
the second and third mouths of tirst pregnancy. Also, during pregnancy, the

areola increases in size ami its glands become more marked. The nipple contains

a considerable numl)er of unstriped muscle fibres, and becomes firmer and more
prominent as a result of mechanical stimulation.

The size and appearance of the mammse vary much, not only in the different

races of mankind, but also in the same individual under different conditions. In
the young child the mamma3 are small, and there is little difference between those

of the male and female. Tlieir growth is slow until the approach of puberty,

and then the female mamnue increase rapidly in size. At each pregnancy
the mamnue become large, and they attain their greatest development during
lactation. The size of the

mamma depends partly on the

amount of superficial fat and
partly on the amount of gland-

ular tissue present.

Structure of the Mamma.
—The mamma is composed of

a mass of glandular tissue

traversed and supported by

strands of fibrous connective

tissue, and covered by a thick

layer of fat. The glandular

tissue, to which the term corpus

mammae is applied, forms a

somewhat conical mass whose
apex corresponds to the posi-

tion of the nipple while its

base is loosely connected to the

fascia covering the pectoralis

major and serratus anterior

muscles. In section the corpus mammse is readily distinguished from the sur-

rounding fat by its firmer consistency and by its pinkish-white colour. The corpus
mammoe is composed of lobes and lobules, and its superficial aspect and edges are

very uneven, the inequalities of its surface being filled up by processes of the fatty

tissue which forms a covering for the gland. This fatty covering is incomplete
beneath the areola, and here the lactiferous ducts pass into the nipple. The
gland is composed of fifteen to twenty lobes, or lobi mammae, which radiate

from the nipple, each lobe being quite distinct from the others and possessing

its own duct. The lobes are subdivided into secondary lobes and lobules, bound
together and supported by a considerable amount of connective tissue which forms
the stroma of the gland.

The alveoli of the gland and the secretory epithelium lining them vary
much under different conditions. At puberty the corpus mammae is composed
chiefly of connective tissue stroma and the ducts of the gland. At this time
the alveoli are small and few in number. During lactation, when the gland is

fully functional, the alveoli are enlarged, distended with fluid, and much more
numerous. The epithelial cells are cubical and filled with fat globules. When
the gland is not secreting, the alveoli become small and reduced in number

Am pull

1051.

—

Dissection of the Mam.ma.
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while the cells of the lining epithelium, which are now small and glandular, do

not contain fat globules.

The ducts, or ductus lactiferi, passing towards the nipple,, become enlarged

to form small spindle-shaped dilatations, called am^w/te, or sinus lactiferi ; then

becoming once more constricted, each duct passes, without communicating with its

neighbours, to the summit of the nipple, where it opens.

In the male subject the various parts of the mamma are represented in a

vestigial condition.

The presence of milk-glands is characteristic of the class mammalia, and the

number of pairs of glands in each group

of animals bears some relation to the

number of young usually produced at each

birth.

Processes radiating out
from the corpus uiainmae

Ampulla

Ductus lactiferi

Variations.—Asymmetry in the development
of the mammae is very common—the left mamma
being very often larger than the right. Absence
of one or both mammae is a very rare abnorm-
ality, which may or may not be associated with
absence of the nijjples. When one nipple only

is present it is usually the left. The presence of

supernumerary glands or nipples is not very un-
common, and a large number of examples are

recorded. The term polymasty has been applied

to cases in which more than the normal number
of mammse are present, and polythely to those

in which additional glands, in a vestigial

condition, are represented by accessory nipples.

Usually the accessory glands, or nipples, are pre-

sent on the anterior aspect of the thorax, and in

most instances they occur below and a little to

the medial side of the normal site. When the

abnormal glands are found above the normal site

they generally lie further from the median plane.

Much more rarely accessory glands hav6 been
found on the abdomen, in the axilla, or in some
other situation, including even the dorsal aspect

of the trunk. As many as three extra pairs of

mammse have been found in the same individual,

and cases in which the probable representatives

of mammary glands were even more numerous
have been recorded. Asymmetry is very common
in these abnormal structures. It is interesting

to note that examples of polymasty and polythely
occur in the male rather more frequently than in the female. In some women the accessory

breasts have yielded milk during lactation ; in most cases the abnormal organs are veiy
rudimentary, and represented only by a minute nipple or pigmented areola. These cases of poly-

masty and polythely are supposed to represent a reversion to an ancestral condition, in which
more than two mammary glands were normally present, and in which probably many young were
produced at each birth. In this connexion it is interesting to observe that usually the accessory

glands occur in positions normally occupied by mammae in lower animals. In the course of the

development of the mammae in man, specialised areas of the epidermis, similar to those

which give origin to the mammae, have been observed both superior and inferior to the region

in which the adult mammae are developed. These areas appear to be present normally,
but in most ca.ses they disappear at an early stage in the history of the embryo. In some other
mammals rudimentary mammae may occur, as, for instance, in lemurs and in some cows.

A slight functional activity of the mammary glands of the male at birth and about the time
of puberty is stated to be not a very uncommon occurrence.

Vessels and Nerves of the Mamma.—The breast receives its arterial supply from the per-

forating brandies of the internal mammary artery and from the external mammary branches of the
lateral thoracic. Additional supply is sometimes derived from some of the intercostal vessels.

The veins coming from the gland pour tlieir blood into the axillary and internal mammary
veins. Some small superficial veins from the breast join tributaries of the external jugular.

The lymph vessels of the breast are very numerous, and form extensive lymph spaces round
the alveoli of the gland. These freely anastomose with the lymph vessels of the skin and more
especially with the vessels of a very large anastomotic circle deep to the skin of the nipple. The
lymph veasels coming from the deep parts of the mamma for the most part join the lymph
glands of the axilla. They first run directly towards the deep surface of the breast, where they
enter the fascial lymph vessels contained in, or lying deep to, the fascia of the pectoralis major.
These fascial vessels end for the most part in the axillary glands. It is important to remember

Fat lubule

Fig. 1052. ^Section through a Mammary Gland.
Pi'epared after immersion iu nitric acid as recom-
memleil by Mr. Harold Stiles. (D. J. Cunningham.

)
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that while the iii.ij(jrity of llic lyiiipli vessels first iv;u;li the lyiiij)!! glands lying oii the lateral

border of the pectoralis major, some tree vessels may "short circuit " to glands— (1) in the floor of

the axilla, (2) along the circumflex vessels, (3) even to glands along the axillary vein. Yet other

lymph vessels of the breast may reach fii-st the glands in the costo-coracoid sj>ace. Some vessels

from the medial part of the breast, following the course pursued by the perforating arteries, may
join the lymph glands situated along the course of the internal mammary artery, but these

vessels are fortunately often absent. It is also to be remembered that a few, probubly irregular, com-

munications exist across the middle' line with the lymph vessels of the op])osite breast; and
further that lymph ves.sels from the infero-medial area of the breast regularly join the fascial

lymph vessels of the upper ])art of the sheath of the rectus abdominis, and through these make
communication with the lymph vessels of (1) the round ligament of the liver, (2) the peritoneum

generally, and ultimately with the abdominal lympli glands. The surgical importance of the

facts regarding the lymphatic drainage of the breast cannot be exaggerated. '

The nerve-supply of the gland is derived from the intercostal nerves of the fourth, fifth, and
sixth intercostal spaces. Along the course of these nerves sympathetic filaments reach the breast

from the thoracic part of the sympathetic trunk.

DEVELOPMENT OF THE MAMMAE.

The nmmmie ure developed as downgrowths of the ectoderm into tlie underlying

mesoderniic tissue. In the human embryo a thickened raised area of the ectoderm

can be recognised in the region of the future mamma at the end of the fourth

week. This thickened ectoderm becomes depressed in the underlying mesodei'in, and thus

the mammary area soon becomes flat, and finally sunk below the level of the surrounding

epidermis. The mesoderm, where it is in contact with this downgrowth of the ectoderm,

is compressed, and its elements become arranged in concentric layers, which, at a later

stage, give rise to the connective-tissue stroma of the gland. The depressed mass of ecto-

derm cells soon becomes somewhat flask-shaped, and grows out into the surrounding

mesoderm as a number of solid processes, which represent the future ducts of the gland.

These processes, by dividing and branching, give rise to the future lobes and lobules, and
much later to the alveoli. The mammary area becomes gradually raised again in its

central part to form the nipple. A lumen is formed in the different parts of this branch-

ing system of cellular processes only at birth, and with its establishment is associated

the secretion of a fluid resembling milk, which often takes place at this time. The
ampulla) appear as thickenings on the developing ducts before birth.

In those animals which possess a number of mammary glands—such as the cat, pig,

etc.—the thickening of the ectoderm, which is the first indication of the development of

these structures, takes the form of a pair of ridges extending from the level of the fore-

limb towards the inguinal region. These converge posteriorly, and at their terminations

lie not far from the middle line. By the absorption of the intermediate portions the

ridges become divided up into a number of isolated areas, jn connexion with which the

future glands arise. Somewhat similar linear thickenings of the ectoderm have also been

recognised in the human embryo, and the usual positions assumed by the accessory glands

when present, leads us to suspect that in all probability the ancestors of man possessed

numerous mamma) arranged, as in lower animals, in lines converging towards the

inguinal region.





THE DUCTLESS GLANDS.
Originally by the late D. J. Cunningham, F.R.S.,

Late Professor of Anatomy, University of Edinburgh ;

Revised and Rewritten by A. C. Geddes, M.D., F.R.S.E.,

ProfesKor of Anatomy, M^Gill University, Montreal.

The title, the ductless glands, denotes a group of orgaus whose function is to

elaborate a special product aud to discharge it into the blood or lymph. These
activities constitute the act of internal secretion.

The group includes the hypophysis and the pineal body, which are described with
the brain ; the suprarenal glands, which are compound organs and are the principal

representatives of two important systems of glandular tissue called respectively the

chromaphil and cortical systems ; the glandular caroticte, which are outlying parts

of the chromaphil system ; the thyreoid and parathyreoid glands, and the thymus,
which are developed from the entodermal lining of the embryonic pharynx ; the

spleen and the glomus coccygeum, which are associated with the circulatory system.

Pljysiologkally, the liver, pancreas, gastric and intestinal mucous membranes ; the kidneys,
prostate, and testes ; the uterus, ovaries, corpus luteuni, and possibly some other organs form
internal secretions, and act therefore as "ductless glands" in addition to fulfilling their more
obvious functions. Anatomically, the lymph and hoemo-lymph glands are "ductless glands,'"'

but it is not customary to speak of them as such.

1. THE CHROMAPHIL AND CORTICAL SYSTEMS AND THE
SUPRARENAL GLANDS.

A. The ChrOxMAphil System.

(Synonyms : Chromophil, Chromaffi^n, Fhceochrome, Fhaochrome System.)

The chromaphil system is composed of a number of discrete masses of tissue

which produce and discharge adrenin (Isevo-adrenalin, C.jHjgNOg (Aldrich)). The
name chromaphil is given to the tissue because the cells forming it contain

granules which, in the presence of chromium salts, stain to any tint between
bright yellow and dark brown. The distribution of the masses of tissue forming
the system is shown in Fig. 1053. There are (i.) a series of isolated masses, the

paraganglia, associated singly or in groups with the ganglia of the sympathetic
nervous system, (ii.) a number of masses, chromaphil bodies of the sympathetic
plexuses (aortic bodies) in close relation to the abdominal sympathetic plexuses,

(iii.) the glanduhe caroticie, and (iv.) the medullary portions of the suprarenal

glands.

(i.) The paraganglia are roundwl masses of chromaphil tissue, 1-3 mm. in diameter,

placed inside, half inside, or immediately outside the capsules of the ganglia of the

sympathetic system. Typically one paraganglion, exceptionally a pair of paraganglia, is

associated with each ganglion of the gangliated trunks and with each ganglion of the

cceliac, renal, suprarenal, aortic, and hypogastric plexuses. Inconstantly, paraganglia
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Are associated with the ganglia of the cardiac and inferioi- mesenteric plexuses. They
have been reported in association with ganglia situated upon the surface of the suprarenal
glands, upon the surface and in the sinus of the kidney, in relation to the ureter, the
prostate, the epididymis, the ovary, the paroophoron, and the retro-peritoneal Pacinian
corpuscles, but have not been discovered in association with the ganglia of the branches
of the nervus trigeminus.

_ -Paraganglion

Superior Cervical GanqI'on

^-z.-^:--=-— Glandulae Caroticae

~:::=~ Paraganglia of Gangliatecl'Trunk

___^ Accessory Cortical Body

__^ — Medulla of Suprarenal Gland

— Cortex oF Suprarenal Gland

^^-Chromaphli Bodies of the

Abdominal Sympathetic Plexuses

— — =» Aortic Bodies

— Accessory

(in neighboi

Cortical Body
irhood of Ovar)^

Accessory Cortical Body
(in neiqhbourhood of Testis)

Accessory Suprarenal Gland

(consistinq of cortex & medulla)

Fig. 10.o3.—Diagram uv thk Chkdmai'Hil and Coktical Systems. Modified from Swale Vincent.

Chroinaphil tissues = yellow ; cortical tissue = blue.

(ii.) The Chromaphil Bodies of the Sympathetic Plexuses.—From seven to

seventy naasses of chromajjliil tissue are developed in relation to the abdominal
sympathetic plexuses, independently of the ganglia and in addition to the paraganglia.
Of these, the most important are the two aortic bodies, which lie one on either side of the
aorta in the region of the origin of the inferior mesenteric artery. In the new-born
child they arc smooth brownish structures, 8-11 mm. in length, not infrequently united
by an isthmus superiorly (Zuckerkandl). Tliey degenerate as life advances, ceasing to
be visible soon after puberty, but remaining discoverable, microscopically, until about the
age of forty.
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(iii.) Theglandula carotica(B.N.A. glomus caroticum; u.T. intercarotid body)
is a bilateral paired organ situated in close but sli;;htly variable relation to the bifurcation

of the common carotid artery. Frequently it lies deep to the bifurcation ; sometimes it

is wedged in between the internal and external carotids at their commencement ; some-

times it is placed between them at a slightly higher level. Its shape varies with its

position. When free from pressure it is oval ; when compressed by the internal and
external carotids it is wedge-shaped. On the average, its height is 7 mm., its breadth

l'5-5 mm. Not infrequently it is split into two or more nodules. Its colour is grayish,

yellowish, or brownish red.

Structure. ^Tlie glandula carotica is built up of noduk-s of cliromaphil tissue surrounded
and su])]K)rte(I by fibrous tissue. The nodules are penetrated by a mass of sinus-like blood

capiUarifs and surrounded by large lymph vessels. Scattered nerve-cells are present, and the

wliok' organ is j)» iineated by non-medullated nerve-fibres, which estal>lisli intimate connexion
witli the chroniaphil ctlls.

(iv.) The medullary portions of the suprarenal glands, although belonging to

the cliromaphil system, are described below (p. 1.34G).

Development of the Cliromaphil System.—All chroniaphil tissue develops in intimate

reliition with the syinpatliflic nervous sy.steni. It is not derived from the sympathetic tissue

nor is the sympathetic tissue derived from it. Both are the descendants of a primitive,

inditt'erent, synipatho-clironiapliil blastema, which in a 16-mni. embryo occupies the regions

corresponding to those occupied by the .sympathetic .system of the adult. It is composed of

tightly packed deeply staining cells altout 5 m in diameter. The ancestry of these cells can be
traced V)ack with strong probability to the cells of the neural crest (see Development of the

Sympathetic Nervous System).
The differentiation of chromaphiloblasts from sympathoblasts begins when the embryo is

about 18 mm. in length, but is not completed until late in gestation, if then. The process is

marked by an increase m size of the chroniaphil formative cells and by a diminution in the

intensity of their reaction to ordinary stains. Later, the specific chrome reaction develops, but
the exact stage at which this occui-s is unknown. It is important to note that if any cells in an
area differentiate, all do. The result is that, in spite of their intimate rektions and common
origin, an intermixture of cliromaphil and sympathetic cells is extremely rare.

The first of the chromaphil masses to differentiate are the aortic bodies. They are prominent
structures in a 20-iiim. embryo. Later, the paraganglia of the sympathetic plexuses develop,

and last the paraganglia of the gangliated trunk.

The development of the glandula carotica requires special description. It takes origin from
a strand of sympatho- chromaphil blastema, which extends ventrally from the region of the

superior cervical sympathetic ganglion, deejj to the internal carotid artery or between the

internal and external carotids. Differentiation begins wdien the embryo is about 20 mm. in

length, and is completed by the time it is 30 mm. long. In connexion with the development
of the glandula, there is a peculiar thickening of the wall of the internal carotid artery near the

developing gland. In the dog a similar thickening of the wall of the internal carotid artery

takes place, although in that animal the glandula lies beside the external carotid. Further, in

a 45-mm. foetus in which the glandula is fully differentiated the thickening is still present.

These facts show that in the higher animals the thickening has no connexion with the develop-

ment of the glandula, though the association of cliromaphil bodies with blood-vessels in

cyclostomata and elasmobranchs (see Comparative Anatomy of the Chromaphil and Cortical

Systems) compels caution in excluding the possibility of there being at least some phylogenetic
relation between the two. It has frequently been stated, and is widely held, that the glindula
carotica is developed from or receives some contribution from the entoderm of the third

pharjTigeal pouch. This is not the case (see Parathyreoid Glands, Development).

B. The Cortical System.

The cortical system is composed of several masses of glandular tissue peculiarly

rich in lipoids. Its function is undetermined. The distribution of the masses is

shown in Fig. 1053. There are (i.) the cortical portions of the suprarenal glands,

(ii.) accessory cortical bodies. These are described below (see Accessory Suprarenal

Glands and Cortical System, Development).

C. GLANDUL.E SUPRARENALES.

The suprarenal glands (O.T. suprarenal bodies or capsules, adrenal glands)
are compound orgaus consisting of a capsule of cortical substance enclosing a

medulla of chromaphil tissue. Typically, there are two suprarenal glands, a

right and left, placed in the epigastric region, one on each side of the vertebral



1344 THE DUCTLESS GLANDS.

column. They lie in the sanae plane as, and in intimate relation to, the supero-

medial aspects of the kidneys. Their colour is yellowish brown ; their size varies

within wide limits. To some extent it depends upon the cause of death—being

large in subjects dead of acute septic intoxication, small after sudden death from
violence. Average dimensions are : height, 5 cm. ; breadth, 3 cm. ; thickness,

slightly under 1 cm. ; weight about 7 gm.

Surface in contact
witli liver

Suprarenal vein

Surface covered
by inferior cava

Surface covered by
peritoneum

Fig. 1054.

A. Anterior surface of right suprarenal gland. B. Anterior surface of left suprarenal gland.

The superior and medial parts of each kidney are indicated in outline. On the right gland the dotted line

indicates the superior limit of the peritoneal covering.

Rarely only one gland is present ; occasionally one is quite small, the other unusually
large ; as a rule they are unequal in size, the left being more frequently the larger.

Sometimes the two glands are fused (cf. horse-shoe kidney). Frequently there are accessory

glands. These develop in the neighbourhood of the main gland, and usually remain there,

but may become attached, early in embryonic life, to organs which subsequently change
their position. As a result, they may be found not only beside the main gland but also in

Surface in relation
to diaphragm \^

Surface in relation to
left eras of diaphragm

Surface in relation

to kidney

Surface in relation
A to kidney

Fig. 1055.

A. Posterior surface of right suprarenal gland. B. Posterior surface of left suprarenal gland.

the ligamentum latum, on the spermatic funiculus, or even attached to the epididymis.

Like the main glands, accessory suprarenals are compounded of cortex and medulla, and
require to be distinguished from chromaphil bodies and accessory cortical bodies, which
may be found in any of the positions in which accessory suprarenal glands occur.

Forms and Relations.—The suprarenal glands possess fairly constant forms and
relations. The right gland is flat and triangular in outline. It is moulded, antero-laterally
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by the liver ; atitero-medially by the vena cava inferior ;
postero-niedially by the diaphragm

above, and by the kidney below. In a fornialin-hardened specimen these areas are

separated by prominent ridges. Near the apex of the gland, within the area of contact

with the vena cava inferior, there is a short fissure, the hiiurii. From this emerges a vein

which immediately joins the vena cava. The left gland is also flat, but is semilunar in

outline. It is moulded antero-laterally, by the stomach above, and by the pancreas

Medulla of suprarrnal y,\a.\\<\ Cortex of suprarenal inland

.eft cru8 of (lia]iliragin

1 1 itervertebral (ibro-caitila^je

Spinal medulla

Fio. 1056.

—

Tkansveusk Section thuouoh the Slpkahenal Gland ok a New-born Child
IN SITV.

below
;
postero-medially by the diaphragm above, and by the kidney below. Upon the

anterior surface, near its lower end, is a well-marked fissure, the hilum. From this emerges
a vein which almost immediately joins the left renal vein.

The relations of the right and left glands to the kidneys are different. The right lies

like a cap upon the superior pole of the right • kidney ; the left is in contact with the

antero-medial border of the left kidney from the hilus to the superior pole. The relation

Fig. 1057.

—

Reconstruction of Suprarenal Gland of a Doo. (From Marshall Flint.)

The upjier part shows the arrangement of blood-vessels upon the surface of the gland, the lower part

their arrangement within its substance.

of the glands to the peritoneum is not only different but variable. On the right side the

peritoneum may cover the lower part of the antero-lateral surface of the gland ; or this

part may be in contact with the duodenum, in which case a small area about the middle
of the surface may be covered by peritoneum ; or the peritoneum may not come into

relation with the gland at all. On the left side the upper part of the anterior surface

is commonly covered by the peritoneum of the omental bursa, the lower part being

86
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crossed by the pancreas and splenic vessels. Sometimes these structures lie at a

lower level, when the whole antero-lateral surface is covered by peritoneum of the

omental bursa.

Blood and Lymph. Vessels.—Typically, each gland receives three arteries : one direct from
the aorta, cue from the inferior phrenic, and one from the renal artery ; and is drained by one

vein, which emerges at the hilum, the right to join the vena cava inferior, the left to join the

left renal vein. Numerous lymph vessels pass from the suprarenal glands to the lateral aortic

lymph glands.

Nerves.—The nerves passing to and from the glands constitute the suprarenal plexuses.

They connect with the renal and coeliac plexuses and with the cceliac ganglia, and include

numerous fibres from the greater splanchnic nerves, with a smaller number from the vagus and
phrenic nerves. Most of them are meduUated, but lose their sheaths on passing into small

ganglia in, or just within, the fibrous c;ipsule of the gland. Thereafter they pass to the

chroraaphil tissue of the medulla, either directly, or after first supplying the cortex.

Structure.—A suprarenal gland consists of a highly vascular central mass of chromaphil

tissue, the mediUla, enclosed within a thick capsule of cortical substance, the cortex, which in

turn is enclosed within a capsule of fibrous tissue, tunica fibrosa. From the deep aspect of the

fibrous tunic trabeculse pass inwards to support the glandular tissue. In the superficial part of

the cortex the trabeculse interlace freely to enclose rounded loculi, zona glomerulosa ; in the

intermediate part they run vertically to the surface to enclose columnar spaces, zona fasciculata
;

in the deepest part of the cortex they become broken up and form a reticulum, zona reticulata.

The cortex consists of polyhedral cells arranged in the interstices of the fibrous trabeculse.

These cells contain a lipoid substance, w^hich is present in sufficient quantity to give the cortex a

yellow colour.

The medulla is formed of a spongework of cell columns bounding anastomosing venous
sinuses. The cells are large, contain numerous granules, and possess the sjjecific chromaphil
reaction. In a fresh gland the medidla is of a dark red colour owing to the j)resence of blood in

its sinuses.

The blood-vessels enter at numerous points in the fibrous capsule and run in the trabeculse,

forming a network around the cell masses and coliunns of the zona glomerulosa and zona
fasciculata. In the zona reticulata the blood-vessels open up to form a venous plexus, which is

continued through large sinuses in the medulla to reach a central vein. This is the vein'

which emerges at the hilus.

Development of the Cortical System and of the Suprarenal G-lands.—The cortical system
is a derivative of the ccelomic epithelium (mesoderm). The first indication of its development
is given, when the embryo is about 6 mm. in length, by the rapid proliferation of the epithelial

cells placed between the mesonephros and the root of the mesentery. Numerous buds form and
penetrate the mesenchyme at the sides of and ventral to the aorta. In an 8-mm. embryo these

buds have already lost their connexion with the ccelomic epithelium. By the time the embryo
is 9 mm. long the developing cortical masses are vascularised. In man the greater part of the

tissue thus formed is ultimately included in the cortex of the suprarenal glands, but small masses

may escape, either at this stage or subsequently, to form independent cortical bodies.

In 12-mm. emlsryos the develoi:)ing suprarenal glands lie in a caudalward continuation of the

dorsal portion of the pleuro-peritoneal membrane called the suj)rarenal ridge, and are composed of

cortical tissue only. When the embryo is about 20 mm. in length sympatho-chromaphil cells,

destined to form the medulla of the gland, begin to migrate into tlie developing cortex. The
two kinds of tissue are in contact in 10-12 mm. embryos, but penetration of cortical masses by
sympatho-chromaphil cells has not been observed earlier than the stage mentioned.

At first the immigrating cells are scattered in numerous columns and strands, and it is not

until the embryo is about 10 cm. in length that they begin to reach the central vein and to form a

true medulla. When the process of immigration ceases is unknown, probably not until after birth.

The final specialisation of the cortex is a late phenomenon, and does not take place until long

after birth. The zona reticularis develoi^s early and is recognisable in a 15-mm. embryo ; the

zona glomerulosa is not formed until the second or third year, but is represented until then by a

layer of small incompletely specialised cells immediately under the fibrous capsule.

During foetal life the cortex is relatively enormous. This is due to a great proliferation of

the cells of the foetal zona reticularis, which differ from tlie adult cells of the same zone in not
containing lipoids. This foetal cortex begins to undergo a fatty degeneration soon after birth,

and by the end of the first year has disapi^eared. The new cortex which replaces it develops

from the small, superficially pliced, incompletely sjiccialised cells already referred to.

Comparative Anatomy of the Chromaphil and Cortical Systems.—A knowledge of the

main facts of tlie compai'ative anatomy of tlie chromaphil system is a help to understanding its

distribution in man. Chromaphil tissue is first recognised with certainty in the cyclostomata, in

which it is arranged in thin strips on the walls of the larger arteries and their branches. In
elasmobranchs chromaphil bodies are present and are arranged segmentally on branches of

the aorta in close relation to the ganglia of the sympathetic chain. Cortical tissue is also re-

ajgnLsable in the cyclostomata, in which it is arranged in small lobulated masses in the walls of
the posterior cardinal veins and renal arteries. Even in this rudimentary form it is rich in

lipoids. In the rays (elasmobranchs) the cortical system is represented by a pair of yellow-
coloured, rod-shaped structures in the region of the kidney. In batrachians the chromajjliil and
cortical representatives first begin to come togethei'. In the frog the adrenals are golden yellow
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streaks on the ventral surface of the kidney. The greater part of theee are made up of columns
of cortical cells, but at the borders or ^-nds of the cell cohiiuns masses of clironiiiphil ceUs occur.

Thisarr.'iiigitiiient i.s transitional botween tlit; complete iiidepciidcnicc of tlie chromapliil a7id cortical

systi'ms in t.']iismol)ran<lis and the partial inclu.sion of chromapliil tissue witliin cortical char-
acteristic of the hij,'hir mammals (Swale Vincent). But even in man the imion of the systems is

far from complcU;. AH tla- chn^maphil tissue excej)t tin; medulla of the suj)rarenal ^land lies

out of touch with cortical substance. It apj)cars therefore (i.) that the paraganglia of the
8ymi)athi'tic trunk are homologous willi the segmental chromapliil liodies of elasmobranchs

;
(ii.)

that the chromapliil btMlies of the abdominal jile.xu.ses are a new formation confined to the higher
vertebrates; (iii.) that the iiulusion of chromaiihil tissue within a capsule of cortical tissue, aa

in the sui)rarenal glands, is a still Later development confined to the highest classes of animals.

2. 'I'ilE DUCTLESS GLANDS OF ENTODERMAL ORIGIN.

A group of ductless, glands, (i.) the thyreoid gland, (ii.) the parathyreoid

glands, (iii.) the thymus, and two pairs of inconstant, apparently functionless

structures, (iv.) the cervical thymus glands, and (v.) the ultimo-branchial bodies,

are developed from the entodormal lining of the embryonic pharynx.

neck, firmly bounJ
upper part of the

Tliyreoid cartilage

Crico-thyreoid
ligament

SniMTior tliyreoid
vi'iii

Cricoid cartilage

Internal jugular vein

(i.) Glandula Tiiyreoidea.

The thyreoid gland (O.T. thyroid body) is placed in the

by hbrous tissue to the anterior and lateral aspects of the

trachea and to the sides of

the larynx. It is yellowish

red, soft, and vascular. It

varies in size with age, sex,

and general nutrition, being

relatively large in youth, in

females, and in the well nour-

ished. In women it increases

temporarily with menstrua-

tion and pregnancy. Its

average dimensions are, height

5 cm., breadth 6 cm., weight

25 gm. ; but these measure-

ments are of little value be-

cause of the range of varia-

tion.

Conventionally, the thyreoid

gland is said to consist of two
conical lobes iniited across

the middle line by a narrow

strand of gland tissue, the

isthmus. To many thyreoids

this description is inapplicable.

In men and thin elderly spinsters

the gland is not uncommonly
horse -shoe shaped; in young
well -nourished women and in

pregnancy its general contour

suggests a sphere, deeply notched

superiorly to accommodate the larynx and deeply grooved posteriorly for the trachea and
oesophagus. Rarely, the gland is in two parts. Not infrequently, it is asymmetrical.

In about 40 per cent of specimens a process of gland tissue, the pyramidal lobe, extends

from the upper border of the isthmus, upwards, in front of the cricoid and thyreoid

cartilages, towards the hyoid bone. This process is seldom median, lying more often on

the left than on the right. In rare cases, it is double. Less rarely, it is double below

and single above. Sometimes it is represented by a strip of fibrous tissue or a narrow
muscle (lig. suspensorium, or m. levator, glandula; thyreoidea).

Small oval accessory thyreoid glands are common in the region of the hyoid bone,

and arc occasionally met with in relation to the right and left lobes.

The relations of the gland are variable, depending upon its size and its relative level.

Inferior

thyreoid vein

Innominate artery

Fig. 1058.

—

Dissection of the Thyueoid Gland and of the Parts
IN immediate relation to it.
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Ill a majority of cases the isthmus covers the second, third, and fourth rings of the

trachea, but it may cover the cricoid cartilage, or the fourth, fifth, and sixth tracheal

rings. Anteriorly, the gland is clothed by the pretracheal fascia, which separates it from
the sterno-thyreoid, sterno-hyoid, and omo-hyoid muscles. Extensions of this fascial layer

form an indefinite capsule for the gland. Postero-medially, the thyreoid gland is moulded
by the sides of the trachea and lower part of the larynx, and, when large, comes into

contact, behind them, with the pharynx and oesophagus. Postero-laterally, it is in

relation to the common carotid arteries, and when large is in intimate relation to the

recurrent nerves. Further, it has important relations to the parathyreoid glands (see

Parathyreoid (ilands. Relations).

Blood and Lymph Vessels.—The blood supply is effected through the superior thyreoid

artei'ies, branches of the external carotids, and through the inferior thyreoid arteries, branches
of the thyreo-cervical trunks. Occasionally a fifth artery is present, the thyreoidea ima, a

branch of the innominate. The pyramidal lobe, if well developed, receives a special branch
from one of the superior thyreoids, usually the left. These arteries are remarkable for their

large size and for the frequence and freedom of their anastomoses. An anastomosing trunk
courses up the posterior aspect of each lateral lobe, uniting the inferior and superior thyreoid

arteries. It is of interest in connexion with the recognition of the parathyreoid glands.

Typically, three pairs of veins drain the gland. The upper two pairs, the superior and middle
thyreoid veins, join the internal jugulars ; the lower pair, the inferior thyreoid veins, join the

left innominate. These vessels take origin from a venous plexus on the surface of the gland or,

in the case of the inferior, from a downward extension of the plexus in front of the trachea.

When the gland is very large, accessory veins are present, sometimes in considerable numbers.
Most of these pass to the internal jugulars. A free, transverse, venous anastomosis is effected

along the borders of the isthmus through the superior and inferior communicating veins.
.

The lymph vessels anastomose freely in the substance and on the surface of the gland. Most
pass direct to the deej) cervical lymph glands, a few descend in front of the trachea to "the

pretracheal lymph glands.

Nerves.—The nerves are derived from the middle and inferior cervical ganglia of the

sympathetic. They accompany the blood-vessels.

Structure.—The gland is enclosed in a fibrous capsule (tunica propria) which sends

prolongations inward to form a framework for the gland tissue proper. This consists of

spheroidal vesicles, '04 mm. to 1 mm. in diameter, lined with cubical epithelium, and filled with
"colloid." The size, shape, and cellular characters of the vesicles vary with diet and environ-

ment. The vesicles are surrounded by networks of blood capillaries and of lymph vessels.

Development.—The thyreoid gland takes origin from a single median outgrowth from
the pharyngeal floor (entoderm). It is recognisable as a shallow bay in a 1'8-mm. embryo,
practically simultaneously with the demarkation of the foregut. As the bud grows its end
expands whilst its stalk narrows to form the thyreo-glossal duct.

In a 4-mm. embryo an elevation is present round the pharyngeal opening of the duct. This
is the tuberculum impar. It migrates forwards, the duct backwards, so that in a 5-mm. embryo
the duct opens into the furrow immediately caudal to the tuberculum (see Tongue, DcA^elopment).

At about this stage the duct begins to obliterate. This process proceeds slowly and is seldom
quite complete, a vestige of the duct, the foramen ccecum of the tongue, remaining in the adult.

While these processes are proceeding growth and lateral expansion of the bud continue. It

becomes bilobed and has a divided lumen, and all the while it undergoes a continuous relative

displacement caudalwards. Soon its lumen disappears. In a 9-mm. embryo the developing
thyreoid gland is a transverse bar composed of transversely disposed cell columns. At about the

tenth week of development, 55-mm. embryo, the formation of vesicles commences but is not com-
pleted until after birth. The remaining changes are due to simple growth and the moulding
effects of the pressure of surrounding structures.

The thyreoid gland does not arise in any of its parts from any of the pharyngeal pouches
(see Ultimo-branchial Bodies).

The developmental history of the gland affords a ready explanation of its variations in the

adult. Thus the development of a pyramidal lobe and its variations, partial and complete
duplication, are due to the development of gland tissue from that part of the thyreo-glossal duct
which has a double lumen and the more or less complete fusion or separation of the masses thus
formed. Accessory thyreoid glands near the hyoid bone are the result of a similar process in

connexion with isolated remnants of the duct.

The occurrence in the adult of a duct leading from the foramen csecum to, or towards, the
hyoid bone (lingual duct) is due to a persistence of the upj^er part of the thyreo-glossal duct.

Similarly, thyreo-glossal cysts are due to the persistence of short intermediate lengths of the duct.

(ii.) GLANDULyE PaRATHYREOIDE^.

The parathyreoid glands (O.T. parathyroid bodies; Synonyms: epithelial

bodies, paratliymic glands, branchiogenic glands) are finely granular, yellowish
brown, lenticular or spheroidal structures, from 2 to 20 mm. in diameter and from
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•01 to 3 gm. in weight. Most commonly they are lenticular, 5-7 mm. in length,

1-2 mm. in thickness, and from 01 to "1 gm. in weight. Normally there are two pairs

of parathyreoids, distinguished hy the Roman numerals IV. and III. to signify that
they develop from the fourth and third pharyngeal pouches. Sometimes, in course
of development, the parathyreoid buds divide so that more than four, five to twelve,

glands may be present : the numerals are then applied to the groups of glands
formed from the pouches.

I'arathyreoid IV. is comuiouly embedded in the tunica propria of the thyreoid gland
and lies posterior to the corresponding lateral lobe of that organ, about its middle. Para-
thyreoid 111., similarly embedded, usually lies on the posterior aspect of tlie inferior ex-

troiiiity of the lateral lobe of the thyreoid gland. As a rule the anastomosing channel,

which connects the inferior and superior thyreoid arteries (see Thyreoid Gland, Blood
Supply), passes near both parathyreoids and furnishes the best guide to their discovery, but
the range of the exceptional positions which the glands may occupy is wide. Thus, para-

thyreoid IV. may be found (1) behind the pharynx or oesophagus, (2) in the fibrous tissue

at the side of the larynx, above the level of the thyreoid gland, (3) behind any part of the
corresponding lobe of the thyreoid gland or even embedded in the thyreoid substance
(internal parathyreoid) ; whereas parathyreoid III. may be found (1) near the bifurcation

of the common carotid artery, (2) behind any part of the corresponding lobe of the
thyreoid gland, (3) on the

sides of the trachea, or (4)

in tlie thorax.

Blood-vessels. —The
blood .-\ipply of each para-

thyreoid is effected by a
single artery which enters

the glan<l at its hilum. It

may spring from any branch
of the inferior or superior
thyreoid arteries, but most
commonly is a branch of the Common carotid artery

large anastomosing channel
already referred to.

Structure. — The para-

thyreoids are built up of iu-

tercommunieatiugtrabeculte Subclavian vein
."'

of epithelial cells with
strands of vascular connec-
tive tissue between them.
The cells are of two kinds,

one clear, the other, the min-
ority, containing oxyphyl
granules. Sometimes they
surround spaces recalling

thyreoid vesicles but there

is no formation of " colloid,"

except possibly after thy-
reoidectomy.

Development. — The
parathyreoid bodies develop
from the dorsal diverticula

of the third and fourth

pharyngeal pouches. The
first indication of their de-

velopment is a proliferation

and thickening of the epi-

thelium on the cranial and
lateral aspects of the diver-

ticula. This is present in

both the third and fourth

pouches in 9-10 mm. embryos
but appears to be rather

irregular in the time of its

appearance. The cells forming it are vacuolated, difficult to stain, and indistinct in outline.
Cords of cells grow out from the thickening and fibrous tissue penetrates between the out-
growing conis, which soon lose their connexion with the pharynx. The differentiation of the
two kinds of cells takes place after birth.
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i?land
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Subclavian artery

Subclavian vein

Innominate vein''

Fio. 1059. -ThY.MLS in a FuLL-TIMB FtETCS HAKDENKl) BY
F«IK.MALI.V-INJECTI()N.
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Parathyreoid III. is normally drawn by tlie thymus, as it migrates, caiidal to parathyreoid IV.

As a rule it halts at the level of the inferior extremity of the lateral lobe of the thyreoid gland,

but may continue its descent into the thorax or may not descend at all. In the latter case it

remains near the bifurcation of the common carotid artery, where it is apt to be confused with

the glandula carotica. It is from this confusion that the idea, that the chromaphil glandula

carotica arises from the third pharyngeal pouch, has obtained a foothold in anatomical teaching.

(iii.) Thymus.

Strictly, there are two thymus glands, a right and a left, but they are so

closely bound to one another that it is customary to 'speak of them as a unit,
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Fig. 1060.— Dissection to show the Thymus Gland in an Adult Female.

the thymus. This is an irregular pinkish mass of glandular tissue placed in the

lower part of the neck and in the superior and anterior mediastina. Its size

varies, relatively and ab.-olutely, with age, sex, and nutrition, being relatively

largest in infancy, absolutely largest at puberty; larger in females and the well

nourished than in males and the emaciated ; large in healthy adults accidentally

killed ; small in persons, even children, who have died of a slow wasting disease.

It is supposed that it undergoes a premature permanent involution as the result

of severe illness even though, to all appearance, the individual completely recovers.
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It is impossible to say what should be the normal dimensions of the gland at the
various ages. In some new-born babes it weighs as little as 2 or 3 gm., in others
as much as 15-17 gm. At puberty it may be difficult to find, or may weigh as
much as 40 gm. After the age of fifty it may require careful di.s.scction to dis-

cover, or may be quiti; large. Wbeu large it fills all the space available between
the pleural sacs laterally, the back of the sternum in front, and the pericardium
and great vessels behind; when small it is embedded in fat and fibrous tissue.

The shape of the gland varies with its size and tiie age of the individual. In
infants with short thoraces it is broad and squat ; in adults with long thoraces
it is drawn out into two finger-like strands. The details of its shape are deter-
mined by its size and l)y the structures upon which it is moulded, viz., the peri-

cardium and the great vessels of the superior mediastinum and the rcjot of the
neck. One or both of its lobes may be connected by a strand of fibrous tissue

to the tunica propria of the thyreoid gland.

Blood and Lymph Vessels.—The blood supply of the thymus is effected through incon.stant
branches (»f tlu^ iiil'erior tliyreoid and internal mammary arteries. Its veins are irregular and
join tlie inferior thyreoid, internal mammary, and innominate veins. Its lymph vessels are
large and pass to glands close to the organ.

Its nerves are minute and are derived from the vagus and sympathetic. The branches of
the vagus descend directly to the thynuis bom about the level of the thyreoid cartilage; the
sympathetic fibres run with the blood-vessels. The fibrous capsule of the thymus receives >sma]]
irregular l)ranclu's from the phrenic nerve.s, but these do not supply the gland tisi

Structure.—The thymus is invested by a

tibi'ous cajisuU' which sends septa into its sub-
stance to divide it into lobules. The lobules are

similarly divided into follicles (secondary lobules)

about 1"5 mm. in diameter. Each follicle consists

of a medulla not quite completely surrounded by
a cortex. In a general way, the structure of the
cortex resemblos a lynipli gland, but the reticulum,
instead of being fibrous, is syncytial. The sjiaces

of the reticulum are crowded with lymphocytes,
but there are no germinal centres. The medulla
resembles the cortex, but the reticulum is coarser

and contains cell nests, the concentric corjruscles

of Hassall. As age advances the thymus under-
goes involution. This process is marked by an
increase of fibrous tissue and a reduced cellidarity.

The number of lymphocytes and of concentric
corpuscles varies with nutrition.

Development.—As has been stated, there are in reality two thymus glands, a right and a

left ; tliey arise from the ventral diverticula of the third pharyngeal pouches. The first

indications of the developing glands, cylindrical elongations of the diverticula, are present in

5-mni. embryos ; the walls of the cylinders, more particularly their dorsal part^, soon thicken.

Coincidently the necks of the pharyngeal pouches become constricted to form the iiharyngo-
branchial ducts III. These soon disappear when the thymus rudiments lose all connexion
with the pharynx. At this time the ujjper i)arts of the rudiments still have a lumen ; the
lower parts are solid. Soon the lumen vanishes ; the solid parts thicken and the developing
tliymus migrates caudalwards to reach the pericardium at the 15-mm. stage. As a result of the

migration the upper part gets drawn out and finally disappears. It is in this process that

l)arathyreoid III. is involved. It is attached to the upjjer part of the migrating thymus, the part
which disappeai-s. The relative time of this disappearance determines the permanent level of

parathyreoici III., for until it happens that gland is dragged in the wake of the thymus (see

rarathyreoids. Development of). Sometimes a small detached mass of thymus formative tissue

niav persist beside parathyreoid III., and mav differentiate to form an Accessor^' Cervical

Thymus III.

During migration and after, the cells continue to proliferate and the thymus rudiment
increases in mass. At the 40-mm. stage lymphocytes begin to appear in it. Ditferentiation

of cortex and medulki is visible at the 45 mm. stage. The details of the process of thymic
histogenesis are undetermined. It is believed that the syncytial reticulum and concentric

corpuscles are of entodermal origin, but whether the lymphocytes arise in situ or are immigrants
is unknown.

Fig.

Pericardial surface

1061.

—

Deep Surface of Thymus, taken
from a fastcs hardened by fokmalin-
injection.

(iv.) The Cervical Thymus Vestiges.

Small masses of thymus tissue are frequently found in close relation to parathyreoid

s

IV. They are developed from the ventral diverticula of the fourth pharyngeal pouches
in a manner generally similar to that in which the main thymus gland develops. Not

86 a
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infrequently they are embedded in the thyreoid gland, internal thymus. Less frequently

they are sausage-shaped bodies, 5-25 mm. in length, lying at the sides of the trachea.

Sometimes they are long enough to extend into the thorax, where they come into relation

with the main thymus gland. Rarely they migrate into the thorax and develop to form
considerable portions of the main thymus gland, which then consists of four development-

ally distinct parts. Cervical Thymus Vestiges IV. require to be distinguished from the

Accessory Cervical Thymus Glands IIL, which are sometimes found in close relation to

parathyreoids IIL (see Thymus Gland, Development).

(v.) The Ultimo-branchial Bodies.

The fifth pharyngeal pouches give rise to a pair of gland rudiments called ultimo-

branchial bodies. Their fate is not known ; it is possible that they may become the

strands of parathyreoid-like tissue occasionally present in the lateral lobes of the thyreoid
;

more frequently, apparently, they degenerate and leave no vestiges.

Their chief interest is that, for long, they were erroneously regarded as the rudiments

of the lateral lobes of the thyreoid gland.

3. THE DUCTLESS GLANDS ASSOCIATED WITH THE
VASCULAE SYSTEM.

Two ductless glands of mesodermal origin are associated with the vascular

system. They are (i.) the spleen, (ii.) the glomus coccjgeum.

(i.) Lien.

The spleen is a soft, highly-elastic, contractile organ of purplish colour, placed

in the upper left posterior part of the abdominal cavity, partly in the epigastrium,

miinly in the left hypochondrium. It is moulded by the diaphragm, kidney,

stomach, and, sometimes, colon. Its dimensions vary widely, but on the average

are : length, 12 cm. ; breadth, 7 cm. ; thickness, 4 cm. ; weight, 160 gm. Its shape

is modified by the relaxation, distension, and contraction of the neighbouring hollow

viscera ; its position and the details of its moulding, by the attitude of the

individual.

When the stomach is contracted and the colon distended, the spleen has the

form of an irregular tetrahedron ; when the conditions of the hollow viscera are

reversed, the form of a segment of an orange. These are the extremes of a series

of forms which the spleen presents when hardened in situ. In the recumbent

posture the long axis of the spleen corresponds in direction with the posterior part

of the tenth rib ; in the erect attitude the long axis is frequently vertical, more
especially in adult females.

Surfaces, Borders, and Angles of the Spleen.—The surfaces of the spleen are

the facies diaphragmatica, facies renalis, facies gastrica, and, in the tetrahedral form only,

facies basalis (colica). Their contour is fairly constant. The diaphragmatic surface is

convex, moulded to the curve of the diaphragm ; the renal is slightly concave, moulded
to the kidney ; the basal is flat or slightly concave, moulded by the colon ; the gastric,

deeply concave, moulded hj the stomach. The gastric surface is interrupted by an

irregular, not infrequently divided, slit, the hilum, through which the branches of the

splenic artery enter and the tributaries of the splenic vein leave the gland. On the same
surface, behind the hilum, there is a depression for the tail of the pancreas.

The borders of the spleen are margo anterior, between the gastric and diaphragmatic

surfaces ; margo posterior, between the diaphragmatic and renal surfaces ; margo inter-

medins, between the renal and gastric surfaces. When present the basal surface is

separated from the diaphragmatic by the margo inferior, from the gastric and renal by
the margines intermedii, anterior and posterior.

The anterior border of the spleen is almost invariably notched ; most frequently there

are two notches, but there may be six or seven. Sometimes the posterior border also is

notched. Rarely, the notches on the borders are joined by fissures extending across the

diaphragmatic surface.

The angles of a tetrahedral spleen are : superior, at the junction of the diaphragmatic,
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gastric, and renal surfaces ; anteHor, at the junction of the diaphragmatic, gastric, and

basal surfaces
;
jiosterior, at the junction of the diaphragmatic, renal, and basal surfaces

;

intermediate, at the junction of the renal, gastric, and basal surfaces. In a spleen of

orange-segment form there are but two angles, a superior and an anterior. The superior

is bounded in the same way as in the tetrahedral form ; the anterior, by the dia-

phragmatic, gastric, and renal surfaces. In all spleens, but most commonly in those of

oblique, irregularly tetrahedral form, the suj)erior angle may curve forward as a })lunt

hook.

The spleen is entirely covered with peritoneum and is moored by two peritoneal folds,

the liono-renal and gastro-splenic ligaments (pp. 11 62 and 1236). Inferiorly it is supported

by the peritoneal phrenico-colic ligament (p. 1 242).

Rib IX

Rib X

Rib XI

Descendini; colon

Uib IX

Rib X

Ascending colon,

Fig. 1062.

—

Dissectiox of the Si'leen, Livek, and Kidnkys kuom behind, in a Subject hardened by
Formalin-injection.

As a rule they are attached toSmall globular accessory spleens are often present,

the gastro-splenic ligament near the splenic hilum.

Blood and Lymph Vessels.—The spleen receives its blood from the splenic artery, which
passi'S through the lit-iio-renal ligament. Before reaching the gland it breaks up into six or

more branches which enter the hilum independently. The vein of tlie spleen, the splenic vein,

is formed in the lieno-renal ligament by the union of several unnamed tributaries which emerge
from the liilum. The lymph vessels also leave the spleen at the hilum. They are small and come
from the cajisule and trabecular only, not from the glandular part of the organ.

Nerves.—The nerves are almost entirely non-medullated and come from the coeliac plexus.

They accompany the splenic artery and its branches.

Stmctiire.—The spleen is composed of a soft substance called pulp, supported by fibrous

trabeculai and enclosed within a fibrous capsule, tunica propria, which, in turn, is enclosed within
a peritoneal capsule, tunica serosa. Embedded in the pulp are nodules of lymph tissue, noduli

lymphatici lienales (O.T. Malpighian corpuscles).

The timica serosa closely invests the organ, except where it is reflected on to the lieno-renal

and gastro-splenic ligaments and at the hilum. It is very firmly bound to the tunica propria.

The tunica propria is stout and strong but highly elastic. It is composed mainly of fibrous
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tissue but iucludes many elastic and muscle fibres. From its deep surface, more especially at the
hilum, strong trabeculae pass into the organ to support the blood-vessels and nerves.

ANTERfOR

Hilniii

Pancreatic impresbion

Intermediate angle Posteuor angle

Fig. 1063.

—

The Spleen—Visceral Aspect.

The pulp is a spongework of fine fibres covered, at places entirely concealed, by branched
connective-tissue corpuscles, reticulum cells. Associated with these, occupying some of the

Cftiiti-al blood-space Capillaries

Capillaii

Capillaries

Central blood-spacf

Kio. 1064.—Section through Glomus Coccyoeum (highly luaguificil). From J. W. Thomson Walker.

smaller spaces of tlie spongework, are cells like very large leucocytes, siAeen phagocytes. These
are amoeboid and often contain the debris of red blood corpuscles.
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The arteries enter at the hihun, run in the traheeuhe, and branch freely. The smaller

arteries have a lynijihoid sheath developed in their walls. This replaces the fibrous sheath which
the larger arteries receive from the trabecula;. Every here and there the lymphoid sheath

expands synmutrically or a.symmetrically to form a lymphatic nodule (nodulus lymphaticus
lienali.^). Many of the nodules thus formed are quite small ; others are visible to the naked eye

as white specks, but, however' large or small they may be, each contains a network of capillaries.

Towards tJieir termination the arteries lose their sheaths and become reduced to simple tubes of

endothelial cells
;
gaps ajjpear in their walls and finally the cells forming them become con-

tinuous with tlie reticulum cells of the pulj). The veins begin in the same way as the arteries

end. The j>ulp is, therefore, the modified caj)illary system of the spleen.

Development.—The s])leen is meso<lermal in origin. The fu-st indication of its develop-

ment, in a 9-mm. embryo, is a thickening of the dorsal mesogastrium. In 10-12 mm. embryos
the coelomic ej)ithelium over the splenic rudiment is several layers thick. Soon the deeper

layers of the thickening are tran.sformed into me.senchyme and the epithelium is reduced again

to a single layer. The first vascularisation of the spleen is effected by a ciipillary network. Out
of this the intra-splenic arteries and veins

differentiate. The undifferentiated capil-

laries between them form cai)illary tufts

or spherules. These become transformed
into the pidp. The exact method of this

transformation is undetermined, but during
it«s progress great numbers of red blood

cells are produced. The lymphatic nodules

are developed in the later part of footal

life, and with their contained lymphocytes
differentiate from the tunica adventitia of

the arteries.

ArtPi'ial bmnches

(ii.) Glomus Coccygeum.

The glomus coccygeum is a

small body, 2-2-.5 mm. in diametei",

placed immediately anterior to the tip

of the coccyx, upon a branch of the

middle sacral artery. Usually it is

accompanied by a group of smaller

bodies of similar structure and arterial

relation.

Accessory glomus

Accessory glomus

Entrance of artery
into main glomus

Accessory__Q
glomus

Jfain glomus-

Accessory
glomus"

Arterial branches

Accessory
glomus

Structure. — The glomus is enclosed

in a fibrous capsule and consists of round
or polyhedral cells with large nuclei lining

a considerable blood space, which is an
anastomosing channel between an artery

and a vein.

Development.—The glomus develops

from the capillary network of the region

of the tip of the embryonic tail At first

the capillary walls difl'erentiate as if to form an artery, then the cells of the middle coat,

instead of forming muscle, assume an epithelioid character.

The position of the glomus coccygeum at the posterior end of the axis of the body, and the

fact that its blood-spaces form a wide arterio-venous anastomosis, suggest that it is a sort of

safety-valve on the peripheral circulation. No evidence that it produces an internal secretion

has, as yet, been obtained, and in spite of frequent statements to the contrary it contains no
chromaphil cells (Stoerk).

Fig. 1065.

—

Schema of the relation presented by the
Glomus Coccygeum and its accessory outlying
P.ARTS TO THE BRANCHES OK THE MIDDLE SaCRAL
Artery. (Reconstructed from serial sections through

the region.) From J. W. Thomson Walker.





SURFACE AND SURGICAL ANATOMY.
l^Y Harold J. Stiles, F.E.C.S.

THE hp:ad and neck.

THE CRANIUM.

Scalp.—The tirst and third layers of the scalp, namely, the skin and the epi-

cranius muscle, are firmly united by fibrous processes which pass from the one to

the other through the second or subcutaneous fatty layer. Intervening between

tliese three layers and the pericranium is a loose cellular layer which supports the

small vessels passing between the scalp proper and pericranium. The thin peri-

cranium, although regarded anatomically as periosteum, possesses very limited

bone-forming properties ; over the vertex it is readily separated from the skull-cap,

except along the lines of the sutures, where it gives off intersutural processes to

join the endosteal layer of the dura.

The free blood-supply of the scalp is for the purpose of nourishing its abundant
hair follicles and glands. The main vessels lie in the dense subcutaneous tissue,

and are superficial, therefore, to the epicranius (Fig. 1066). The arteries supplying

the frontal region are derived from the internal carotid, while those for the remainder

of the scalp spring from the external carotid. These two sets of vessels anastomose

freely with one another, and freely also across the median plane ; hence the failure

of ligature of the external carotid to cure cirsoid aneurysm of the temporal artery.

Wounds of the scalp bleed freely, and the vessels are difl&cidt to ligature on account of the

adhesion of their walls to tlie dense subcutaneous tissue. In extensive flap wounds and in

diffuse su2)puration Ijeneatli the epicranius there is little danger of sloughing of the scalp.

Abscesses and haemorrhages superficial to the epicranius are usually limited on account of

tlie density of the subcutaneous tissue. Hsemorrhage beneatli the epicranius is seldom
extensive on account of the small size of the vessels, but suppuration in this situation may
ra])idly undermine the whole muscle and its aponeurosis—the galea aponeurotica ; incisions to

evacuate the pus should be made early, and parallel to the main vessels of the scalp. Extravasa-

tion of blood beneath tlie i)ericranium leads to a hwrnatoma which is limited by the sutures.

The veins of the scalp communicate with the intra-cranial venous sinuses

—

(1) directly tlirough their anastomoses with the large emissary veins, namely, the

parietal, which opens into the superior sagittal sinus, and the mastoid and condyloid,

which open into the transverse sinus
; (2) through the anastomoses of the frontal

and supra-orbital veins with the ophthalmic vein, which opens into the cavernous

sinus
; (3) through the veins of the diploe, which connect the veins of the scalp

and the pericranium on the one hand with those of the dura mater and the venous

sinuses on the other
; (4) through small veins which pass from the pericranium

through the bones and the intersutural membranes to the dura. It is along these

various channels that pyogenic infection may extend, from the scalp and pericranium,

through the bone to the dura mater and venous sinuses, and from the latter to the

cerebral veins, the pia-arachnoid, and the substance of the brain. More rarely the

infection spreads from the cranial cavity along the emissary veins to the scalp.

The lymph vessels of the anterior part of the scalp join the external maxillary

lymph vessels ; those of the temporal and parietal regions open into the pre-auricular

and parotid lymph glands, situated in front of and below the ear, and into the

post-auricular or mastoid glands, situated upon the insertion of the sterno-mastoid

muscle. The lymph vessels of the occipital region open into the occipital glands,

which lie close to the occipital artery where it becomes superficial in the scalp.
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Bony Landmarks of the Cranium.—At the root of the nose is the fronto-

nasal suture (nasion) ; a little above it is the glabella, a slight iDrominence which

connects the superciliary arches. About 1 in. below the posterior pole of the

Integument
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Fig. 1066.

—

Diagrammatic Eepbesentatiox of a Frontal Section through the Scalp, Cranium,
Meninges, and Cortex Cerebri (modified from Cunningham).

cranium, and 2 in. above the spine of the epistropheus, is the external occipital

protuberance (inion). In the child the protuberance is not developed ; its position

may be defined by taking a point at the junction of the upper and middle thirds

of a line extending from the posterior pole of the skull to the spine of the epi-

stropheus. About a third of the distance from the nasion to the inion is the

bregma or junction of the coronal and sagittal sutures ; with the head in the

natural erect posture the bregma corresponds to the middle of a line carried across

the vertex between the pre-auricular points of the zygomatic arches.

At birth the position of the bregma is occupied by the fonticulus frontalis, a rhom-
boidal membranous area which generally becomes ossified at about the eighteenth

month. The size and date of closure of the fontanelle, as well as its tension and pulsa-

tion, are all points to be carefully noted in the clinical examination of children.

The lambda, or junction of the sagittal and lambdoidal sutures, situated 2| in.

above the inion, can generally be felt through the scalp ; a line drawn from it to

the posterior border of the root of the mastoid process corresponds to the lambdoidal

suture. In the adult the parieto-occipital fissure of the brain lies opposite, or a few

millimetres in front of, the lambda ; in the child, however, the fissure may be as

much as 1 in. in front of it.

Crossing the supra-orbital margin close to its medial angle, a finger's-breadth

from the medial line, are the supra-trocMear nerve and the frontal branch of the

ophthalmic artery ; the latter nourishes the flap in the operation of rhinoplasty.

At the junction of the medial and intermediate thirds of the supra-orbital margin,

1 in. from the medial line, is the supra-orbital notch or foramen, the guide to the

supra-orbital vessels and nerves. A little above the level of the lateral canthus
of the eyelid is the fronto - zygomatic suture, immediately above which is the

zygomatic process of the frontal bone. At the posterior end of the suture the

zygomatico-temporal branch of the orbital nerve pierces the temporal fascia to reach

the scalp. Half an inch above the suture is the lower margin of the cerebral hemi-

sphere
; while half an inch below the suture is a small tubercle on the posterior border
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of the zygomatic bone ; a line drawn from this tubercle to the lambda gives the line

of the superior temporal sulcus and of the inferior comu of the lateral ventricle.

The. zygomatic arch, an important landmark, is liorizontal wlieii llic liead is in

the natural position, and is on the same level as the inferior margin of the orbit and

the inion ; its superior border is at, or not infrequently a little above, tlie level of

the lower lateral margin of the hemisphere. The superior border of the zygoma may
be traced backwards immediately above the tragus and thq external acoustic meatus

to become continuous with the ridge formed by the supra-mastoid portion of the

temporal crest. The jiart of the posterior root of the zygoma which lies imme-
diately in front of the superior end of the tragus constitutes a valuable landmark

which may with advantage be termed the pre-aiuricular point of the zygoma, while by

the term post-auricular point is understood that point upon the supra-mastoid crest

which lies immetliately behind, and a finger's-breadth below, the upper attachment

of the auricle. The temporal vessels and the auriculo-temporal nerve cross the

zygoma at the pre-auricular point, and it is there that the pulsations ol' tlie temporal

artery may be felt during the administration of an anaesthetic, or the vessel

compressed for the purpose of checking bleeding from the temporal region of the

scalp. The termination of the auriculo-temporal nerve in the neighbourhood

of the parietal tuber is often the seat of a neuralgic pain in irritative conditions

about the external acoustic meatus, the latter being supplied by this nerve.

Two inches vertically above the pre-auricular point is the inferior end of the

central sulcus of Rolando. Two inches vertically above the middle of the zygomatic

arch is the pterion (spheno-parietal suture), a point which cannot be felt, but which

is nevertheless of topographical importance, as it overlies the lateral point (the point

where the lateral fissure of the brain breaks up into its three branches) and the

anterior branch of the middle meningeal artery.

The frontal tuber (better marked in the child) overlies the middle frontal con-

volution. The parietal tuber, which varies considerably in the definiteness with

which it can be recognised, overlies the termination of the posterior horizontal

limb of the lateral fissure of the brain, and therefore also the supra-marginal convolu-

tion, which is named by Turner the convolution of the parietal tuher. The part of

the temporal crest which intervenes between the zygomatic process of the frontal

bone and the coronal suture lies a little above the level of the inferior frontal sulcus.

The highest part of the temporal crest crosses the anterior central gyrus at the

junction of its middle and lower thirds, that is to say, at the junction of the motor

areas for the arm and face. In the child the temporal muscle, which is relatively

much smaller than in the adult, reaches only a short distance above the squamous
suture, and, therefore, only as far as the level of the inferior end of the central

sulcus of Rolando.

The thickness of the skull-cap varies at different parts and in different individuals. The
inner table is only half tlie thickness of the outer table, but both possess the same degree of elas-

ticity. Wlien the vault is fractured from direct violence, the inner table is more extensively

fissured than the outer table, because the elements of the latter are compressed, while those of the
former are stretched apart. The weak areas at the base of the skull through whicli fractures are

liable to extend are : in the anterior cranial fossa, the orbital parts of the frontal bone, and the
cribriform plate of the ethmoid ; in tlie middle cranial fossa, the region of the glenoid cavity

of the temporal bone, and of the foramen ovale of the sphenoid ; in the posterior fossa, the fossae

of the occipital bone. The strong petrous part of the temporal is weakened by the tympanic
cavity and by the deej) jugular fossa.

Cranio-Cerebral Topography.— Of the jmany methods which have been

devised for mapping out the relations of the cranial contents to the scalp, that

introduced by Professor Chiene is, probably, the most useful from a clinical

point of view ; no figures or angles have to be remembered, and the primary
surface lines are drawn from bony points which are not variitble, whilst the

secondary lines are drawn, for the most part, between mid-points of the primary
lines. The method is as follows (Figs. 1067 and 1068) :

—

" The head being shaved, find in the median line of the skull between the

glabella (G) and the external occipital protuberance (0) the following points :

—

" First, the 77iid-point (M) ; second, the three-quarter point (T) ; third, the seven-

eighth point (S).
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" Find also the zygomatic process (E), and the 7^00^ of the zygoma (preauricular

'point) (P), immediately above and in front of the externa] acoustic meatus.
Having found these five points, join EP, PS, and ET. Bisect EP and PS at N and
Pi. Join MN and MR. Bisect also AB at C, and draw CD parallel to AM."

The line MA corresponds to the superior and inferior precentral sulci, and may
therefore be termed the pre-central line. The origins of the superior and inferior

frontal sulci may be indicated by the points of union of the upper and middle and
the middle and lower thirds of the line MA, the lower point being at the level

of the temporal crest.

The line ET, termed the oblique or lateral line, intersects the pre-central line

at the point A, which overlies the pterion, and corresponds therefore to the lateral

point of the lateral cerebral fissure and to the anterior division of the middle meningeal
artery. AC overlies the posterior horizontal limb of the lateral fissure of the brain,

which terminates at the level of the temporal crest, in the inferior part of the

triangle HCB. This triangle contains the parietal tuber, and may, therefore, be

termed the supjra-marginal triangle. The termination of the lateral line, at the

three-quarter sagittal point T, overlies the parieto-occipital fissure.

By joining TR, EO, a triangle is mapped out which delimits the surface of the

occipital lobe ; the line TE corresponds to the lambdoidal suture, while EO corresponds

to, or lies a Uttle above, the tentorium and the upper border of the transverse sinus.

CD, the post-central line, corresponds to the superior post-central sulcus, and lies

a little behind the inferior post-central sulcus.

The parallelogram AMDC overlies the Eolandic area, i.e. the anterior central

gyrus and the posterior central gyrus, separated by the central sulcus.

The pentagon ABEPN maps out the temporal lobe, with the exception of its

apex, which is directed downwards, forwards, and inwards, a finger's-breadth in

front of the point N.
A finger's-breadth below AB is the superior temporal sulcus, the posterior

extremity of which turns upwards to terminate at B, the point which indicates,

therefore, the position of the angular gyrus.

The central sulcus of Rolando may be mapped out upon the scalp by drawing a

line downwards and forwards for a distance of 3f in. from a point half an inch behind
the mid-sagittal point M at an angle of 67° to the sagittal line (Hare). This angle

may readily be found by Chiene's plan of folding a sheet of paper first to half a right

angle and again to a quarter of a right angle (45° + 22-5"' = 67*5°). According to

Cunningham, the average angle which the fissure makes with the sagittal line is 70°.

Kronlein's scheme for projecting the more important cerebral areas on the

surface of the cranium is as follows :—A base line, the same as that advocated by
Eeid, is drawn from the infra-orbital margin backwards through the upper border of

the external acoustic meatus to the occipital region, which it strikes a little below
the inion. Fig. 106<S. A second line is drawn backwards parallel to it from the supra-

orbital margin. Three vertical lines are now projected between these two parallels:

the anterior from the centre of the zygomatic arch (C), the middle from the pre-

auricular point (D), the posterior from the posterior border of the base of the

mastoid process (E). The latter is prolonged upwards to the sagittal line on the

cranial vault, and the direction of the central sulcus of Eolando is obtained by
drawing a line from this point obliquely downwards and forwards to the point

where the anterior vertical meets the superior horizontal line (Sylvian point). The
inferior extremity of the sulcus corresponds to the point where the middle vertical

line, prolonged upwards, meets the Eolandic line. The lateral fissure line is obtained

by bisecting the angle formed by the Eolandic line and the superior horizontal line.

The topographical distribution of function in the cerebral cortex is shown in

Fig. 1068, in which the areas worked out by Grtlnbaum and Sherrington in the

anthropoid apes have been transferred to the human brain. The above observers

have shown that, while the motor area occupies the whole length of the anterior

central convolution and of the central sulcus of Eolando (with the exception of its

very extremities), it nowhere extends on to the exposed surface of the posterior

central convolution ; nor does it extend as far down on the medial surface of the

hemisphere as the sulcus cinguli. Extirpation of the hand area, for example, is
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followed by severe paralysis of the hand, but the use and power of the hand is

regained in a few weeks ; ablations, on the other hand, of even large portions of

the posterior central gyrus do not give rise even to transient i)aralysis.

In some of the animals experimented on, tlie motor area was found to extend

to the deeper part of the posterior wall of the central sulcus of Rijlundo. Anteriorly

it extended into the pre-central sulci as well as into the occasional sulci which cross

the anterior central gyrus ; indeed the hidden part of the motor area fully equals in

Fig. 1067.

—

Cranio-Cerebral Topograi'HV.

Shows relations of the motor and sensory areas to the gyri, and to Chlene's lines.

Mid-poiut of AB.
is drawn parallel to AM.
Post-auricular point.

Guide to anterior limit of transverse sinus.

Tympanic antrum.

Site at which subarachnoid space may be opened.

Site for draining lateral ventricle (Kocher).

Site for draining lateral ventricle (Keen).

G. Glabella. C.

0. External occipital protuberance (iniou). CD
M. Mid-point between G and 0. Z.

T. Mid-point between M and 0. VW.
S. Mid-point between T and 0. Y.
E. Zygomatic process of frontal. X'.

P. Root of zygoma (pre-auriculai point). X-.

N. Mid-point of EP X».

R. Mid-point of PS ,

extent that contributing to the free surface of the hemisphere. The motor areas

extend a little in front of the superior and inferior pre-central sulci, which cannot
therefore be regarded as physiological boundaries.

Reference to Fig. 1068 shows that, of the main areas, that for the lower extremity

occupies the upper third of the motor region, that for the upper extremity the

middle third, while the face occupies the inferior third. The relative topography
of the chief subdivisions of these main areas is shown in Fig. 1069. It must be
remembered, however, that there exists much overlapping of the adjacent areas.

The body of the lateral ventricle, which is equal in length to the posterior

87
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horizontal ramus of the lateral cerebral fissure, occupies a level midway-

between it and the temporal liue. The anterior horn of the ventricle is

opposite the lower part of the coronal suture while the posterior horn is opposite

the posterior part of the temporal line. The inferior horn corresponds to the

second temporal gyrus.

The lateral ventricle may be tapped or drained from above, by traversing brain

tissue for a depth of 4 to 5 cm. through the superior frontal sulcus, 1| in. (two

fingers'-breadth) in front of the point X-, Fig. 1067, the instrument being directed

downwards and backwards (Kocher).j

Fig. 1068.

—

Scheme showing Relative Topography ok the Chief Subdivisions of the Motor Area
(adapted from Griinbaum and Sherrington). Guiding lines, red : sulci, blue.

Keen drains the ventricles through an opening 1^ in. behind the external

acoustic meatus and the same distance above Field's base-line (a line drawn back-

wards from the inferior margin of the orbit through the centre of the external

acoustic meatus, X^, Fig. 1067), the instrument being passed into the brain towards
the summit of the opposite auricle. If the ventricle is not distended it will be
reached at a depth of two inches from the surface.

To open the subarachnoid space, the pin of a small trephine is placed over the

mid-point of the line EA, Fig. 1067 ; the dura is incised as it crosses the stem of the

lateral fissure of the brain from the frontal lobe to the anterior extremity of the
temporal lobe. Care must be taken to keep in front of the middle meningeal artery.

The cisterna cerebello-medullaris, situated between the under surface of the
cerebellum and the medulla oblongata, may be reached by turning down a flap of soft

parts, and removing a circle of bone immediately above the foramen magnum. The
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fourth ventricle may be opened up by making a somewhat larger trephine opening

and separating the posterior extremities of the tonsillar lobes of the cerebellum.

To expose a hemisphere of the cerebellum, trephine over the centre of a line drawn
from the tip of the mastoid process to the external occipital protuberance.

To expose both iuMuispheri's of the cerebellum a flaj) is turned downwards by

carrying a curved incision between the bases of the uuistoid processes, the centre of

the incision reaching upwards to a little above the inion. The occipital arteries are

-Cranio-Cerebral Topography.

sutures, fine black ; meningeal arteries, red ; sulci, Ijlue.

C. Mid-point of AB.
CD is drawn parallel to AM.
Z. Post-auricular point.

VW. Guide to anterior limit of transverse sinus.

Y. Tympanic antrum.
X'. Site at which subarachnoid space maj' be opened.
X"^. Site for draining lateral ventricle (Kocher).
X'. Site for draining lateral ventricle (Keen).

Fig. 1069.-

Guiding lines (Chiene's), deep black

G. Glabella.

0. External occipital protuberance (inion).

M. Mid-point between G and O.

T. Mid-point between M and 0.

S. Mid-point between T and 0.

E. Zygomatic process of frontal.

P. Root of zygoma (pre-auricular point).

N. Mid- point of EP.

R. Mid- point of PS.

divided, but the anterior extremities of the incision should, if possible, be kept
behind the mastoid emissary veins. As the flap contains the suboccipital muscles
the bone itself may be removed. If more room is required, the opening in the
bone may reach above the level of the transverse sinuses without wounding them
as they can Ite displaced along with the dura. The occipital sinus is divided
between two ligatures. After dividing the dura a hemisphere of the cerebellum
may be displaced towards the median plane to enable the finger to be passed
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between it and the posterior surface of the petrous portion of the temporal bone as far

as the acoustic nerve, which occupies the angle between the cerebellum and the pons.

Meningeal Arteries.—When the calvaria is removed the meningeal arteries

are found to adhere firmly to the dura. Of these vessels the middle meningeal
artery is the only one of surgical importance. It is frequently lacerated in

fractures of the skull ; the blood is generally extravasated between the dura and
the bone, and the bleeding point lies beneath the clot. After entering the cranial

cavity through the foramen spinosum, the main trunk, which is usually about

11 in. in length, runs laterally and slightly forwards to bifurcate into anterior and
posterior divisions at a point a finger's-breadth above the middle of the zygomatic
arch, viz., at or close behind the point N, Fig. 1069. When the main trunk is

short the bifurcation takes place opposite the middle of the zygomatic arch.

The anterior and larger division passes upwards, with a slight forward con-

vexity, a little behind the spheno- squamosal suture and across the pterion to

the sphenoid angle of the parietal bone. From that point the vessel is continued

upwards and slightly backwards, behind the coronal suture ; it gives off branches

which ascend over the motor area. The position and general direction of the

anterior branch may be said to correspond to the line MN ; it follows, therefore,

that the- artery will be encountered in trephining over the lower and anterior part

of the Eolandic area, especially over the motor centres for the tongue and face.

The posterior division passes almost horizontally backwards, towards the

mastoid angle of the" parietal bone.

To expose the trunk of the vessel and its bifurcation, the trephine is applied

immediately above the middle of the zygomatic arch. To expose the anterior

division the pin of the trephine may be applied at the point A, which strikes the

artery as it crosses the pterion and grooves the sphenoidal angle of the parietal

bone. The inferior segment of the disc of bone removed is much thicker than the

superior, as it involves the prominent ridge which passes from the tip of the great

wing of the sphenoid on to the sphenoidal angle of the parietal bone. At the

sphenoidal angle of the parietal bone, the artery frequently runs in a canal for a

distance of half an inch. It follows, therefore, that a considerable thickness of

bone has to be sawn through at the inferior segment of the circle before the disc

can be removed, and during the removal bleeding may occur from the artery as

it lies in the canal.

Vogt localises the anterior division at a point a thumb's-breadth behind the

tubercle on the posterior border of the zygomatic bone and two fingers'-breadth above

the zygoma. Kronlein trephines at a point 1^ in. behind the zygomatic process of

the frontal, on a line drawn from the supra-orbital margin backwards parallel to

Keid's base-line. If the centre of the trephine be placed at the mid-point of the

lower third of the line MA, the anterior division will be reached above the canal and
the ridge at the sphenoidal angle of the parietal ; if the bleeding-point is lower

down, the trephine opening may be enlarged downwards along the line AN.
The course of the posterior division may be indicated upon the surface by draw-

ing a line backwards from the point N parallel to PE, that is to say, a finger's-

breadth above the zygoma and the supra-mastoid crest.

When the frontal branch, of the anterior division is injured, the clot is in the frontd-temporal

region, and involves more especially the motor area for the face, and, on the leftside, Broca's con-

volution ; when the anterior division is wounded, the clot, which is larger, involves the parieto-

temporal region, and the motor symptoms are due to pressure upon the centres for the arm and
face ; in injuries to the posterior division the clot overlies the parieto-occipital region, and the

localising symptoms are sensory (Kronlein). In more extensive meningeal haemorrhage the clot

may cover the greater part of tlie hemisphere.

The superior sagittal sinus, which enlarges as it extends backwards, occupies the

median plane of the vertex from the glabella to the internal occipital protuberance,

where it opens into the confluens sinuum, and becomes continuous usually with the

right transverse sinus. Opening into the sinus, especially in the posterior part of

the parietal region, are the para-sinoidal sinuses, into which arachnoideal granulations

project. In opening the skull over the posterior part of the vertex, the edge of the

trephine should be kept at least three-quarters of an inch from the median plane.
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The transverse sinus uiay be uuipped out on tlie surlace by drawing a line,

slightly convex upwards, through a point a little above the inion to the asteriou

(1^ in. behind and 1 in. above the centre ot" the external acoustic meatus) at, or

a little in front of, the point R, Fig. 1069, and thence in a downward and forward

direction to a point | in. inferior and posterior to tlie centre of the external acoustic

meatus, where it tinally curves medially and forwards to open into the jugular

bulb, which occupies the jugular foramen. According to Moorhead the highest

part of the sinus lies a tinger's-breadth above the middle of a line extending from

the inion to the middle of the external acoustic meatus. The anterior border of

the descending or mastoid portion of the sinus may be mapped out by drawing a

line VW from a point a tinger's-breadth behind the post-auricular point of the

temporal crest to the anterior border of the tip of the mastoid process. In

wounds of the sinus the luemorrhage is very free, owing to the inability of its

walls to collapse, l)ut the l»leeding is easily controlled l)y plugging.

Of the cerebral arteries, the middle supplies almost the whole of the motor area,

and one of its lenticulo-striate branches, which enters the l)rain at the anterior per-

forated substance, is called " the artery of cerebral ha;morrha(/e " from the Irequency

of its rupture in apoplexy. The extravasated blood involves the motor part of the

internal capsule. The postero-medial central branches of the posterior cerebral

artery, which enter the brain at the posterior perforated substance, supply the

thalamus and walls of the third ventricle ; haimorrhage from one of these branches is

apt to rupture into the ventricle. The postero-lateral central branches of the pos-

terior cerebral artery supply the thalamus, and when one of these vessels ruptures

the hirmorrhage is apt to invade the posterior or sensory part of the internal capsule.

Semilunar Ganglion.—The topography of the semilunar ganglion is of im-

portance in relation to its surgical extirpation for trigeminal neuralgia.

The ganglion is situated in the dura at the apex of the petrous portion of the

temporal bone, at the medial part of the middle fossa of the base of the skull.

The surgeon reaches it by an extra-dural route through an opening in the anterior

and lower part of the temporal fossa immediately above the zygomatic arch. The
bone is removed down to or, even better, beyond the level of the infra-temporal

crest, which forms the boundary line between the lateral and basal portions of the

cranium. By temporarily resecting and depressing the zygomatic arch a portion

of the floor of the middle fossa, medial to the infra- temporal crest, can be

removed. The dura is separated from the fossa so as to admit of the ligature of

the middle meningeal artery immediately after its entrance into the cranium
through the foramen spinosum. By separating the dura still further in a medial

and forward direction, the mandibular division of the trigeminal nerve is exposed

as it enters the foramen ovale, and, after it, the smaller maxillary division, as it

passes in a forward and slightly downward direction to enter the foramen rotundum.

To expose the ganglion itself and the trunk of the nerve the dura is then carefully

separated in a backward and medial direction ; in doing this care must be taken

not to wound the cavernous sinus and the trochlear and abducent nerves which
lie in its lateral wall. The oculo-motor nerve and the carotid artery are less

likely to be injured. The ganglion has a grayish-red colour and a felted surface,

while the portio major or trunk of the trigeminal nerve is almost white, and striated

longitudinally. After dividing the mandibular and maxillary divisions of the nerve

close to their foramina of exit, the ganglion is seized with forceps and removed by
twisting it away from its trunk and the first division.

Ear.—The skin covering the lateral surface of the auricle is tightly bound
down to the perichondrium, hence inflammations of it are attended with little

swelling but much pain. The posterior aiiricular artery, which ascends along the

groove at the posterior attachment of the auricle, is immediately anterior to the

incision for opening the tympanic antrum.

The external acoustic canal, the general direction of which is medially, for-

wards, and downwards, possesses various curves of practical importance. The
highest part of the upward convexity, which is also the narrowest part of the canal,

is situated at the centre of its osseous portion ; beyond this the floor sinks to form
a recess in which foreign bodies are liable to be imprisoned. Of the two horizontal

87 a
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curves the lateral is convex forwards, the medial concave forwards. The skin of

the osseous portion of the canal is thin and fused with the periosteum, hence

when chronically inflamed it is liable to give rise to secondary periostitis and

osseous narrowing of the canal.

The relations of the osseous walls of the canal are of importance to the surgeon.

The whole of the upper wall and the upper half of the posterior wall, developed

from the squamous portion of the temporal bone, consist of two layers of

Roof of tympanic antrum

Posterior part of middle fossa of skull

Posterior branch of middle meningeal artery

Anterior branch of middle meningeal artery

Portion of cerebellar fossa

forming posterior wall of-

tympanic antrum

Interior of transverse sinus

Anterior limit of transverse sinus ^„- ,^,,, , ^ > .„.
Spheno-temporal sinus

Tympanic antrum / /
^ \ V Trunk of middle meningeal artery

Incus / \
Tegmen tynipani

Membrana tynipani
|

Chorda tympani nerve
Head of malleus

Fig. 1070.

—

View of the Lateral Wall of the Middle Ear.

Section through the left temporal bone of a child, to show the relations of the tynipannm and tympanic antrum

to the middle and posterior fossae of the skull.

compact bone, a superior and an inferior, which are continuous, the former with the

inner tal»le, the latter with the outer table of the skull. The superior plate passes

medially to the petro-squamosal suture, where it becomes continuous with the lateral

edge of the tegmen tympani, which roofs over the epitympanic recess and the

tympanic antrum ; the lower plate bends downwards and medially at its deepest part

to form the lower and lateral wall of the recess and the anterior part of the lateral

wall of the antrum (Trautmann). It follows, therefore, that when the tympanic

antrum is abnormally small, due to sclerosis of the bone, or when it is encroached

upon by a far-forward transverse sinus, it, along with the epitympanic recess, can

be opened by perforating the junction of the upper and posterior walls of the osseous

canal, the instrument being directed medially and slightly upwards. Upon
the upper and posterior segment of the external acoustic margin is the supra-

meatal spine ; this small but important process, developed from the squamous portion,

can usually be distinctly

made out in the living sub-

ject by pressing upwards
and backwards with the

forefinger placed in the

external acoustic meatus.

The lower half of the

posterior waU of the osseous

canal (posterior part of the

tympanic plate) is fused

with the anterior part of

the mastoid process, and
closes the lower and anterior

set of mastoid cells (border

cells).

Anteriorly and inferiorly the osseous canal is related respectively to the

mandibular articulation and the parotid gland ; hence it follows that blows upon the

Membiana flaccida

Anterior tytnpano-
malleolar fold

Handle of malleus

Antero-superior
quadrant

Antero-lnferior
quadrant

Posterior tynipano-
malleolar fold

Lateral process of

malleus
Long cms of

incus

Postero-superior
quadrant

Postero-inferior
quadrant

Cone of light

Fio. 1071. -Left Tympanic Membrane (as viewed from the external

acou.stic meatus), x 3. (From Howden.)
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chin may fracture Ihe tympanic plate as well as the base of the skull, that paiii ou

mastication is usually complained of in acute inflammatory alfections of the meatus

and middle ear, and that in young children, in whom the tym])anic plate is incom-

pletely ossified, suppurative inllammation is liable to extend from the ear to the

parotid region.

(.'linically, to obtain a view of tlio membrana tympani a spccidum and a reffceting

mirror arc employed; the auricle is pulled upwaids, biickwards, and laterally in order to

Mitldlo fossa of skull

Tensor tyi^ipani muscle

I'rocessus coclilearifoniiis

Einiiieiice of lateral

semicircular canal
Tympanic antrum

Auditory tube

Retro-pharyngeal lymph glan.l

Internal carotid artery
Hiternal jugular vein

Tranvorso sinus

Posterior fossa of skull

Rudimentary mastoid profess

Facial nerve

yram id

Section of jugular fossa
Stapes

Promontory

Fig. 1072.

—

View ok the Labyuinthink Wall of the Middle Eau.

Section through the left temporal bone of a child, to show the relations of the tympanum and tynip.uiir antrum
to the middle and posterior fossae of the skull.

straighten the cartilaginous part of the canal. The healthy membrane is pearly gray, semi-

opaque, slightly concave, and obliquely placed, being inclined laterally, especially above

and behind.

The handle and lateral process of the malleus, both embedded in the membrana tympani,

are the only objects distinctly seen when the healthy ear is examined with the speculum.

Groove for posterior branch of middle meningeal artery
Aditus ad antrum

Tympanic anlru

Transverse sinii-- - -:?

Middle cranial fossa

/' Tegmen tympani

^ Epitynipanic recess

'' ^ ^-Chorda tympani nerve

Sfc-^-''"^ Tensor tympani muscle

- Handle of malleus
irotid canal

-.Tympanic membrane

Ju>:ular fossa

L-Slyloid process

Mastoid process
[

Stylo-mastoid foramen

Fi<;. 1073.

—

Sectio.n THiu>DCiH Lekt Tempdkal Bone, showim; TvwrANic Wai.i. ok Tymiamc Cavity, etc.

The lateral process of the malleus projects laterally, and presents itself, therefore, as a

distinct knobdike projection at the superior part of the nieinbrane ; passing forwards and

backwards from this process are the anterior and posterior malleolar folds of the membrana

;

they form the lower limit of the pars flaccida of the membrane, and correspond to the line

of the choixla tympani nerve. The handle of the malleus, situated at the junction of the

two upper quadrants, is seen passing downwards and backwards to the point of maximum
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concavity of the membrane (umbo), situated a little below its centre (Fig. 1071); passing
downwards and forwards from the umbo is the triangular cone of reflected light, to which
too much importance must not be attached, since its appearances vary considerably in

healthy ears. Normally, the long crus of the incus is but faintly visible, and still less

so are the promontory and fenestra cochleae; in the condition of obstruction of the
auditory tube (Eustachian), however, in which the membrane is indrawn, these structures,

along with the folds of the drum-head, become more distinct.

In performing the operation of 2^(i'>'(ic^ntesis of the tympanic membrane the postero
inferior quadrant is the site chosen for making the puncture, as, in addition to providing
good drainage, it is farthest removed from important structures, especially the chorda
tympani nerve.

In order to understand the clinical importance of the parts seen through the trans-

lucent membrane, it is necessary to study the relative position of the structure of the
^^ mesotympanum," that is to say, that part of the tympanum which lies opposite the
tympanic membrane. If the tympanic plate and the tympanic membrane be carefully

removed so as to leave the ossicles and chorda tympani nerve in position, it will be seen
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Sectiox theough Petrous Portion of Temporal Bone of Adult.

Showing the relation of the tympanum to the middle and posterior fossae of the skull.

that the head of the malleus and the body and short crus of the incus are altogether

above the tympanic membrane, and that they occupy the tympanic attic or epitympanic

recess (Fig. 1074). At the junction of the two upper quadrants of the membrane is the handle

of the malleus, which is directed downwards, backwards, and medially. The lateral process

of the malleus is directed laterally a little below the deepest part of the roof of the

osseous external acoustic canal. Opposite the postero-superior quadrant are the long

crus of the incus, which descends behind and almost parallel to the handle of the

malleus, and the stapes, which is directed medially and slightly backwards to the fenestra

vestibuli. The chorda tympani nerve runs from behind forwards between the lateral surface

of the superior part of the long crus of the incus and the medial surface of the neck of

the malleus. At the deepest part of the roof of the osseous canal, above the chorda

tyrnpani nerve and the lateral process of the malleus, is a notch {notch of Hivinus), which

is occupied by the flaccid and highest portion of the membrana tympani {ShrapneWs

membrane). Opposite the postero-inferior quadrant of the drum-head is the promontory

caused by the first part of the cochlea, below and behind which is the fenestra cochleae.

Opposite the antero-superior quadrant are the processus cochleariformis, the tendon of the

tensor tympani, and the passage leading towards the auditory tube.

The I'lhyrinthine ivall of the tympanic cavity is related to the internal ear. The
tegmental v;nll is separated from the middle fossa of the skull and the under surface of the

temporal lobe of the brain by the tegmen tsnnpani—a thin plate of bone, which is continued
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anteriorly to form the roof of the osseous portion of the auditory tube, while posteriorly

it roofs over the tympanic antrum. Laterally the tegmen is limited by the petro-

squamous suture, which may remain unossified for some years after birth, thus
attbrding a channel along which pyogenic infection may spread from the middle ear to the
meninges and brain. Infection may also spread along the small veins which convey blood
from the tympanum to the superior jictrosal and transverse sinuses.

'Y\\ti jwiular wd/l of the tympanum is formed maiidy by the bone forming the jugular
fossa, which is occupied by the bulb of the internal jugular vein. When the transverse sinus

is large and unusually far forward the bulb is likewise large, and the fossa, which is con-

sequently deeper, may arch up into the jugular wall of the tympanic cavity, from which it

may be separated merely by a thin and translucent plate of bone which occasion:dly shows
an osseous deficiency. In cases where this condition existed the jugular l)ulb has been
wounded in the operation of paracentesis of the tympanic membrane.

Anteriorly the tympanic cavity leads into the auditory tube, which brings it into

communication with the nasal part of the pharynx. In the child the auditory tube is

shorter, wider, and more horizontal than in the adult, hence inflammations are more
liable to spread along it to the tympanum.

Above the level of the membrana tympani is the epitympanic recess, which comnmni-
cates posteriorly by means of a triangular opening {aditua (id antruiu) with the tympanic
antrum ; the base of the triangle, directed upwards, is formed by the tegmen tymi)ani

;

its apex, directed downwards, is formed by the meeting of the medial and lateral walls.

The opening will admit an instrument half a cm. in diameter. The epitympanic recess

contains from before backwards the head of the malleus, the body and short crus of

the incus, the latter projecting backwards into the aditus. When these structures

are covered with inflamed mucous membrane or granulations, drainage from the
tympanic antrum into the tympanum proper is interfered with. The boundaries of the

aditus, important surgically, are as follows : superiorly, the tegmen tympani ; medially, an
eminence of compact bone, containing the lateral semicircular canal, inferior and anterior to

which is a second smaller prominence, corresponding to that portion of the facial canal

which curves immediately above and behind the fenestra vestibuli. The wall of the facial

canal is here thin and not infrequently deficient, in which case inflammation may readily

spread from the tympanum to the facial nerve. The lateral Avail of the aditus is formed by
the deepest part of the upper and lateral wall of the osseous external acoustic meatus.

The posterior vail of the tympanum, below the aditus ad antrum, is formed by diploic

bone which contains the descending portion of the facial canal.

The t3nnpanic antrum is to be considered, developmentally as well as anatomically,
as an extension upwards and posteriorly of the tympanum (Fig. 1073). Its ana-
tomy and relations will be best understood by studying it in the child, in whom it

is relatively larger than in the adult. Situated above and posterior to tlie tympanic
cavity proper, its lateral wall is formed by a triangular plate of bone which descends,
behind the external acoustic process, from the squamous portion. Posteriorly,

this triangular plate is separated from the petro-mastoid element by the squamo-
mastoid suture, which overlies tlie posterior part of the antrum and transmits
small veins to the surface. The suture does not become completely ossified until
a year or two after birth, and remains of it may frequently be detected in the
adult bone. The anterior and superior portion of the triangular plate turns medially
at an angle to form the upper and posterior wall of the rudimentary osseous canal,
as well as the floor of the epitympanic recess.

In the adult the lateral wall of the tympanic antrum is formed by a plate of bone,
from I to f in. in tiiickness, which occupies the triangular and somewhat depressed
area between the ridge extending, posteriorly and slightly upwards, from the
posterior root of the zygoma (supra -mastoid portion of temporal crest), and
the superior and posterior quadrant of the osseous external acoustic meatus ; upon
the latter is the supra-meatal spine, immediately posterior to which, upon the floor

of the above triangle, is a crescentic depression, the fossa mastoidea. The lateral

wall of the antrum is felt through the skin as a sliglit depression immediately
behind the auricle, and immediately inferior to the ridge formed by the supra-mastoid
crest ; below the depression is tlie prominence corresponding to the insertion of
the sterno-mastoid muscle. Trautmann has pointed out, however, that the supra-
mastoid crest, which varies considerably in its obliquity, is sometimes situated a
little above the level of the roof of the antrum, and that it is safer, therefore, to
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take the level of the superior border of the osseous meatus as the guide in order to

avoid opening the middle fossa of the skull. In children the supra-mastoid crest

is not developed, so that if the operator mistake the posterior root of the zygoma
for the crest, he will open into the middle fossa of the skull immediately in front

of the epitympanic recess. The upper and posterior quadrant of the osseous meatus
is therefore the only reliable guide to the antrum in the child.

The medial ivall is formed by a thick plate of spongy bone which separates the

antrum from that portion of the posterior fossa lying between the aqueduct of

the vestibule and the groove for the sigmoid portion of the transverse sinus, and
which contains the posterior semicircular canal.

Tlie roof, which slopes downwards and forwards, is formed by the posterior and
thinnest part of the tegmen tympani.

The floor is on a lower level than the aditus, and is therefore unfavourably
placed for natural drainage.

The mastoid process begins to develop in the second year. As development
advances the diploe surrounding the antrum in the child becomes excavated to

Fk;. 1075.

—

Frontal Sinuses of Average
D1.UEXSIONS, WITH A Median Septum (Logan
Turner).

Fig. 1076. — A Large Right Frontal
Sinus with Septum oblique to the
Left (Logan Turner).

form the mastoid cells, which radiate from the antrum, and either directly or

indirectly communicate with it by small openings. In the pneumatic type of

mastoid the whole of the process is excavated by these cells, which extend
upwards into the squamous portion, forwards to the posterior wall of the osseous

meatus (border-cells), and backwards into the occipital bone. Pus retained within
the "horder-cells" may bulge into, and rupture through, the posterior wall of the

osseous meatus. Less frequently the mastoid cells are absent, the bone consisting

either of osseous tissue similar to that of the diploe, or of dense bone (sclerosed type).

The mastoid portion of tlie temporal bone is grooved, upon its medial surface,

by the sigmoid portion of the transverse sinus. The average distance of the fore-

most part of the sinus from the supra-meatal spine is 1 cm. The right sinus

usually receives the superior sagittal sinus, and when this is the case it is larger

and farther forward than the left ; in extreme cases it may reach to within 2 or

3 mm. of the meatus. The average minimum distance of the transverse sinus

from the outer surface of the mastoid is about 1 cm., but when the sinus is large

and far forward tlie thickness may be reduced to 1 or 2 mm.
The facial nerve, after entering lilie facial canal at the bottom of the internal

acoustic meatus, lies immediately above and behind the fenestra vestibuli, between
it and the prominence of the lateral semicircular canal ; thence it descends almost
vertically in the mastoid wall of the tympanum i in. posterior and medial to the
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Fig. 1077. — Hicht Fkostal Sinus of
VERY LARdK DlMKNSIONS ; I.KKT SiNUS
UNoi-KNED (Logan Turner).

inferior half of the deepest part of the posterior wall of the external osseous canal
and emerges through the stylo-mastoid foramen (Fig. 107.)).

In the infant, in cou.se(iuence of the absence of the mastoid process, the exit of

the facial nerve from the stylo-mastoid foramen i.s unprotected and exposed upon
the lateral rather than upon the basal surface of

the skull, at a point immediately behind the

posterior segment of the tympanic horse-shoe.

It follows, therefore, that, in infancy, the incision

to expose tiie antrum should not be curved too

far downwards and forwards, otherwise the facial

nerve may be divided. In the infant the position

of the tympanic antrum is relatively higher than
in the adult, because in the former the upper
wall of tiie osseous canal inclines towards the

vertical plane instead of being horizontal.

The lymph vessels from the auricle and ex-

ternal meatus open into the posterior and anterior

auricular lymph glands, the latter receiving also

the lymph from the middle ear. The efferent

vessels from those glands open into the superior

sub-sternomastoid glands ; hence it is that those

groups of glands are so frequently found to be

diseased secondary to tuberculosis of the middle
ear ; and care must be taken not to mistake an
abscess in one of the mastoid glands for sub-

periosteal mastoid suppuration associated with
middle-ear disease.

To open the tympanic antrum the surgeon makes a curved incision a little behind the

attachment of the auricle, and chisels or drills away the bone immediately above and
behind the postero-superior tjuadrant of the external osseous meatus. In this operation

the middle fossa of the sl-u/l is avoided by keeping below the supra-mastoid crest ; the

transverse sinus, by keeping close to the external acoustic canal and by chiselling obliquely

to the surface in opening the mastoid cells ; the descending portion of the facial nerve is

avoided by not encroaching upon the inferior half of the deepest part of the posterior wall

of the osseous canal. In extending the operation from the tympanic antrum throtigh the

aditus into the epitympanic recess, the lateral semicircular canal and the ciu've of the

facial nerve, which lie in relation to the medial wall of the aditus, are liable to injury,

and must be protected either by a curved probe, or, better, by a Stacke's protector, passed
from the antrum through the aditus into the tympanic cavity.

The frontal air sinuses are two cavities situated immediately above the root of

the nose between the two tables of the frontal bone. Each sinus at its most
dependent part communicates, by means of the naso-frontal duct, either directly

with the middle meatus of the nose, or indirectly with that channel through its

infundibulum. A bony septum, rarely incomplete, separates the two sinuses ; it

is usually median in position below, but it may deviate to one or other side above
(Figs. 1075 and 1076).

The sinuses vary considerably in their size and shape, independently of the
degree of development of the glabella and superciliary arches (Fig. 1077). According
to Logan Turner, the dimensions of an average-sized sinus are: height, 1\ in., from
the lower end of the fronto-maxillary suture vertically upwards ; breadth, 1 in.,

from the median septum horizontally laterally ; depth, I in., from the anterior wall

backwards along the orbital roof. The sinus may exist merely as recesses limited

to a small area of bone above the nose, or it may extend upwards on to the fore-

head for more than two inches ; laterally it may be limited by the bony wall of

the temporal fossa, while posteriorly it may reach as far back as the optic foramen.
The anterior wall is thickest, but the thickness may vary from 1 to 5 nmi.

The floor is the thinnest wall, hence when pus is retained within the cavity,

it tends to point at the superior and medial angle of the orbit. Intra-cranial sup-

puration may arise in connexion with sinus disease by extension through the roof
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or the posterior wall. The muco-periosteal lining, which readily strips from the

bone, is thin and pale, and provided with mucus-secreting glands.

In many individuals, by the aid of trans-illumination, the extent of the sinuses and the

position of the intervening septum may be mapped out upon the forehead. For this
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Right frontal sinus Floor of anterior fossa of skull

Anterior part of roof of orbit

Anterior extremity of middle
concha

Cartilage of nasal septum

Anterior extremity of inferior

concha'
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Fig. 1078.

—

Vertical Frontal Section through the Nose and Frontal Sinuses.

purpose a small electric lamp is placed against the floor of the sinus, beneath the medial
third of the supra-orbital margin.

The skiagraphic appearances of the frontal sinuses are of importance clinically and
give more information than trans- illumination. Antero- posterior skiagrams show the
vertical extent of the sinus, the degree of asymmetry, and the presence or absence of

recesses, with their intervening septum. An orbital expansion is indicated by a well-

defined shadow with a sharply-defined upper margin, extending latei-ally parallel to and
immediately above the medial half or more of the supra-orbital margin. A profile

skiagram shows not only the height of the sinuses but also their antero-posterior diameter,
as well as the degree to which they extend backwards between the roof of the orbit and the
floor of the anterior fossa of the skull. While it is exceptional to meet with frontal sinuses
before the age of five years, they are almost invariably present by the seventh or eighth year.

In exploring the sinus, the opening in the bone should be made close to the median
plane, immediately above the root of the nose. In marked cases of deviation of the
septum one sinus may extend so far across the median plane of the forehead as to reduce
the other to a mere slit ; in such cases the surgeon may fail to open the diseased sinus
when the operation is performed through the anterior wall. The sinus frequently contains
incomplete partitions, which give rise to the formation of pockets and recesses usually
found towards the lateral angle of the sinus ; when dealing with chronic suppuration of

the sinuses, special attention should be paid to these recesses as well as to the backward
extension of the cavity along the orbital roof. Tlie anterior ethmoidal cells are closely

related to the thin medial or nasal portion of the floor of the sinus and its duct of exit

;

hence suppuration very frequently co-exists in both cavities. In some cases pus flows
directly from the frontal sinus and infundibulum along the hiatus semilunai'is into the
maxillary sinus, which opens into the back part of the hiatus. Killian's operation for
the cure of chronic suppuration in the sinus consists in the removal of its anterior and
inferior walls, the supra-orbital margin being left to prevent the falling in of the eyebrow.
By removing the frontal process of the maxilla good access may at the same time be
obtained to the etlimoidal cells and free drainage established between .the frontal sinus
and the nasal cavity. (Skiagraphs of Frontal Sinuses, see Plates 1. and I \.)
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In an antero-posterior skiagram of the skull, the light shadows formed by the

ethmoidal cells are seen to occupy the well-defined area bounded on either side by
the still lighter shadow of tlie orbital cavities and above by the dense horizontal

shadow of the cribriform plate, which occupies the frontier line between these

sinuses and the frontal sinuses. Anteriorly the ethmoidal area is overlapped

by the vertical shadow caused by the frontal processes of the maxilhe and by
the ridges of the lacrimals. Not infrequently the ethmoidal cells will be seen to

extend into the roof of the orbit, while inferiorly and laterally they come into close

relation to the superior and medial angle of the shadow formed by the maxillary

sinus. The comparative transparency of the area of the ethmoidal cells is

accounted for by the fact that it is superimposed upon that of the sphenoidal

sinuses.

In a profile skiagram the ethmoidal area is seen to extend from the frontal

process of the maxilla backwards across the orbits to the sphenoidal sinuses, with

which they are contiguous. This area is crossed about its middle by the vertical

shadow caused by the lateral margin of the orbit. In front of this, and occupying,

therefore, the light area of the orbital cavity, are the anterior echmoidal cells ; while

behind it are the posterior ethmoidal cells. In a profile view of the skull, the

posterior ethmoidal cells, the sphenoidal sinuses, and the hypophyseal fossa all lie

from before backwards in the axis of those rays which pass through the thinnest

portion of the cranial box, namely, the anterior part of the temporal fossa ; hence

the possibility of being able to identify them even in a skiagram taken from a

living subject,
i

The sphenoidal sinuses are so deeply placed behind the upper half of the

piriform aperture of the nose that their outlines cannot be identified in an
antero-posterior skiagram. If the sinuses be filled with bismuth before the

skiagram is taken, it will be seen that they produce a well-defined and sUghtly
oval black shadow, about the size of a shilling, situated opposite the superior half

of the piriform aperture, the superior limit of the shadow reaching just up to the

transverse curvilinear line already referred to, while laterally the shadow reaches

^ cm. medial to the inferior half of the medial margin of the orbit (Logan Turner).

In a profile skiagram of the skull the light shadow produced by the sphenoidal

sinus is seen immediately inferior to and in front of the characteristic well-defined

cup-shaped shadow formed by the concave floor of the hypophyseal fossa. Inferiorly

the sinus area is bounded and to some extent overlapped and obliterated by the

dense shadow which corresponds from latero-medially to the tuberculum articulare

and the horizontal portion of the great wing of the sphenoid, that is to say, to the

floor of the middle fossa of the base of the skull. This dark shadow is continuous,

posteriorly, with that which is caused by the dense petrous portion of the temporal

bone. Anteriorly is the shadow of the posterior ethmoidal cells (blurred by that

produced by the vertical portion of the great wing of the sphenoid), while

posteriorly it is limited by the shadow produced by that portion of the body of the

sphenoid which lies inferior to the dorsum sellse.

Hypophysis Cerebri.

The topography of the sella turcica, which lodges the hypophysis cerebri,

is of importance now that surgery has succeeded in dealing with certain

tumours and enlargements of this organ. The fossa hypophyseos lies im-
mediately behind the superior part of the sphenoidal sinuses, and, in a median
sagittal section of the skull, the anterior half of the fossa is seen to project into

what would correspond to the supero-posterior angle of the sinuses. The more
the sphenoidal sinuses project backwards, beneath the sella turcica, the thinner

is the plate of bone which separates the sinus from that part of the posterior

fossa of the base of the skull which supports the pons. When, on the other

hand, the sphenoidal sinuses are small and do not extend backwards below the

sella turcica, the latter may be difficult to identify. In order to reach the

hj'pophysis surgeons have abandoned the intra-cranial route, partly on account of

the damage produced in the brain, and partly because, when the hypophysis
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enlarges, it frequently does so bj projecting downwards towards the sphenoidal

sinuses rather than upwards into the cranial cavity.

The sphenoidal sinuses constitute the surgeon's guide to the hypophysis.

To reach them he traverses the upper portions of both nasal cavities, removing,
from before backwards, the upper portion of the septum nasi, the superior and
middle conchte, and the anterior and posterior ethmoidal cells. The rostrum
sphenoidale, situated at the superior and most posterior part of the nasal septum,
serves as a guide to the anterior wall of the sphenoidal sinuses ; after removing it

the sinuses are opened up by removing their anterior walls and the septum.
The hypophysis is then exposed by breaking down the anterior portion of the

floor of the sella turcica, which forms a bullous-like projection into the superior and
posterior part of the sinuses. In making the opening from the sphenoidal sinuses

into the hypophyseal fossa, the surgeon must keep strictly to the median plane, so

as to avoid opening into the cavernous sinus; if the roof of the sinus be

penetrated in front of the fossa the optic chiasma would be injured and the cranial

cavity opened, while if the posterior wall of the sinus be penetrated below the

level of the fossa hypophyseos the spongy tissue of the body of the sphenoid

would be opened into, and if the sinus happened to extend unusually far back,

the anterior part of the posterior fossa of the base of the skull would be opened
into opposite the basilar artery and the ventral surface of the pons.

According to Stanley Gibson, the average distance from the nasion to the

anterior superior margin of the sphenoidal sinus is If inches, while the distance

from the anterior superior boundary of the sinus to the anterior superior margin
of the sella turcica is a little more than h inch, so that the total distance from the

nasion to the hypophysis is from 2^ to 2^ inches. The average distance from the

anterior nasal spine to the hypophysis is 7'8 cm. (practically 3 in.). The floor

of the hypophyseal fossa is on a level with a plane projected backwards from
the nasion to the inion. The fossa measures h inch in its antero- posterior

diameter.

In a profile skiagram of the skull, the outline of the cup-shaped sella turcica

is marked out by a crescentic linear shadow, the anterior and posterior horns

of the crescent being represented by the shadows of the anterior and posterior

clinoid processes. Below and in front of the fossa the outlines of the sphenoidal

sinuses may be distinctly traced. (Plate I.)

Enlargements of the hypophysis cerebri can often be clearly demonstrated by
an increase in the depth and antero-posterior diameter of the skiagraphic outline

of the sella turcica, and by the unusual extent to which the fossa encroaches upon
the sphenoidal sinus.

THE FACE.

The skin of the face is thin, vascular, and rich in sebaceous and sweat glands

;

it is intimately connected with the subcutaneous tissue, in which are imbedded the

facial muscles as well as the main blood-vessels. Owing to its elasticity and to

the presence of the main blood-vessels in the lax subcutaneous tissue, the face is an
admirable site for plastic operations, as the flaps do not necrose in spite of consider-

able tension. The laxity of the tissues accounts for the marked swelling which
attends oedematous and inflammatory conditions about the face. Whenever pos-

siVjle, incisions should be made along the line of the natural furrows and creases of

the skin, so as to render the resulting cicatrix less noticeable.

The bony landmarks of the face which may be readily palpated are : the

superciliary ridges and the glabella, the nasion (fronto-nasal junction), the bridge of

the nose, the osseous piriform opening and the anterior nasal spine, the supra- and infra-

orbital margins, the zygomatic process of the frontal bone, the medial angular process,

the anterior part of the temporal crest, the zygomatic bone, the zygomatic arch, and
the region of the canine fossa of the maxilla.

Immediately inferior to the root of the zygoma, and in front of the superior

part of the tragus, is the condyle of the mandible. By pressing with the point of the
finger upon the condyle while the mouth is being widely opened, the bone will be
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felt to (,'lide forwards, while the finger sinks deeply into the hollow corresponding

to th(^ mandibular fossa. The clone relation of tiic; first part ol' the internal maxillary

artery to the medial aspect of the neck of the mandible must be kept in mind in

operations calling for disarticulation or excision of the condyle. The ramus of the

mandible is sandwiched between the masseter and the pterygoid muscles, and
can bii removed without opening into the mouth. Passing downwards from the

condyle, one can ]ialpat(' tiie anterior and posterior Ixjrders (»f th<- ramus and the

angle and body of the mandible. The anterior border of the coronoid process is felt

in front of the upper part of the anterior border of the masseter, immediately below

the anterior part of the zygomatic arch.

The pulsation of the external maxillary artery may be felt as the vessel crosses

the inferior margin of the mandible at the anterior border of the masseter, 1| in. in

front of the angle of the mandible. To map out the course of the artery upon the

face, draw a line from this point to a point | in. lateral to the angle of the mouth,

and thtuice to a point a little behind the ala nasi and along the side of the nose to

the medial angle of the orbit. The anterior facial vein lies posterior to the external

maxillary artery, and takes a straighter course from the medial palpebral commissure

to the anterior inferior angle of the masseter. The vessel is devoid of valves, hence

infective phlebitis and thrombosis are liable to spread along it to the cavernous

sinus by way of the ophthalmic and pterygoid veins.

A line projected downwards from the supra-orbital notch (junction of medial

and intermediate thirds of the supra-orbital margin) to the inferior border of the

mandible opposite the interval between the two lower prinnolar teeth, will cross

the infra-orbital and mental foramina, the former ^ in. below the infra-orbital

margin, the latter midway lietween the superior and inferior borders of the

mandible. lu performing the operation of neurectomy for tlie relief of trigeminal

neuralgia, these foramina furnish the guides to the correspondingly-named branches

of the fifth nerve. It should be remembered that the nerves in question, after

emerging from their respective foramina, lie, in the first instance, beneath the

facial muscles. The supra-orbital and infra-orbital nerves are not^ infrequently

represented each by two branches, one of which passes through an accessory

foramen situated lateral to the normal opening. Neurectomy of the inferior

alveolar nerve is performed by trephining the ramus of the mandible midway
between its anterior and posterior borders, on a level with the crown of the

last molar tooth, the nerve being reached as it enters the inferior alveolar canal

:

the lingual nerve, which lies a little anterior to the inferior alveolar, can be

exposed through the same opening.

The relations of the maxillary and mandibular divisions of the trigeminal nerve

have become of increased importance to the surgeon since the introduction of the

treatment of trifacial neuralgia by the injection of alcohol into these nerves

immediately after their exit from the cranial cavity. According to Symington,
in order to reach the maxillary nerve as it lies in the pterygo-palatine fossa,

the skin should be punctured immediately below the zygomatic arch, about 4 cm.
in front of the anterior wall of the external acoustic meatus. The needle should

be directed medially with a slight inclination upwards and backwards. After

perforating the masseter and temporal muscles, the instrument enters the fatty

tissue of the infra-temporal fossa, embedded in which is the internal maxillary

artery and some veins. By passing the needle still more deeply, it is made to

penetrate between the two heads of the external pterygoid muscle through the

pterygo-maxillary fissure into the pterygo-palatine fossa. If the instrument be

passed too far forwards it will strike the maxillary tuberosity ; if too far back-

wards, the lateral pterygoid lamina. The cedema of the eyelids which not in-

frequently follows the operation is due to some of the fiuid passing upwards into

the orbit through the inferior orbital fissure. The distance from the skin to the

nerve, as it lies in the pterygo-palatine fossa, is practically 2 in. Should the

needle, after perforating the masseter, strike the coronoid process of the mandible,

the latter may be depressed by opening the mouth.

The mandibular nerve is injected immediately beyond its exit from the

foramen ovale, which lies 4 cm. from the skin in the same vertical frontal plane
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as the tuberculum articulare. When the mouth is opened widely the condyle of

the mandible travels forwards and can be distinctly felt immediately below

the tubercle. To avoid entering the mandibular joint the needle is intro-

duced through the skin immediately below the zygoma, a little in front of the

eminence. It is pushed medially and slightly backwards through the sigmoid

notch of the mandible, and thence through, or immediately above, the external

pterygoid muscle, into the nerve. Symington points out that "the chief dangers

connected with this operation are dependent upon the needle being passed in too

far. Thus, if it be directed straight inwards beyond the depth of the nerve (4 cm.)

it would penetrate the tensor veli palatini and the auditory tube and open on the

lateral wall of the naso-pharynx ; or, if directed somewhat upwards, it might pass

through the foramen ovale, and even reach the cavernous sinus and the internal

carotid artery, as the medial boundary of the foramen slopes upwards and inwards."

The facial nerve, after emerging from the stylo-mastoid foramen, is embedded
in the parotid gland, where it is superficial to the 'external carotid artery; the

nerve can be rolled under the finger as it crosses the posterior border of the

ramus of the jaw at the level of the lower margin of the tragus ; incisions con-

tinued along the ramus above this point should be only skin deep if the nerve is

to be avoided. To expose the trunk of the nerve an incision is made from the

anterior border of the mastoid process to the angle of the mandible. Incisions

upon the cheek should, whenever possible, be planned so as to run parallel with the

branches of the "nerve ; these radiate from the inferior end of the tragus. The
nerve may be paralysed by wounds of the cheek and by malignant tumours of the

parotid, as also by intra-cranial and middle-ear lesions.

The parotid gland is surrounded by a fascial envelope, the strongest portion of

which is continued from the deep cervical fascia over its superficial aspect to

become attached to the zygoma (Fig. 1085) ; hence abscesses in the parotid tend

to burrow deeply towards the pterygo-palatine fossa and the superior part of the

pharynx (Fig. 1085) ; the pus should therefore be evacuated by Hilton's method,

through an early incision over the angle of the mandible. A study of the relations

of the gland explains the surgical difiiculties which attend its complete removal.

The parotid duct can be rolled beneath the finger as it crosses the masseter,

rather less than a finger's breadth below the zygoma. After winding round the

anterior border of the muscle it soon pierces the buccinator, and opens into the

mouth opposite to the second molar tooth of the maxilla. The duct corresponds

to the intermediate third of a line drawn from the inferior margin of the concha

to a point midway between the ala nasi and the margin of the upper lip.

Superficial to the parotid and a little in front of the tragus is the pre-auricular

lymph gland, which is frequently found to be inflamed in children suffering from

eczematous conditions of the eyelids, face, scalp, and external ear. In opening

an abscess connected with this gland care must be taken to make the incision as

low down as possible, so as to avoid the parotid duct.

The deep parotid lymph glands which lie partly in the substance of, and partly

deep to, the inferior part of the parotid, form the highest group of the medial superior

deep cervical lymph glands. They are especially liable to become infected secondary

to tuberculous disease of the middle ear and to malignant affections about the root

of the tongue, the fauces, and the naso-pharynx. In removing them it is generally

impossible to avoid dividing the cervical branch of the facial nerve, which pierces

the cervical fascia immediately below and behind the angle of the mandible.

This nerve supplies the platysma and the depressor labii inferioris muscles, so

that its division gives rise to inability to depress the lower lip on the affected side.

At the same operation some trouble may be caused by bleeding from the posterior

facial vein and its divisions, which traverse the substance of the gland.

Eyelids.—The skin of the eyelids, more especially of the upper, is very thin and
connected with the orbicularis oculi muscle by delicate and lax subcutaneous tissue

destitute of fat ; hence the marked swelling which occurs in a " black eye " and in

oedema of the lids. Along the anterior edge of the free margins of the lids are the

eyelashes and the orifices of the sebaceous glands, suppurative inflammation of

which gives rise to a " stye " ; along the sharp posterior edge of the free margins
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are the minute orifices of the tarsal glands. These f^lands, embedded in the deep

surface of the tarsi, are seen through the palpebral conjunctiva as a row of parallel,

yellowish, granular-looking streaks. From the deep position of the glands it follows

that the skin over a Meibomian cyst is freely movable, and that to reach the cyst

an incision should bo made thiough tlie conjunctival surface of the lid.

The palpebral conjimctiva is closely adherent to the ocular surface of the tarsi

;

at the fornix it is loose and contains small lymph follicles, which become hyper-

trophietl in the condition known as granular conjunctivitis. The ocular conjunctiva

is thin, transparent, and loosely attached to the sclera, so that in operating upon
the eye a fold of the membrane can be picked up with forceps to steady the

eyeball.

In inflammatory affections of the eye the state of those vessels which are visible gives

important information as to the seat of the mischief. For example, in inflammation of

the conjunctiva the posterior conjunctival vessels (derived from the palpebral arteries),

scarcely visible normally, appear as a close network which fades away towards the corneal

margin ; these vessels move freely with the conjunctiva, and do not disappear under pres-

sure. In superficial inflannnations of the cornea the anterior conjunctival vessels (the

most superficial of the terminal branches of the anterior ciliary arteries) are seen to

spread in a freely branching manner into its superficial layers. In iritis and deep inflam-

mations of the cornea there is a pink circumcorneal zone of vascular dilatation consisting

of delicate straight vessels which disappear under pressure and do not move with the con-

junctiva ; they are the subconjunctival (episcleral) terminations of the anterior ciliary

arteries ; in health they are invisible.

Lacrimal Apparatus.—The lacrimal gland, situated behind the lateral part

of the supra-orbital margin, cannot be felt unless enlarged. By everting and
raising the upper eyelid, the accessory (palpebrar) portion of the gland is seen to

project beneath the lateral third of the fornix, in which situation also the minute
orifices of the lacrimal ducts may be detected. By gently drawing downwards
the lower lid, the small punctum lacrimale is seen situated upon a slight papillary

elevation of its margin about 4 mm. from the medial palpebral commissure ; the

corresponding orifice of the upper lid is placed a little nearer the commissure.

Normally the puncta are directed towards, and accurately applied to, the ocular

conjunctiva immediately lateral to the lacrimal caruncle. By drawing the lids

laterally the medial palpebral ligament is put upon the stretch, and can be felt as

a narrow tense band passing transversely medially to be attached to the frontal

process of the maxilla. The ligament is a guide to the position of the lacrimal

sac, which it crosses a little above its centre. Continuous with the inferior end
of the lacrimal sac is the naso-lacrimal duct, wliich passes downwards and slightly

backwards and laterally, to open into the inferior meatus of the nose, under cover

of the anterior end of the inferior concha. The lacrimal sac and naso-lacrimal

duct each measure about i in. in length ; the latter is slightly contracted at its

commencement and termination, and it is in these situations that pathological

strictures of the duct are commonest. Spontaneous rupture of an abscess of the

lacrimal sac almost invariably occurs just below the medial palpebral ligament

;

it is in this situation that the abscess should be opened, the incision being made
a little lateral to the angular termination of the external maxillary artery.

The canaliculi lacrimales, which convey the tears from the puncta to the lac-

rimal sac, run for the first 1-2 mm. almost vertically to the free margins of the

lids, and thence parallel to them. Between the canaliculi is the lacrimal caruncle.

In the various morbid conditions which give rise either to misdirection of the

puncta or to stricture at any part of the lacrimal drainage apparatus, overflow

of the tears (epiphora) is the chief symptom. In passing a probe along a

canaliculus the instrument, in consequence of the bend upon the duct, is

passed at first vertically to the margin of the lid, and afterwards parallel to it,

until the point is felt to strike against the medial wall of the lacrimal sac ; to

pass the instrument onwards along the naso-lacrimal duct the handle is rotated

forwards and upwards through a quarter of a circle, and then pushed gently down-
wards and slightly backwards" and laterally into the inferior meatus of the nose.

88
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The tarsi are attached to the periosteum of the orbital margins by the superior

and inferior palpebral ligaments which shut off the communication between the sub-

cutaneous tissue of the eyelids and the fatty tissue of the orbital cavity. In fracture

of the anterior fossa of the base of the skull involving the orbital part, the blood

extends forwards between the periosteum and the musculo-fascial envelope of the

orbit and appears under the conjunctiva.

To obtain free access to the cavity of the orbit, the surgeon first enlarges the

palpebral fissure by making a horizontal incision from the lateral palpebral com-

missure to the lateral margin of the orbit, and then, after everting the eyelid,

divides the conjunctiva along the fornix of the upper or lower hd, or of both, as

may be desired.

Nose.—To examine the anterior nares {anterior rhinoscopy) a strong light is

reflected into the nostril, which is dilated by means of a nasal speculum. The
anterior extremity of the inferior concha appears as a rounded body projecting

from the lateral wall of the nose ; in turgescence of its erectile tissue it is Hable

to come in contact with the nasal septum and so occlude the nostril. The inferior

meatus, situated between the inferior concha and the floor of the nasal cavity, is

brought into view by tilting forwards the head. The inferior aperture of the naso-

lacrimal duct is concealed from view by the anterior part of the inferior concha.

The floor of the nose is horizontal and placed on a slightly lower level than the

anterior nares. The septum, generally more or less deviated to one or other side,

is seen when the head is slightly rotated away from the side to be examined. The
anterior extremity of the middle concha, which lies a little behind and medial to

the lower-medial angle of the orbital margin, is seen when the patient's head is

thrown well back ; between it and the septum is a sht-like interval {olfactory cleft).

By rotating the patient's head towards the corresponding shoulder the anterior part

of the middle meatus is brought into view
;
pus in that situation may originate from

the frontal, the anterior ethmoidal, or the maxillary sinuses, all of which open into

the hiatus semilunaris of the middle meatus.

To make a satisfactory digital exploration of the anterior part of the nasal

cavities, it is necessary to divide the columella and the cartilaginous septum with

a strong pair of scissors, one blade being introduced into each nostril (Kocher)

;

blood spurts from the small arteries of the septum, but the bleeding soon ceases.

When these vessels, which are derived from the superior labial arteries, are the

source of the haemorrhage in epistaxis, the bleeding can be arrested either by com-
pressing the superior labial arteries, by plugging the anterior nares, or by grasp-

ing the cartilaginous part of the nose firmly between the finger and thumb.
The maxillary sinus (O.T. antrum of Highmore), situated in the maxilla, is a

pyramidal cavity with its base formed by the lateral wall of the nose and its

apex directed towards the zygomatic bone. The cavity is lined by a thin muco-
periosteal -membrane, easily separable from the bone ; in the mucous layer are

numerous mucous glands from which cysts may develop. The floor of the sinus,

which is at or a little Vjelow the level of the floor of the nose, is separated from
the roots of the premolar and molar teeth by a plate of bone of varying thickness.

When this plate is thin and devoid of spongy bone, the floor of the sinus sinks below
the level of the floor of the nose, and suppuration at the roots of one of the teeth

above mentioned is, in these circumstances, very liable to extend to the sinus. In
a sinus of average dimensions the line of union of the nasal and facial walls of

the cavity corresponds externally to the lateral edge of the canine ridge (Logan
Turner). The nanal orifice is situated at the highest part of the sinus, and
is therefore unfavourably placed for natural drainage ; it opens into the posterior

and lower part of the infundibulum, which in its turn communicates with the

middle meatus of the nose through the hiatus semilunaris. In old age there is

frequently a second communication between the sinus and middle meatus, the
opening being situated posterior to and below the normal orifice ; when this accessory
aperture exists, pus from the sinus may drain backwards into the nasal part of

the pharynx (Logan Turner). In empyema of the sinus the opening to evacuate
and drain the cavity may be made (1) through the alveolus of the second premolar
or of the first or second molar tooth, the first molar being the site of election

;
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(2) through the canine fossa, lateral to the prominence caused by the root of the

canine tooth ; or (3) through the lateral wall of the inferior meatus of the nose.

In an antero-posterior skiagram of the skull, the shadow of the maxillary sinus

presents a pyramidal outline, the base corresponding to the floor of the orbit and
the rounded apex to tlie alveolar recess of the sinus. Sometimes the floor of the

sinus extends medially, below the floor of the nose, into the palatine process

of the maxilla so as to form a distinct palatine recess. The medial outline

of the sinus area is formed by the foreshortened shadow of the nasal wall of the
sinus and the lateral pterygoid lamina, while laterally it is outlined by the
zygomatic bone. The petrous portion of the temporal bone throws a deep shadow
across the superior half of the sinus. In taking the skiagram, therefore, the head
should l>e placed in such a position that this shadow is raised as much as possible

into the orbits. In the living sul:)ject tlie inferior and medial portion of the outline

of the maxillary sinus is considerably obscured by that caused by the cervical

portion of the vertebral column (Killian).

In a profile skiagram of the facial region of the dried skull, the shadow of the
outline of the maxillary sinus is well defined. It is represented below by the
dense horizontal shadow of the hard palate which crosses the tips of the roots of

the molar teeth. Above it is limited anteriorly by the dark curved shadow of

the floor of the orbit, while above and posteriorly is the shadow of the posterior

ethmoidal-cell area. Behind the maxillary area are the vertical linear shadows
of the pterygoid laminae overlapped by that of the corouoid process of the mandible.
The anterior part of the sinus area is overlapped and, to a considerable extent,
obscured by the shadow caused by the denser and somewhat triangular shadow of

the zygomatic bone.

Lips.—In compressing the labial arteries, it must be remembered that they run
under cover of the mucous surface, a short distance from the free margins of the lips.

The lips are abundantly supplied with mucous glands which can be felt immediately
beneath the mucous membrane nearer their attached than their free borders ; the
glands are a frequent source of mucous cysts ; occasionally they are enlarged
congenitally, giving rise to one form of hypertrophy of the lip.

Hare-lip is due to failure of the union of the superficial parts of the median nasal sub-
division of the frouto-nasal process with the maxillary process (Fig. 1079). The deformity
is spoken of as complete or incomplete accord-

ing as the cleft extends into the nostril or

merely involves a portion of the lip. The
fissure may involve the lip only, or it may
include the alveolar process of the maxilla ; in

the latter case the cleft may or may not be

associated with a cleft of the palate. Lastly,

the hare-lip may be single or double, accord-

ing as the deficiency has occurred on one

(usually the left) or both sides.

Fig. 1080, taken from a coronal section

through the head of a human embryo at the

seventh week, shows how the mouth is shut

off from the nasal cavities by the growth in-

wards from the deep aspect of the maxillary

process of two horizontal plates (palatine

processes) which unite in the median line with

each other and with the inferior border of t^'c 1079. -Head of Human Embryo about 29
.1 . r i.1 ^u 1 i.i. I • I Days old, showing the divisiou of the lower part
the septum of the nose; the latter, which

of the median nasal process into the two globSlar
develops as a downgrowth from the primitive processes, the intervention of the olfactory pits

basis cranii, is continuous anteriorly with the between the median and lateral nasal processes,

two medial nasal processes which form the

premaxilhe and the median portion of the

upper lip. The various degrees of deft palate

are due to the more or less complete failure of union of the palatine processes with
each other and with the premaxillary part of the median nasal processes. The oleft in the
soft palate, which is always median, may be either partial or complete, and may or may
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Globular process

and the approximation of the maxillary and
lateral nasal processes, which, however, are
separated by the oculonasal sulcus (from His).
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Xusal septum

Anterior cranial fossa

Nasal t-avity—

Buccal cavit.N --.-

Mandibl

^.-Crystalline lens

of the eyeball

Palatine process

Dental lamina

Tongue

— Dental lamina

Meckel's cartilage -"%(

Fig. 1080. -Frontal Section through the Face of a Human Embryo
AT the Seventh Week.

not extend forwards into the hard palate. The cleft in the latter is spoken of as single

or double according to whether the palatal pi-ocesses have failed to unite with the lower

edge of the nasal septum on one, or on both, sides. When the cleft extends forwards

through the alveolar
Inferior concha

^^^^^^^ ^^ ^^^^^^^

continuous with a

cleft of the lip, the

medial (premaxillary)

edge of the cleft is

usually projected for-

wards in advance of

the lateral (maxillary)

edge. Before pro-

ceeding to repair the

cleft in the lip, the

projecting premaxil-

lary edge is forced

back into line with

the maxillary edge.

In what is known
as a complete double

cleft palate, the pala-

tine .processes fail to

join the nasal septum and the premaxillse on both sides ; the result is a wide median cleft

which communicates with both nasal cavities. The free inferior border of the vomer
extends along the middle of the cleft to be continuous anteriorly with the rounded pre-

maxillary mass
;

the latter, along

with the central

portion of the up-

per lip, is projected

forwards between
the two labial

clefts, often to such

an extent that it

appears to spring

from the tip of the

nose (Fig. 1081).

In operating on

such a double hare-

lip the first step is

to get rid of the

premaxillary pro-

jection. This is

done, not by re-

moving it alto-

gether, but by
removing a trian-

gular portion of

the septum of the

nose behind it, so

as to allow of its

being bent back
into Hne with the

alveolar processes

of the maxillee.

The Vjase of the

triangular piece of

bone should not be
taken from the

constricted portion of neck of the premaxillary projection, but should consist of the olive-

shaped thickening situated immediately behind the neck. This thickening is crossed
by the transverse suture uniting the premaxilla with the anterior extremity of the

Ala nasi

Anterior extremity of
inferior concha

"

Central portion of,,

upper lip

Premaxilla -i

Left nasal cavity -'

Lateral edgft of left^,

labial cleft

Right nasal cavity ''|

Nasal septum--

Palatine process^
of right maxilla^

Tongue'

Lower lip'

Fig. 1081.

—

From a Photograph showing Double Complete Haue-lu'
AND Cleft Palate.
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.Suturi) bctwi'fii iiri'iiiaxilla and vomer

Left iioHal cavity

V •' 'IltUIII

I'alatinc process of
iiiaxilla

Uorizontal jilnte of
palate bone

Fig. 1082.

—

Shows Arrangement of Bones in Double Cleft Palate
{Handbook of Practical Surgery, Bergnmnn, Briins, and Mikulicz).

vomer (Fig. 10iS2). If tlie prema-xillary projectiou be removed altogether, there is nothing

left to support the upper lip, and the result is an ugly deformity, due to the comparative

protrusion and redundancy
of the lower lip.

/^^^f "^^ _ Prciiiaxilla

Teeth.— The milk
^

teeth begin to ap])ear tVom

the sixth to the eighth

month, the Hrst to emerge
being the lower central

incisors. The first denti-

tion is completed about

the thirtieth mouth.
Delayed dentition is gen-

erally due to rickets. Of
the permanent set the first

to erupt are the first

molars, which appear at

the end of the sixth or

seventh year ; the third

molars, the last to appear,

may erupt any time be-

tween the eighteenth and
the twenty-fifth year, or even later. As the permanent teeth push their way
towards the surface, absorption of the roots of the first set takes place, and the first

set either fall out of their own accord or are easily removed. Loss of the permanent
teeth is followed by absorption of the alveolar margin of the jaw. The tooth

sockets are lined by a thin periosteum, which is anatomically continuous with

the pulp tissue of the teeth on the one hand and the dense fibrous tissue of the.

deep layer of the gum on the other.

The upper incisors and canines and the lower premolars have cylindrical roots,

hence in extracting those teeth they should be first loosened by a slight rotatory
movement ; the roots of the lower incisors and canines and of the upper premolars
are flattened, so that they must be loosened by a lateral movement. The roots of

the third molars are convergent, generally welded together and curved backwards,
especially in the mandible. The first and second upper molars have three roots

which are often divergent.

Tongue.—For practical purposes, as well as on developmental and structural
grounds, it is convenient to divide the tongue into an anterior two-thirds—the
oral part, and a posterior third—the pharyngeal part (Fig. 1085). At the junction
of the two portions, immediately behind the median vallate papilla, is the foramen
caecum, which represents the remains of the upper or pharyngeal extremity of the
thsrreo-glossal duct. Congenital cysts and fistula; which develop from persistent

remains of this tract are always median ; those arising from the upper or lingual
portion of the tract are situated above the hyoid bone, whereas those developed
from the lower or thyreoid portion are situated below the hyoid bone. The liability

of these cysts and fistuhe to recur after operation is due to the fact that part of

the epithelial tract lies in the substance of the hyoid bone.

The mucous membrane covering the pharyngeal part is much more sensitive

than that covering the oral, hence in using a tongue depressor the instrument
should, except under special circumstances, rest only upon the latter region,

otherwise a reflex arching of the tongue will be set up, which prevents the operator
from obtaining a satisfactory view of the throat. Scattered over the pharyngeal
part are clusters of lymph follicles (lingual tonsils), which appear on the
surface as a number of nodular umbilicated elevations provided with little crypts
into which mucous glands open (Fig. 1085). The lingual tonsils are liable to
chronic inflammation and hypertrophy, conditions which are often accompanied by
a varicose condition of the veins which lie immediately beneath the mucous
membrane containing the palatoglossus muscle. To obtain a satisfactory view

88 J
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of the lingual tonsils in the living subject the laiyngoscopic mirror must be
employed.

Inferior concha

Internal pterygoid

External pterygoid

/ Soft palate

styloglossus

Inferior alveolar
vessels and nerve

Lingual nerve

External maxillary
artery

Superficial part of

submaxillary gland -wrj^^Jj

Submaxillary ductA;;^^^!
Deep part otN.-^^

submaxillary gland
Hypoglossal nerv

Lingual arte rj

Hyoglossus
Mylo-hyoid

Digastric tendon
Genio-hyoid

Temporal muscle

Tongue

Inferior alveolar
vessels and nerve

External maxillary
artery

Mylo-hyoid

Fig.

Lingual nerve
Deep part of submaxillary gland

Submaxillary duct
Hypoglossal nerve

Lingual artery

Digastric

Hyoglossus
Genio-hyoid

1083.

—

Feontal Section through the Tongue and Submaxillary Region in a Plane behind
THE Molar Teeth (from Cunningham)

The philtrum

Anterior lingual
;dand

Layer of muscle cut
to show the gland

lA- Plicse ftmbriatie

Frenuni linguae

Submaxillary duct

Openings of sub-
maxillary ducts

Sulilingual gland

Plica sublingualis,
with openings of
ducts of sublingual
gland

Fio. 1084.—Oi'EM Mouth with Tongue raised and the
Sublingual and Anterior Lingual Glands exposed.

The sublingual gland of the left side has been laid bare by
removing the mucous membrane ; to expose the anterior

Ungual gland of the right side a thin layer of muscle, in

addition to the mucous membrane, has been removed. A
branch of the lingual nerve is seen running on the medial

aspect of the gland. The profunda vein is faintly indi-

cated on this side also (from Birmingham).

The pair of mucous glands situ-

ated on the inferior surface of the

tongue a little behind its tip, and
known as the anterior lingual glands,

are of interest in that they occasion-

ally give rise to mucous cysts

similar to those vrhich develop in

connexion with the labial glands

(Fig. 1084).

The muscular bundles of the

tongue are separated by a quantity

of loose connective tissue, rich in

blood- and lymph vessels (Fig.

1083) ; hence acute inflammatory
oedema of the substance of the

tongue may be attended with a

degree of swelling suf3&cient to ob-

struct the respiratory passage.

The main blood-vessels of the

tongue run from behind forwards,

nearer its inferior than its superior

surface (Fig. 1083) ; incisions into

the substance of the tongue to

reduce swelKng and tension should,

therefore, be made longitudinally

upon the dorsum. Bleeding from
the lingual artery, divided in the

substance of the tongue, is tem-
porarily arrested by passing the

finger l3ehind the base of the tongue
and hooking it well forward, so as

to compress the vessel against the

lingual surface of the mandible.
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On account of the very slender anastomosis between the vessels of the two halves

of the tongue, scarcely any bleeding occurs when the organ is split in the median
plane.

According to Poirier, the collecting trunks wliich arise from the lymph net-

works in the mucous membrane and muscular substance of the tongue may be

divided into four groups:—(1) Apical trunks which open partly into the submental
glands and partly intt) a gland of tiie medial deep cervical group lying immediately
above the anteriur l)elly of the omo-jiyoid muscle. (2) Marginal trunks which pass,

some lateral to the sublingual gland and through the mylo-hyoid nuiscle, to join the

most anterior of the submaxillary lymph glands ; others pass medial to the sub-

lingual gland, in front of and behind the hyoglossus muscle, to join the glands of the

medial deep cervical group. The more anterior their lingual origin the loiver in the

chain is the gland to which they pass. (3) The basal trunks, from the posterior

third of the tongue, pass from before backwards towards the inferior extremity of

the tonsils, where tliey pierce the superior and middle constrictors of the pharynx,

and, after surrounding the lingual artery, open into a gland placed on the internal

jugular vein immediately below the posterior belly of the digastric. (4) The central

trunks, which descend in the middle line between the genio-glossi, pass beneath the

hyoglossus and mylo-hyoid muscles into the submaxillary space, and thence in

front of the hyoid bone (having embraced the tendon of the digastric) to join the

glands of the medial deep cervical group.

Between the tongue and the lingual surface of the gums is the alveolo-glossal

sulcus, crossed in the median plane by the frenulum linguae, which passes upwards to

the inferior surface of the tongue (Fig. 1084). Immediately on either side of the

lower part of the frenulum is the orifice of the submaxillary duct. A little external

to the frenulum the profunda veins are seen lying immediately under the thin mucous
membrane ; to the lateral side of the veins are the profunda arteries and the lingual

nerves, both of which lie deeper than the veins, and are therefore not visible.

The mucous membrane at the anterior part of the floor of each alveolo-glossal

sulcus is thrown into a slight elevation, which overlies, and is caused by, the

corresponding sublingual salivary gland. The duct of the submaxillary gland and
the lingual nerve lie beneath and to the medial side of the sublingual gland.

In dividing a shortened frenulum for " tongue-tie " the deep lingual vessels and the

oritices of the submaxillary ducts must be avoided. Behind the frenulum linguae are the

anterior bordei"s of the genio-glossi, which descend to the superior genial tubercles. In

operations necessitating the removal of the region of the symphysis of the mandible, or the

separation of the origins of the genio-glossi, the tongue must be kept forward, otherwise

the patient will be sufibcated by the organ falling backwards over the entrance to the

larynx. In removing a small salivary calculus from the floor of the mouth the calculus

should be fixed with the finger against the lingual surface of the mandible before cutting

down upon it.

When the teeth are clenched the vestibule of the mouth communicates behind
the last molars with the oral cavity proper through an opening which barely admits
a medium-sized catheter. Hence, when the jaws cannot be separated it is generally

necessary to feed the patient through a tube passed along the tloor of the nose.

"When the mouth is opemnl widely and a deep inspiration is taken, the soft

palate is elevated, and the glosso- palatine and pharyngo - palatine arches are

rendered prominent. The glosso - palatine arches spring from the anterior

surface of the soft palate, close to the base of the uvula, and arch down-
wards and laterally, in front of the palatine tonsils, to end at the posterior iend

of the side of the tongue. The pharyngo-palatine arches are really the continua-
tion of the lower free border of the soft palate downwards behind the palatine

tonsils to become attached to, and lost upon, the side wall of the pharynx.
Together with the lower edge of the soft palate and the base of the tongue they
bound a hemispherical opening (pharyngo-nasal isthmus), through which the mucous
membrane covering the posterior wall of the na.sal portion of the pharynx is visible.

The palatine tonsils (Fig. 1085) lie one on each side of the isthmus, between the
palatine arches ;

they are situated opposite the angle of the mandible, but they cannot

88 c
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be felt from the outside. Each tonsil is covered, on its free surface, by mucous
membrane upon which are seen the orifices of the tonsillar crypts ; the lateral or

deep surface is covered by a layer of fibrous tissue which forms an imperfect

capsule to the organ. According to Merkel, the internal carotid artery is situated

I'o cm. behind the lateral margin of the tonsil, which is separated from the superior

constrictor by a quantity of loose cellular tissue and fat, so that the gland can be

grasped with a volsellum and pulled forwards without dragging the vessel with it.

The tonsil receives its Uood-supi^l'V mainly from a small vessel derived from the

anterior palatine artery ; when this branch is larger than usual and adherent to
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Horizontal Section through Mouth and Pharynx at the Level of the Tonsils.

The stylopharjTigeus, which is shown immediately to the inner side of the external carotid artery, and the

prevertebral muscles, are not indicated by reference lines. (From Birmingham).

the capsule of the tonsil the bleeding which attends the operation of removal of

the tonsils may be considerable. The haemorrhage can be arrested by pressing the

bleeding point outwards against the internal pterygoid and the ramus of the mandible.

If the bleeding be from a spurting vessel of larger size, its source, according to

Merkel, is probably the external maxillary artery, which has been wounded as it

arches upwards beneath the digastric and stylo-hyoid muscles to within a short

distance from the lateral surface of the tonsil. In children and adolescents the

tonsils are frequently hypertrophied ; the enlargement may be either general, more
towards the median line, downwards along the pharynx, or upwards behind the soft

palate ; to expose and thoroughly remove the last-mentioned variety of enlarge-

ment the upper part of the glosso-palatine arch must be divided.

The mucous membrane and tlie periosteum of the hard palate are so closely

united as to form practically one membrane. The greater palatine arteries, after
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leaving the greater palatine foramina, run forwards in shallow grooves in the hard
palate, close to its alveolar margin. In the operation for cleft palate {staphylor-
raphy), in order to secure nourishment for the muco-periosteal flaps, the lateral

incisions should be made lateral to those vessels.

Secondary luuniorrlia<^e after the operation for cleft palate is treated by phigging the
greater palatine foramen, which lies a little medial to the last molar tooth aV)out ^ in.

in front of the hamular process, wliich can be felt at the superior extremity of the fold of

mucous membrane containing the pterygo-maxillary ligament. In the closure of a wide
cleft of the soft palate the tension of the tensor veli palatini muscle is got rid of by
chipping off the hamulus with a small chisel introduced at the {)osterior extremity of the
lateral relief incisions.

Nasal Part of the Pharynx.—To explore the superior or nasal part of the
pharynx the finger .should be iiooked upwards behind the soft palate. Anteriorly,
the finger readily detects the sharp posterior border of the vomer, the choanae,
and the posterior extremity of the middle and inferior conchte. The roof of the
space is formed by the basilar part of the occipital bone, while upon the posterior
wall is a transverse bony ridge caused by the projection of the anterior arch of the
atlas. Upon the side tvalls of the nasal part of the pharynx are the openings
of the auditory tubes, situated h in. behind the posterior extremities of the
inferior conelue. The orifices, bounded superiorly and posteriorly by a prominent
margin, are directed downwards and forwards, and, therefore, in a direction favour-
able to the passage of the Eustachian catheter. Behind the prominent posterior
margin of the orifice is the recess of the j)harynx (O.T. fossa of Rosenmiiller),
in which the point of the Eustachian catheter is apt to become engaged. Upon
the roof and posterior wall of the pharynx, down to the level of the anterior
arch of the atlas, and extending laterally as far as the orifices of the auditory tubes,
is a collection of adenoid tissue, the pharyngeal tonsil. Hypertrophy of this tissue
constitutes the condition known as "adenoids" the harmful effects of which are due
to their interference with nasal respiration. Upon the centre of the pharyno-eal
tonsil is an orifice leading into a small recess into which numerous mucous glands
open. The structures felt in the post-nasal space may be rendered visible by
reflecting the light upon a small mirror placed immediately behind and below the
soft palate {posterior rhinoscopy). The inferior part of the inferior concha is

obscured from view by the bulging of the superior surface of the soft palate.

In phir/f/ing the posterior nares, it is important to remember that those openings
measure nearly one inch in the vertical and half an inch in the transverse direction.
In the child, owing to the small size of the face, the vertical diameter of the naso-
pharynx i.s relatively much smaller than in the adult.

The lymph vessels from the nasal cavities and pharynx, including the palatine
and pharyngeal tonsils, join the sub-parotid and superior deep cervical glands, one
of which lies medial to the carotid vessels between the recess of the pharynx
and the prevertebral fascia. In children suppuration originating in this gland is

the commonest cause of a retro-pharyngeal abscess.

In the adult the four upper cervical vertebra can be explored from the mouth,
while in the child the finger can also reach as far down as the sixth vertebra and the
back of the cricoid cartilage.

THE NECK.

The general envelope of deep cervical fascia.along with the processes and partitions
which proceed from its deep surface, subdivides the neck into compartments which
limit and determine the spread of pus. The most important compartment is the
central or visceral compartment, bounded anteriorly by the pretracheal fascia, pos-
teriorly by the prevertebral fascia, and laterally by the fascia forming the vascular
compartment. Posteriorly, this compartment extends from the base of the skull
downwards into the posterior mediastinum

; anteriorly, it extends from the hyoid
bone into the anterior part of the superior mediastinum. Abscesses in the visceral
compartment are either secondary to disease of the lymph glands or organs it



1386 SUKFACE AND SUEGICAL ANATOMY.

contains, or the result of a primary suppurative cellulitis. A tubercular abscess

originating in one of the retropharyngeal lymph glands (Fig. 1085) lies in front

of the prevertebral fascia, and points towards the posterior wall of the pharynx
;

abscesses secondary to disease of the cervical vertebrae lie behind the prevertebral

fascia, and spread laterally behind the vascular compartment ; they point behind

the steruo-mastoid, and should be opened through an incision at the posterior

border of the muscle, the surgeon keeping to the anterior aspect of the transverse

processes in order to avoid the structures in the vascular compartment (Chiene).

In front of the visceral compartment is a small muscular compartment containing

the infra-hyoid muscles ; anterior to it again, in the region of the supra-sternal

notch, is the small supra-sternal compartment, containing the lower part of the
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Anterior Aspect of Neck and Shoulders.

anterior jugular veins, along with their transverse communicating branch, a little

fat, and one or two lymph glands.

The vascular compartment contains the carotid vessels, and the internal jugular

vein, and the following nerves, viz. : the vagus, the first part of the hypoglossal,

the descendens hypoglossi, and the superior part of the accessory. These structures

are enveloped in a thin fascial tube, the carotid sheath. The sheath is sur-

rounded by cellular tissue in which are embedded the carotid chain of lymph
glands ; normally they may be readily separated from the sheath of the internal

jugular vein, to which, however, they become adherent when inflamed. A few
small lymph glands lie within the sheath. The cervical sympathetic trunk and
the inferior thyreoid artery lie in the cellular space between the posterior wall of

the carotid sheath and the prevertebral fascia ; they can be reached through an
incision along the posterior border of the sterno-mastoid muscle, this muscle, along
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with the carotid sheath and its contents, being pulled well forwards. In approach-
ing the trunk of the inferior thyreoid artery from the front the sterno-mastoid and
carotid sheath are retracted and the dissection is continued through the cellular
interval between the carotid sheath and the sheath (Duter capsule) of the thyreoid
gland, which is formed by the si)litting of the ])rotracheal fascia.

A glandular ab-scess in this compartment usually points upon the surface,
adhesions being ibrmed, first, between the gland and the fascia, and, subsequently,
between the latter and the cutaneous structures. In diffuse suppurative cellulitis
of this compartment the pus burrows towards the root of the neck, and may reach
either the mediastinum or the axilla.

Median Line of the Neck.—The body of the hyoid bone divides the median plane
of tlie neck into supra- and infra-hyoid portions. Above the hyoid bone is the sub-
mental triangle, with its apex at tlie inferior border of the symphysis menti and its
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have been removed, and the lower part of tlie right

parts. (From Cunningham.)
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The lower portions of the sterno-mastoid muscles

common carotid artery cut away to show the deeper

sides formed by the anterior bellies of the digastrics. In the floor of the triangle

are the anterior portions of the mylo-hyoid muscles, separated by the median
raphe (Fig. 1087). The most important structures in the triangle are the submental

lymph glands, which can usually be felt a little above the body of the hyoid

bone. In children they are a frequent seat of abscess secondary to impetigo of the

lower hp and chin. About 1 in. below the hyoid bone is the pomum Adami, more
prominent in the male than in the female. On either side of the pomum Adami
are the laininie of the thyreoid cartilage, while between the latter and the hyoid bone

is the thyreo-hyoid membrane. In the operation of suh-hyoid 2}^i^ar>/ngotomy the

epiglottis and the superior opening of the larynx are reached by passing through

the anterior wall of the pharynx at the level of the thyreo-hyoid membrane.
The structures divided from without inwards are : the integuments, the sterno-

hyoid, omo-hyoid, and thyreo-hyoid muscles, the median portion of the thyreo-hyoid

membrane, along with a layer of fat between it and the lower part of the

epiglottis, and, finally, the glosso - epiglottic ligament and fold of mucous
membrane. The incision must not be extended too far on either side of the
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median plane for fear of wounding the superior laryngeal vessels and nerve which

pierce the thin lateral portions of the thyreo-hyoid membrane.

The wound in suicidal cut-throat is generally at this level. Tlie more important structures

which are usually divided are : more or less of the left stemo-mastoid muscle, the superior

thyreoid vessels, the thyreo-hyoid membrane, the base of the epiglottis, and, less frequently, the

carotid vessels, the internal jugular vein, and the superior larjmgeal nerve. When the wound
is above the hyoid bone, the lingual and external maxillary vessels and the muscles of the tongue

are the more important structures injured.

At the level of the middle of the anterior border of the thyreoid cartilage is the

rima glottidis.

In the operation of thyreotomy care is taken to divide the thyreoid cartilage

exactly in the median plane so as to avoid injuring the vocal folds.

A httle more than an inch below the prominentia laryngea is the anterior arch

of the cricoid cartilage, which may be readily felt, and, when the neck is extended,

often seen ; it lies a little below a point midway between the lower margin of the

chin and the superior border of the sternum. Above the cricoid is the crico-tliyreoid

ligament; in the operation of laryngotomy only the middle portion of the

ligament is divided, in order to avoid injury to the crico-thyreoid muscles. The
small crico-thyreoid branch of the superior thyreoid artery Lies close to the

inferior border of the thyreoid cartilage. Below the cricoid cartilage is the trachea,

which recedes as it descends, so that it lies 1^ in. from the surface at the level of

the superior border of the sternum. The isthmus of the thyreoid gland lies in front

of the second, third, and fourth rings of the trachea (Fig. 1087) ; not infrequently,

however, it reaches up to the cricoid. Immediately in front of the trachea, below

the isthmus of the thyreoid, is the pretracheal fat, containing one or two l3nnph

glands and the inferior thjnreoid veins, each represented by one or more branches which

converge as they descend. The pretracheal lymph glands receive afferent vessels

from the larynx and thyreoid gland, while their efferent vessels open into the inferior

deep cervical glands. In the adult the innominate artery crosses the front of the

trachea at the level of the superior border of the sternum ; in the child, however,

it not infrequently crosses half an inch higher, a relation which must be remem-
bered in performing the operation of low tracheotomy.

In the operation of high tracheotomy the upper three rings of the trachea are divided.

The incision, which should be median, divides the integuments, the tributaries of the

anterior jugular veins, the general envelope of deep cervical fascia, and, after passing

between the depressor muscles of the hyoid bone, the pretracheal fascia, which descends

from the cricoid to enclose the isthmus of the thyreoid gland. By dividing this fascia

transversely below the cricoid, the isthmus may be pulled downwards and the upper rings

of the trachea exposed. In some cases it is necessary either to divide the isthmus or to

extend the incision upwards through the cricoid cartilage. In opening the trachea, the

edge of the knife should be directed upwards so as to avoid injuring the vessels at the

upper border of the isthmus. The anterior jugular veins are in danger of being wounded
if the skin incision is not strictly median. In low tracheotomy the trachea below the

isthmus is opened ; it is a more troublesome operation, on account of the depth of the

trachea and the presence in front of it of the large inferior thyreoid veins and of the trans-

verse anterior jugular vein. In children the difficulty is increased by the higher position

of the innominate artery and left innominate vein, by the presence of the thymus gland,

and by the shortness of the neck.

Thyreoid Gland.—The thyreoid gland, which is moulded on and adherent to

the anterior aspects and the sides of the upper part of the trachea and to the lower

and posterior portions of the laminae of the thyreoid cartilage, is covered by the infra-

hyoid muscles and overlapped by the sterno-mastoid. The posterior borders of its

lobes come in contact with the oesophagus and lower part of the pharynx, while

jjosteriorly they partially overlap the carotid sheath.

The thyreoid gland, like the prostate, possesses, in addition to its own proper

capsule, an outer capsule or sheath derived from the cervical fascia. The capsule

proper, like that of the liver, is inseparably connected with the gland. The sheath,

on the other hand, is formed by the middle (pretracheal) layer of deep cervical

fascia, which splits to enclose the thyreoid. Between the true capsule and the
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sheath is a loose cellular interval which is crossed by branches of the thyreoid
arteries and veins on tlieir way k> and from the gland. The arteries traverse the

space directly, while many of the veins (accessory thyreoid veins of Kocher) ramify
for some distance on the surface of the capsule before they ijierce the sheath.

In excising one of the lobes, the surgeon reaches the gland through the
median plane in the interval between the infra-hyoid muscles. If, in order to obtain

more room, it is found necessary to divide the depressor muscles on one or boih
sides, this should be tlone towards their upper attachments, as their nerve-s of supply,

derived from the ansii hypoglossi, enter the muscles nearer their lower attachments.
By freely dividing the middle layer of cervical fascia where it forms the anterior

l)ortion oi' the sheath of the thyreoid, the gland can be brought out of the wound
and so mobilised that the main vessels may be brought into view and ligatured.

The superior thyreoid vessels, on each side, are brought into view by freeing

and drawing forwards the superior pole of the corresponding lobe. As the inferior

thyreoid artery, on each side, arches medially behind the carotid artery it lies in

the cellular interval between the carotid sheath and the pretracheal fascia.

Immediately after piercing the posterior part of che sheath of the gland the

vessel divides into two or more branches which pierce the capsule to enter the gland
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substance. The recurrent nerve, which also lies between the posterior part of

the sheath and the postero-medial aspect of the corresponding lobe, ascends, either

posterior to the inferior thyreoid artery or between its main divisions.

The parathyreoids can generally be distinguished from the thyreoid tissue itself,

and from the lymph glands, by their grayish-yellow colour as well as by their

smooth and shining surfaces. The superior parathyreoid is found on each side

usually, one at the posterior border of the corresponding lobes, about opposite the

cricoid cartilage. It is in close relation to the pharyngo-cesophageal junction,

from which it is separated by the posterior part of the sheath of the thyreoid

gland. The inferior parathyreoid gland, on each side, is supplied by a small

vessel from one of the branches of the inferior thyreoid artery ; it occupies the

same cellular interval at the posterior aspect of the inferior pole of the gland, a

little lateral to the inferior thyreoid artery and the recurrent nerve. It is this

close relationship of the recurrent nerves and the inferior parathyreoid glands to

the posterior aspect of the lobes of the thyreoid gland which has induced surgeons,

in excising one of the lobes, to make the resection intracapsular at the posterior aspect

of the gland, the posterior part of the capsule along with a layer of thyreoid sub-

stance l>eing left behind, attached to the trachea. In this way injury to the recurrent

nerve and inferior parathyreoid gland is avoided, as the branches of the inferior

thyreoid artery are ligatured after they have pierced the capsule. De Quervain,

on the other liand, prefers to ligature the main trunk of the inferior thyreoid
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artery before it pierces the sheath, that is to say, as it lies in the cellular tissue

between the carotid sheath and the prevertebral fascia. In order to reach the
vessel in that situation the surgeon should keep outside the sheath of the thyreoid
gland, between it and the carotid sheath which is retracted laterally along with the
infra-hyoid muscles. When the inferior thyreoid artery has been ligatured the
posterior branch of the superior thyreoid artery furnishes a sufficient blood-supply
to the inferior parathyreoid gland.

Triangles of the Neck.—The lateral aspect of the neck is divided into
an anterior and a posterior triangle by the sterno-mastoid muscle ; the former
is further subdivided into digastric, carotid, and muscular triangles by the digastric

and omo-hyoid muscles. The posterior triangle is subdivided into occipital and
subclavian 'portions by the posterior belly of the omo-hyoid.

The sterno-mastoid muscle forms one of the most important superficial land-
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marks of the neck. The anterior border of the muscle, the more distinct of the

two, may be felt along its whole extent. Between the prominent sternal origin

and the broad ribbon-Hke clavicular origin is a sKght triangular depression which

overlies the inferior part of the internal jugular vein.

By dividing the cervical fascia along the anterior and posterior borders of the

muscle the surgeon is able to displace the muscle backwards and forwards so as to

obtain free access to the structures deep to it. If the posterior fibres of the muscle

are divided at their clavicular and mastoid attachments the muscle can be still more
freely mobilised. In dividing the fascia along its posterior border the cutaneous

branches of the cervical plexus are generally divided, but care is taken not to

injure the accessory nerve. Should it be found necessary to remove the upper

third or more of the muscle, the divided end is stitched to the levator scapulae or

to the scalenus medius, according to the amount resected. In dividing the muscle

completely across at the lower part of the neck, as is done, for example, in

congenital wry-neck, the close relation of the anterior and external jugular veins

to its corresponding borders must be kept in mind. After division of the muscle.
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the lower part of the anterior belly of tiie omo-hyoid is seen, lying upon that part

of the carotid .sheath which overlies the internal jugular vein.

Digastric Triangle.— This triangle i.s subdivided into an anterior or sub-

maxillary portion and a posterior or ])arotid portion by a process of the deep
cervical fascia, known as the stylo-niandilnilar ligament. In the anterior portion

is the submaxillary gland, which is overlapped by the posterior half of the inferior

border of the mandible and reaches down to the great cornu of the hyoid bone.

The anterior facial vein passes downwards and backwards, superficial to the
gland, while the external maxillary artery, embedded in its deep surface, arches

upwards under cover of the angle of the mandible, where it approaches the

])alatine tonsil, l»eing separated from it, however, by the superior constrictor of the

pharynx. The lingual artery may be ligatured in the digastric triangle, where it

lies behind the hyoglossus a little above the great cornu of the hyoid bone ; the
8U}>erHcial guides to the vessel are the inferior Vjorder of the submaxillary gland,

and the hypoglossal nerve and its vena comitans, which lie upon the hyoglossus, the

latter being recognised by the vertical direction of its fibres. The floor of the

digastric triangle is formed, from before backwards, by the mylo- hyoid, hyo-
glossus, and superior constrictor of the pharynx. The Ijrmph glands of this space

receive their lymph from the face, lips, teeth and gums, tongue, and floor of the

mouth ; hence the frequency with which they become the seat of abscess formation
and malignant enlargement. To palpate them the surgeon stands behind the

patient and thrusts the fingers well upwards under cover of the mandible, the

patient's chin being a little depressed so as to relax the cervical fascia.

Carotid Triangle.—The central landmark of this triangle is the great cornu of

the hyoid bone, the tip of which, when the fascia is relaxed, may be readily felt,

immediately in front of the anterior border of the sterno-mastoid, at a point corre-

sponding to the centre of a line drawn from the tip of the mastoid process to the
prominentia laryngea. The deep cervical fascia holds the superior part of the
sterno-mastoid forwards towards the angle of the mandible, so that, with the
fascia undivided, the anterior border of the sterno-mastoid overlaps the internal

jugular vein and the bifurcation of the common carotid artery.

The course of the carotid vessels is indicated, upon the surface, by a line extend-
ing from the superior end of the sterno-clavicular articulation to a point midway
between the angle of the mandible and the tip of the mastoid process ; a point
upon this line, at the level of the superior border of the thyreoid cartilage, overlies

the bifurcation of the common carotid. The anterior belly of the omo-hyoid crosses

the common carotid at the level of the cricoid cartilage. The pulsations of the
carotid vessels may be felt in the hollow between the larynx and the anterior border
of the sterno-mastoid. In the carotid triangle the external carotid lies medial and
anterior to the internal carotid. The seat of election for ligation of the external

carotid is between its superior thyreoid and lingual branches, a fingers-breadth
l)elow the tip of the great cornu of the hyoid bone ; the difficulty in the operation
is due to the plexus of veins (formed by the common facial, lingual, and superior
thyreoid veins) which overlies the artery. The lingual and external maxillary
arteries frequently arise from a common trunk which must not be mistaken for

the external carotid. The superior thyreoid artery arises opposite the upper cornu
of the thyreoid cartilage, which may be distinctly felt 1 in. below the tip of the
great cornu of the hyoid bone. The vessel and its companion vein are common
sources of hemorrhage in cut-throat. The guide to the lingual artery, in the carotid

triangle, is the tip of the great cornu of the hyoid bone, above which it forms an
arch, crossed by the hypoglossal nerve. The vessel enters the digastric triangle

by passing forwanl medial to the tendons of the stylo-hyoid and digastric muscles.
When ligature of the artery is called for, it is usually necessary to secure the vessel

as it lies in the carotid triangle so that the ligature may be applied on the proximal
side of its dorsalis linguae branch.

From a surgical point of view the internal jugular vein is the most important
structure in the anterior triangle. In the carotid division of the triangle it over-
laps the carotid vessels, and its sheath lies close beneath the general envelope of

deep cervical fascia from which it is separated by a loose cellular interval. About
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the level of the hyoid bone it receives the large common facial vein, while at an
inferior level it receives the superior and middle thyreoid veins which are often

greatly enlarged in goitres.

By the term deep cervical glands is included a broad chain of lymph glands

which is closely related to the internal jugular vein, and which stretches from the

transverse process of the atlas to the root of the neck. The chain is in reality

made up of subsidiary glandular groups, each of which receives its lymph vessels

from fairly well-defined areas. In the first place, the chain may be divided into

an upper and a lower portion, the former situated above the bifurcation of the

common carotid artery, the latter below it. Each of these divisions is again

subdivided into a medial and a lateral chain.

Of the four groups, the superior medial is the most important, as it is there

that disease first manifests itself in the vast majority of cases. The reason for this

predilection is the fact that this group of glands, in addition to receiving efferent

lymph vessels from the glands of the circular chain, receives also lymph vessels

directly from the nasal part of the pharynx, including the palatine and pharyngeal

tonsils. These latter structures are now known to provide the chief portals

of entrance through which the tubercle bacilli reach the efferent lymph vessels.

Wood, of Philadelphia, has succeeded in tracing the lymph vessels from the palatine

tonsils directly into one of the glands of this group, namely, that situated a little

below the angle of the mandible, under cover of the anterior border of the sterno-

mastoid immediately below the posterior belly of the digastric. The relations of the

deep surface of this gland are important. It lies upon the anterior surface of the

internal jugular, in the angle between it and the common facial vein. It plays

such an important role in tuberculous adenitis that it is now termed by surgeons

the tonsillar lymph gland. In the great majority of cases it is the first gland in

the neck to show signs of tuberculous enlargement. When the superior medial

deep cervical glands become enlarged they form a swelling which projects from
beneath the sterno-mastoid forwards into the carotid division of the anterior

triangle. The mass soon becomes adherent to the general envelope of deep

cer\dcal fascia, and, if the disease is allowed to run its course, the latter becomes
perforated, with the result that a subcutaneous tuberculous abscess soon develops.

The glands are also liable to become adherent to the digastric^ muscle, and to the

stylo - mandibular ligament, which separates them from the submaxillary lymph
glands. The most important adhesions, however, from the surgeon's point of view,

are to the common facial and internal jugular veins.

The superior lateral group of deep cervical glands lies postero-lateral to the

internal jugular upon the origins of the splenius and the levator scapulae muscles.

They are smaller in size than the medial group, but when enlarged they may
form a swelling which projects across the posterior triangle as far as the trapezius.

They are embedded in a quantity of fibro-fatty tissue which supports the accessory

nerve and the cervical plexus. Wood has shown that the lymph vessels from the

pharyngeal tonsil, after piercing the posterior wall of the pharynx, pass downwards
and laterally behind the sheath of the great vessels to enter the glands situated

deeply, just below the tip of the mastoid process.

The inferior medial group forms a somewhat narrow chain, which is continued
down the anterior aspect of the internal jugular as far as its junction with the

subclavian. Above the bifurcation of the common carotid artery this chain is

continuous with the superior medial jugular group, while, below, it comes into

relation with the superior mediastinal glands.

The inferior lateral group of deep cervical glands is continuous above with
the superior lateral group. Like the superior lateral group, they lie altogether

behind the internal jugular vein, upon the levator scapulae, the scalenus medius,
and the brachial plexus. The most inferior glands of the group, viz., the supra-

clavicular, are subdivided into a superficial and a deep cluster by the omo-hyoid
muscle and the middle layer of deep cervical fascia. They receive their afferent

vessels from the subclavicular group of axillary glands.

The hypoglossal nerve is deeply placed in the carotid triangle, being overlapped
by the internal jugular vein and the inferior border of the posterior beUy of the



THE THORACIC DUCT IN THE NECK. 1393

digastric muscle. It crosses forwards, superficial to the occipital and internal and
external carotid arteries, immediately below the origin of the superior sterno-mastoid

branch of the first-mentioned vessel. The vagus nerve descends vertically, witliin

the carotid sheath, behind and between the carotid vessels and the internal jugular

vein ; care must be taken not to include it when ligaturing the common carotid

or internal jugular. Surgically, the accessory is the most important nerve in the

anterior triangle ; it enters the substance of the sterno-mastoid muscle 1^ in. below
the tip of the nuistoid process. A portion of the nerve is resected in the treatment
of spasmodic wry-neck, and it is always exposed in the removal of the medial
group of deep cervical glands. The course of the nerve may be mapped out
upon the surface by drawing a line from a point midway between the tip of

the mastoid process and the angle of the mandible to a little above the middle
of the posterior border of the sterno-mastoid muscle, and thence across the posterior

triangle to the anterior border of the trapezius, beneath which it passes at the level

of the seventh cervical spine. The deeper guides to tlie nerve are the posterior belly

of the digastric, and the internal jugular vein which it crosses, very obliquely, from
above downwards and backwards below and in front of the transverse process of

the atlas (felt as a distinct bony landmark midway between the tip of the mastoid
and I lie angle of the mandible). The cervical sjnnpathetic lies in the posterior

wall of the vascular compartment of the neck, and may ))e reached by an incision

along the posterior border of the sterno-mastoid : the anterior surfaces of the roots

of the transverse processes of the vertebra3 are the deep guides to the nerve.

The cervical plexus, which lies deep to the superior half of the sterno-mastoid
upon the levator scapulre and scalenus medius muscles, may be exposed through an
incision along the posterior border of the upper half of the sterno-mastoid muscle.

The phrenic nerve, the most important branch of the cervical plexus, arises one inch
above the carotid tubercle and descends almost vertically upon the scalenus anterior

;

it is overlapped by the lateral margin of the internal jugular vein. Although fre-

quently exposed by the surgeon in removing the lower medial group of deep
cervical glands, the phrenic nerve is protected from injury by being covered by
the prevertebral fascia.

The muscular or lower carotid triangle is an important triangular inter-

muscular space bounded by the anterior border of the sterno-mastoid, the anterior

belly of the omo-hyoid, and the sterno-hyoid. Behind this space, and forming, as

it were, its floor, is a still deeper space bounded by the longus colli and scalenus
anterior muscles. It may with advantage be termed the prevertelral intermuscular
triangle, or, from the fact that it contains the vertebral artery, it may be termed
the vertebral arterial triangle. At its apex is the prominent anterior tubercle of
the transverse process of the sixth cervical vertebra. By making an incision along
the anterior border of the left sterno-mastoid muscle, and passing through this

triangle, the surgeon reaches, in order from before backwards, the internal jugular
vein, the common carotid artery, the vagus, the thoracic duct, the middle cervical

ganglion of the sympathetic, the inferior thyreoid artery, the vertebral vessels,

the recurrent nerve, and the oesophagus. The most important bony landmark in

this triangle is the prominent anterior tubercle of the transverse process of the
sixth cervical vertebra. The common carotid artery may be compressed against
this tubercle, which is therefore termed the "carotid tuhercle." It is the most
important guide to the vertebral artery, which enters the foramen in the transverse

process of the sixth cervical vertebra.

The cervical portion of the oesophagus, which begins at the level of the cricoid

cartilage, descends behind, and a little to the left of, the trachea. To expose it, the
surgeon, after passing through the above-mentioned muscular triangle, divides

the pretracheal fascia, and passes between the trachea and the carotid sheath down
to the longus colli muscle medial to the inferior thyreoid artery and vertebral

vessels. The lower pole of the corresponding lobe of the thyreoid gland is retracted

medially along with the trachea. The oesophagus lies in the loose cellular tissue in

front of the prevertebral fascia ; hence it can be mobilised sufficiently to admit of

its being brought to the surface. The oesophagus may also be exposed through an
incision in the median plane, the trachea, which is freely movable, being displaced to

89
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the right side. lu opening the cesophagus care must be taken not to injure the

recurrent nerve, which ascends in the groove between it and the trachea, and also

that the loose submucous cellular interval must not be mistaken for the lumen
of the tube. The recurrent nerve must be avoided also in operations connected

with the thyreoid gland ; it is most liable to be injured during the application of

a ligature to the inferior thyreoid artery, which arches medially in front of the

nerve to reach the posterior surface of the gland.

The Thoracic Duct.

The thoracic duct, after entering the root of the neck between the cesophagus

and the pleura, ascends to about an inch above the clavicle. At this level it arches

laterally behind the lower part of the carotid sheath in front of the vertebral vessels.

Great care must therefore be taken not to injure the duct in removing the lymph
glands which lie in the loose cellular tissue behind the inferior part of the internal

jugular vein, between it and the vertebral vein at the medial border of the scalenus

anterior. In addition to those glands a few small lymph glands lie adjacent to the

lateral aspects of the cervical portions of the trachea and oesophagus. They receive

their afferent vessels from the larynx, trachea, oesophagus, and thyreoid gland.

Posterior Triangle.

The roof of the posterior triangle is formed by the general envelope of deep

cervical fascia, while the fascia which covers the muscles forming its floor, as well

as that covering the brachial nerve trunks and the subclavian artery, is a lateral

continuation of the prevertebral fascia. The lateral deep cervical and supra-

clavicular lymph glands are embedded in the cellular tissue between these two

layers of fascia. In removing these glands, every endeavour should be made to

preserve the motor nerves. The accessory nerve, after entering the posterior

triangle at the junction of the superior and middle thirds of the posterior border of

the sterno-mastoid muscle, crosses the triangle superficially, and parallel to the levator

scapulae. It leaves the triangle by passing under cover of the anterior border of

the trapezius, at the junction of its middle and inferior thirds. The lesser occipital

nerve curves round the accessory from below upwards, superficially, just at the

posterior border of the muscle ; it furnishes, therefore, a useful guide to the position

of that important motor nerve.

The dorsalis scapulae nerve (O.T. nerve to the rhomboids) crosses the triangle,

inferior to the accessory, and enters the septum between the levator scapulae and

scalenus medius muscles.

The supra-scapular nerve is seen arising from the lateral edge of the upper

trunk of the brachial plexus, a little above the posterior beUy of the omo-hyoid

muscle. The loops of the cervical plexus lie under cover of the upper part of the

sterno-mastoid muscle, between it and the origins of the levator scapulae and the

upper part of the scalenus medius muscles.

The posterior belly of the omo-hyoid, which forms the superior boundary of

the subclavian division of the posterior triangle, passes beneath the posterior

border of the sterno-mastoid at a point about one inch above the clavicle. The
external jugular vein, usually visible through the skin, runs in a line from the angle

of the jaw to the middle of the clavicle ; it is the vessel which is generally opened

to relieve the right side of the heart in asphyxia. The lumen of the vein is kept

patent where it pierces the fascia of the subclavian triangle ; hence a wound of the

vein in that situation is liable to be followed by the suction of air into the circula-

tion during inspiration. The third part of the subclavian artery can be compressed

against the first rib by pressing downwards and backwards, immediately above the

clavicle, a little behind the posterior border of the sterno-mastoid muscle. To map
out the course of the subclavian artery in the neck, draw a line, convex upwards,

from the superior border of the sterno-clavicular articulation to the middle of the

clavicle, the highest part of the arch to reach from | to 1 in. above the bone. To
ligature the vessel in the third part of its course, an angular incision is made along
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the middle of the superior border of the clavicle and the inferior part of the posterior

bordtT of tlie sterno-mastoid muscle. The most important guides to the vessel are

the posterior belly of the umo-hyoid, the lateral border of the scalenus anterior, and

the scalene tubercle of the first rib. The close relation of the vessel to the lowest

trunk of the brachial plexus and to the cervical pleura must be kept in mind. In

the rare iuHlanct'S in which a cervical rib is present the sul)clavian artciry lies either

in fmnt of it, or arches above it, according to the degree of development of the rib.

The subclavian vein lies below, and anterior to, the artery, altogether under cover of

the clavicle.

Entering the posterior triangle, from behind the lateral border of the scalenus

anterior, are the trunks of the brachial plexus. They lie upon the scalenus medius,

and can be felt, through the skin, immediately above and Ijehind the third part

of the subclavian artery. The anterior ramus of the fifth cervical nerve supi^lies

the rhomboids, the jd)ductors and lateral rotators of the arm, and the flexors

and supinators of the forearm ; that of the sixth the serratus anterior, tlie adductors

and metlial rotators of the arm, and the extensors and pronators of the forearm
;

that of the seventh the flexors and extensors of the wrist ; that of the eighth the

flexors and extensors of the fingers ; that of the first thoracic all the small muscles

of tlie hand. The carotid tubercle lies between the anterior rami of the sixth

and seventh cervical nerves. Tlie fifth and sixth cervical nerves are those which

sutler most when the plexus is injured by forcible depression of the shoulder

wliile the head is bent to the opposite side, such as occurs, for instance, in the
" Obstetrical Paralyses " of Duchenne.

To expose the trunks of the brachial plexus an incision is made from the

junction of the middle and inferior thirds of the posterior border of the sterno-

mastoid downwards and laterally to the junction of the lateral and intermediate

thirds of the clavicle.

The relation of the lowest trunk of the brachial plexus to the first rib is

important in relation to those forms of brachial neuritis in which the motor

and sensory symptoms indicate pressure on the anterior ramus of the first

thoraric nerve. Wood Jones has shown that the sulcus for the subclavian artery

on the superior surface of the first rib frequently lodges the lowest trunk of the

brachial plexus as well as the artery, and that the more the first thoracic nerve

contributed to the plexus the deeper is the sulcus. In two cases the writer has

cured the neuralgia and the partial paralysis of the intrinsic muscles of the hand
supplied by the first thoracic nerve by removing the portion of the first rib con-

taining the " sulcus nervi brachialis." The symptoms were due to the portion of

tlie first thoracic nerve which goes to join the brachial plexus being stretched and
pressed u^xai by the first rib as it crosses its inner edge to join the eighth cervical

nerve. Altliough similar symptoms may be produced by the first thoracic nerve
being stretched across a cervical rib, the surgeon must not expect to find this

anomaly in all cases ; and when a skiagram has been obtained, care must be taken
not to mistake a well-developed posterior tubercle of the transverse process of the

seventli cervical vertebra for a foreshortened view of a rudimentary cervical rib.

In the median line of the neck posteriorly is tlie nuchal furrow, at the bottom of

which are the cervical si)ines and the ligamentum uuchie. At the superior part of

the furrow, about two inches below the external occipital protuberance, is the large

spine of the epistropheus, which can l)e distinctly felt ; a line drawn from it laterally

and slightly upwards to the transverse process of the atlas corresponds to the position

of the inferior oblique musele and, therefore, to the inferior margin of the sub-occipital

triangle. The course of the deep part of the greater occipital nerve may be mapped
out by drawing a line from the centre of the above-mentioned line to a point one
inch lateral to the external occijutal protuberance. In the floor of the sub-

occipital triangle is the posterior arch of the atlas upon which the vertebral artery

lies.

THE THORAX.

For the convenience of topographical description, clinicians, by the use of

vertical and transverse lines, have arbitrarily divided the surface of the chest into

89 a
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Fig. 1090.

—

Anterior Aspect of Trunk, showing Surface Topography of Viscera.

M.C.
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certain definite regions or areas. The vertical lines are : the mid-sternal, the

lateral sternal, the 2^0'i'(i-sternal, the mammary or mid-clavicular, the anterior, mid,

and posterior axillary, and the scapular. The position of the mid- and lateral

sternal lines is sufficiently indicated by their names.

The mammary, better termed the mid-clavicular, is drawn vertically downwards
from the centre of the clavicle, or, what comes to jjractically the same thing, from a

point midway between the centre of the jugular notch and the tip of the acromion.

In the male this line usually lies i to | in. medial to the centre of the nipple,

which is usually placed over the fourtli interspace, or fifth rib, four inclies from

the median plane. In the cliild the nipple may be as liigh as the inferior border of

the tl)ird rib. In the female the i)Osition of the nipple is so variable that it is of

no topographical value. In a well-])roportioned subject, the mid-clavicular line, if

prolonged downwards, will be found to be continuous with the vertical or lateral

inguinal line, which crosses the costal margin at the tip of the ninth costal cartilage.

The para-sternal line, drawn midway between the lateral sternal and mid-
clavicular, crosses tlie costal nuirgin opposite the tip of the eighth costal cartilage.

The anterior, the mid, and the posterior axillary lines are drawn downwards
from tlie anterior fold, the apex, and tin; posterior fold of the axilla, respectively.

The scapular line is drawn perpendicularly through the inferior angle of the

scapula.

Of the two transverse lines, the superior, wiiich separates the infra-clavicular and
supra-sternal regions from the mammary and infra-sternal regions, is drawn aft the

level of the third chondro-sterual articulation ; the inferior, which separates the

mammary and infra-mammary regions, is drawn at the level of the sixth chondro-

sterual articulation.

The lateral area of the chest is divided into a superior, or axillary, and an inferior

or infra-axillary region, by a horizontal line drawn at the level of the sixth rib.

In muscular subjects there is a well-marked median furrow, the sternal furrow,

between the sternal origins of the pectoralis major muscles. The medial part of the

inferior border of each of these muscles forms a curved prominence which, overlying

the fifth rib, corresponds to the junction of the mammary and infra-mammary
regions. Below this prominence is the infra-mammary region, which forms a

somewhat flat surface, corresponding to the upper part of the rectus muscle. In

the axillary and infra-axillary regions are the prominences caused by the digitations

of origin of the serratus anterior, the first to appear below the pectoralis major
being that which springs from the fifth rib.

The superior border of the sternum lies in the same horizontal plane as the

inferior border of the body of the second thoracic vertebra, the distance between the

two being about two inches. The junction of the manubrium and the body of the

sternum forms a slight prominence or angle, known as the angulus sterni

(Ludovici), which, although not usually visible, may always be felt. The angulus
lies in the same plane as the body of the fifth thoracic vertebra.

The xiphi-stemal junction corresponds to the fibro-cartilage between the ninth

and tentli thoracic vertebne. Immediately inferior to the xiphi-stemal articulation

is the infra-sternal notch, formed by the junction of the seventh costal cartilages

with the sternum. Inferior to the notch is the epigastric fossa or triangle, bounded
laterally by the seventh costal cartilages. The apex of the triangle forms an angle

which varies considerably according to the shape of the chest, the average being
about 70°. Not infrequently the eighth costal cartilage articulates \Nith the sternum.

Fracture of the sternum is rare, and generally occurs at or close to the junction of the manu-
brium and the body ; it may occur either from direct violence, or indirectly along with fracture

of the vertebral column. Unlike that of the ribs, the periosteum covering the sternum is firmly

adherent to the bone.

The ribs, which in well-nourished subjects cause no surface prominences, are

readily visible in thin persons ; in the obese they are very difficult to feel. In
counting the ribs from the front, the second may always be identified by its relation

to the angulus sterni. The Jirst rib is to a large extent under cover of the clavicle.

The inferior border of the pectoralis major and the first visible digitation of the
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serratus anterior afford reliable guides to the fifth rib. The infra-sternal notch is

the guide to the medial end of the seventh costal cartilage. The second and third

costal cartilages are almost horizontal ; below this the cartilages ascend with

increasing obhquity, that of the sixth being the first to present a distinct angle.

The anterior end of the second intercostal space is the widest, while those of the

fifth and sixth are very narrow.

The costo-chondral junctions may be indicated, on the surface, by a line drawn
from the superior end of the para-sternal line to a point a finger's breadth posterior

to the angle of the tenth costal cartilage.

The internal mammary artery crosses behind the medial ends of the superior

five intercostal spaces, about half an inch from the edge of the sternum; as it

descends it approaches a little nearer to the sternum. The vessel is accompanied

by two veins which unite to form a single vein opposite the second interspace.

This artery is occasionally injured in punctured wounds of tlie chest. At the second or third

intercostal space it is easily ligatured through a transverse incision, but at a lower level it is

generally necessary to resect a portion of one of the costal cartilages.

THE LUNGS AND PLEURA.

The apex of the lung extends upwards into the root of the neck for a distance

of one to two inches superior to the anterior extremity of the first rib, and is mapped
out by a curved hne drawn from the superior border of the sterno-clavicular

articulation across the sterno-mastoid to the junction of the medial and inter-

mediate thirds of the clavicle, the highest part of the curve reaching from | to 1|
in. above the clavicle. The apex of the right lung reaches half an inch higher

than that of the Left lung. Intimately related to the apex of the cervical pleura

are the subclavian artery and the inferior cervical ganglion of the sympathetic.

Both the cervical pleura and the subclavian artery may be injured by one of the fragments in

a fracture of the clavicle ; the scaleni muscles, however, affording considerable protection to the

l^leura. In ligaturing the third part of the subclavian artery, care must be taken not to injure

the cervical pleura.

To delineate the anterior border of the right lung, draw a line from the superior

border of the sterno-clavicular articulation to the centre of the manubrium sterni,

and from there vertically downwards, in or slightly to the left of the median plane

to the level of the sixth or seventh costal cartilage, or, it may be, even to the infra-

sternal notch (Fig. 1091).

The anterior border of the left lung is mapped out by a corresponding line as

far as the fourth costal cartilage ; thence it is directed laterally along the inferior

border of the fourth costal cartilage to the para-sternal line ; it then passes downwards
and slightly laterally across the fourth interspace, and curves medially behind the

fifth costal cartilage and fifth interspace to reach the superior border of the sixth

costal cartilage in the para-sternal line. The inferior part, therefore, of the anterior

surface of the right ventricle is uncovered by lung and gives a completely dull

note on percussion ; this area is spoken of as the area of " superficial or absolute

cardiac dulness."

The level of the inferior border of the lung is practically the same on both sides
;

it is mapped out by a line extending laterally from the inferior extremity of the

anterior border to the sixth costal cartilage in the mid-clavicular line, and thence

in a slightly curved direction, with the convexity downwards, across the lateral

aspect of the chest to the tenth thoracic spine. This line crosses the eighth rib in

the mid-axillary line and the tenth rib in the scapular line (Figs. 1091 and 1092).

To indicate the position of the oblique fissure a line is drawn from the second

thoracic sjjine across the interscapular region to the root of the spine of the scapula,

and thence downwards and laterally across the infraspinous fossa, to end at the

inferior border of the lung opposite the sixth costal cartilage, a little medial to the

mammary line. When the arm is raised above the level of the shoulder, and the

hand placed on the back of the head, the inferior angle of the scapula is rotated

upwards and forwards so that the vertebral margin practically corresponds with
the line of the oblique fissure.
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The transverse fissure of the right hing is mapped out hy drawing a line from

the anterior border of the lung, d,t the level of the fourth costal cartilage, laterally

and sIi,L,ditly upwards to join the middle of the oMicjue fissure.

Pleurae.— The line of reflection of the right pleura from the back of the

sternum may be said to correspond to the anterior l)order of the right lung.

Right vagus ner\-e Trachea CEsophagus

Right subclavian
art«ry

Left »uf»clavinii artery

Sulcus subrlaviUM

Rinht
innominate vein

Iiinonnnate
artery

l.f^ft vagus nerve

Lotl coinnion
inHid artery

heft inno-
minate vein

Flo. 1091.

—

Dissection ok a Scbject hardened by Fokmalin Injection, to show the relations of the two
pleural sacs as viewed from the front. The anterior and diaphragmatic lines of pleural reflection are

exhibited by black dotted lines, whilst the outlines of the lungs and their fissures are indicated by the

blue lines. (From Cunningham.)

On the left side, the pleural reflection corresponds to the anterior border of the

left lung as far as the interior edge of the fourth chondro-sternal junction, from
which point it diverges slightly and descends, behind the left border of the sternum,
to the sixth costal cartilage (Fig. 1091). It is only occasionally that the anterior

extremities of the fifth and sixth interspaces are uncovered by pleura.

The right costo-diaphragmatic reflection (see Figs. 1091 and 1093) is indicated

on the surface by a line drawn from the sixth or seventh chondro-sternal junction
(sometimes the infrasternal notch) downwards and laterally to a point two inches
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Fig. 1092.

—

Anterior Asi'ect ok Trunk, showinu Surkace Topoorai-hy of Viscera.

M.C.
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vertically above the angle of the tenth costal cartilage ; I'roni that point the line is

carried, with a slightly downwatd curve, across the lateral aspect of the chest to

the twelfth rib at the lateral margin of the 8acro-s])inali8 ; thence it passes below

the twelfth rib and reaches the vertebral column at the level of the suj^erior border

of the twelftii ihoracic s])iiie. Tiie relation of the costo-diaphragmatic reflection

to the seventh, eiglith, and ninth costal arches may be conveniently expressed by
stating that it lies a little in front of the costo-chondral junction of the seventh,

opposite that of the eighth, and a

little behind tiiat of the ninth.

The left costo-diaphragmatic re-

flection is indicated by a lint' drawn
from a point opposite the sixth

costal cartilage, a finger's breadth

from its junction with the sternum,

to a point one and a half inches

\ertically above the angle of the

tenth costal cartilage, and thence

to the vertebral column, as on the

right side, but at a slightly inferior

level.

The costo-diaphragmatic re-

flection reaches its loivest limit a

little behind the mid-axillary line

two inches vertically above the tip

of the eleventh costal cartilage, a

level which may be readily in-

dicated, according to Cunningham,
by a point in the mid -axillary line

intersected by a horizontal line

drawn round the trunk at the

level of the lowest part of the ex-

tremity of the first lumbar spine

(Fig.. 1092). The same author

localised the level of the dia-

phragmatic pleural reflection in

the mammary line at the point

where this line is intersected by
another horizontal line at the level

of the spine of the last thoracic

vertebra.

The relations of the pleura to the

twelfth rib arc of importance to the

surgeon, especially in connexion witli

operations on the kidney (Figs. 109-1

and 1095). When this rib is not

abuonnally short, the pleural reflec-

tion crosses it opposite the lateral

border of the sacro-spinalis muscle
;

hence an incision may be carried

deeply as far as the apex of the angle

formed by the twelfth rib and the

lateral border of the sacro-spinalis

without entering the pleura. When, however, the twelfth rib does not reach the lateral

border of the sacro-spinalis, an incision carried upwards into the apex of the angle between
this nniscle and the eleventh rib is certain to wound the pleura (Melsom). It is im-

portant, therefore, to count the ribs from above downwards, in order not to mistake the

eleventh for the twelfth, when the latter is rudimentary.

Medial to the lateral edge of the sacro-spinalis the pleural reflection lies below the

level of the twelfth rib, and not infrequently descends as far as the transverse process

of the first lumbar vertebra.

1093.

—

Lateral View of the Right Pleural Sac in

A Subject hardened by Formalin Injection. The blue

lines iiuliciite the outline of the right lung, and also the

position of its fissures. (From Cunningham.)
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On the right side the posterior mediastinal pleura, as it passes from the posterior
aspect of the pericardium, backwards, to the front of the vertebral column, sweeps over the
right side of the oesophagus ; hence malignant ulcers of the oesophagus are more likely
to invade the right pleura than the left. On the left side the posterior mediastinal pleura
passes from the lateral aspect of the bodies of the vertebrse on to the left side of the
aorta. Hence, to evacuate pus from the posterior mediastinum, there is less risk of
opening the pleura if the space is entered from the left side of the vertebral column.

The seat of

election for tapping
the pleura {para-

centesis pleurae) is

the sixth or seventh
costal interspace, a

little in front of the

posterior axillary

fold. To allow of

the introduction of

a tube to drain

away the pus from
the pleural cavity

in empyema, a por-

tion of one of the

ribs (sixth to ninth)

is resected. The
intercostal vessels

and nerv-^es, which
lie in the groove at

the inferior border

of the rib, are
avoided by remov-
ing the portion of

bone subperioste-

ally. If the chest

is opened - in the

scapular line, care

must be taken not

to resect either the

seventh or the
eighth ribs, which
are exposed when
the arm is elevated,

but are overlapped

by the inferior
angle of the scapula

when the arm is

lowered.

An teriorly,

the bifurcation of

the trachea lies

opposite, or a little

below, the angulus

sterni, while pos-
The l)lue lines indicate the outlines and the fissures of the lungs. (From Cunningham.) teriorly it lieS a

little below the
level of the root of the spine of the scapula, opposite the fourth thoracic spine.

The bifurcation takes place one vertebra higher in the infant than in the adult
(Symington).

The septum between the right and the left bronchus lies a little to the left of the
middle of the trachea, and the right bronchus is wider and more nearly in a line
with the trachea than the left bronchus ; hence the greater tendency of foreign
bodies to enter the right bronchus.

Fig. 1094. —Dissection of the Pleukal Sacs from behind.
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The roots of the lungs are situated opposite the fourth, fifth, and sixth thoracic

spines, midway between thera and the vertebral margins of the scapulae.

Cms of (liapliniKiM ("nis of iliai)hragin

l.iitcnil hinibo-coMtal

arfli

Diaphragm

Spleen

Intestine

l,ati'ial liiinlio-coNtal

iircti

l»iai)lira^'iii

Ascending colon

Fig. 1095.

—

Dissection from behind to show the relation of the two Pleural Sacs to the Kidneys.

Outlines of superior portions of tlie two kidneys are indicated by dotted lines. (From Cunningham.)

The lower end of the trachea, the bronchi, the vagi, and the left recurrent nerve, are all

more or less surrounded by lymph glands, which, when enlarged, may exert injurious pressure

upon them.

THE HEART AND GREAT VESSELS.

Viewed from the front, the outline of the precordial area, like that of the peri-

cardial sac, is roughly triangular, the base of the triangle being below and the apex

above. The boundaries are delineated upon the surface as follows :

—

The right side of the triangle, formed by the right atrium, is indicated by

drawing a line slightly convex laterally from the superior end of the third to the

sixth costal cartilage, a finger's breadth from the edge of the sternum ; the curve

attains its maximum opposite the fourth intercostal space, where it reaches one

and a half inch from the median plane.

The base of the triangle, formed by the margo acutus of the right ventricle and

to a very sHght extent by the apical portion of the left ventricle, is almost

horizontal, and corresponds to a line drawn from the inferior extremity of the right

side of the triangle to the apex of the left ventricle, which lies behind the fifth left

intercostal space, three and a half inches from the median plane, and half an inch

medial to the mid-clavicular line. The base line crosses the xiphoid process

at its junction with the body of the sternum.

The left side of the triangle, formed by the margo ohtusus of the left ventricle, is

indicated by a slightly curved line extending from the apex of the heart upwards

to the inferior edge of the second interspace, a finger's breadth from the sternum, the

convexity of the curve being directed laterally and slightly upwards.

The truncated apex of the triangle, which lies behind the sternum at the level

of the second intercostal space, corresponds to the highest part of the heart,

namely, where the auricles of the atria embrace the aorta and pulmonary artery.

The situation of the anterior part of the coronary sulcus is mapped out by a

line drawn from the median plane, opposite the inferior border of the third left

costal cartilage, downwards and laterally to the sixth right chondro - sternal

junction ; the line should be slightly convex upwards and to the right. The right

auricle lies at, or a little to the right of, the median plane, at the level of the second
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Via. 1096.—PosTEiuoR Asi-ect ok Trunk, mhowino Soukace Tupouhaphy of Viscera.

T. Trachta.

A. Aorta.

L.L. Left lung.

R.L. Right lung

St. Stomach

.

Sp. Spleen.

L. Liver.

S. R. Suprarenal gland.

L.K. Left kidney.

R.K. Right kidney.

P. Pancreas.

PI. Pleura.

D.C. Descending colon.

A.C. Ascending colon.

R, Rectum.
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intercostal space and the superior border of the third costal cartilage. The
left auricle lies behind the second left intercostal space, close to the edge of the
Hteriiian.

Tlie diaphragmatic or inferior surface of the heart rests upon the diaphragmatic
or basal part of the pericardium. The base, or true posterior surface, of the heart is

formed mainly by the left atrium, which is moulded posteriorly upon the (jesophagus,

the aorta, the bronchi, and the bronchial glmds, the pericardium intervening.
The left atrium extends beliind the riglit atrium for a consideralilo distance to the
right of the median plam*.

In a radiographic examination in cases of general visceroptosis, the diaphragm,
which should rise and fall opposite the xiphisternal junction, will be seen to lie an
inch or more lower down, while the heart is seen to hang more vertically than
normal (cardioptosis).

In iletermining the position of the cardiac orifices and their valves it is to be
remembered that they are all situated below and to the left of the anterior part
of the coronary sulcus, and that they lie in the,following order from above down-
wards—viz., pulmonary, aortic, mitral, and tricuspid. When delineated on the
surface they will be seen to lie within an ellipse whose long axis extends from the
superior l)order of the third left to the sixth right chondro-sternal junction.

The pulmonary orifice, directed upwards and slightly Imckwaids and to the left,

lies opposite the superior border of the third left chondro-sternal junction ; the aortic

orifice, directed upwards, l»ackwards, and to the right, lies further from the surface,

behind the left half of tlie sternum, opposite the inferior border of the third costal
cartilage ; the mitral orifice lies at an inferior level, behind the left half of the sternum,
opposite the fourth rib ; the orifice of the opening is directed downwards, forwards,
and to the left. The tricuspid orifice, situated nearer the anterior wall of the chest
than the mitral, hes very obliquely behind the right half of the sternum at the
level of the fourth and fifth cartilage^ and intervening space.

Although the first and second sounds of the heart are heard all over the cardiac area, the
sounds i)roduced by the individual valves are lieard most distinctly, not directly over their ana-
tomical situation, but over the area where the cavity in whicli the valve lies approaches nearest
to the surface. Hence the mitral sound is best heard over the apex (mitral area), the tricuspid
over the inferior part of the body of the sternum (tricuspid area), the aortic over the second right
costal cartilage (aortic area), and the pulmonary over the second left intercostal space (pulmonary
area).

In tapping the pericardium (paracentesis pericardii) the pleura wiU be avoided by making
the puncture through the fifth or sixth left intercostal space as close as possilde to the edge of the
sternum. Wlien, however, the pericardial sac is distended with fluid, the pleura is pushed
laterally, and will therefore escape injury if the puncture is made at a .safe distance lateral to
the internal mammary vessels, viz., one inch lateral to the left border of the sternum.

To establish free drainage in suppurative pericarditis, the sixth left costal cartilage must be
resected and the internal mammarv vessels ligatured ; the transversus thoracis and the pleural
reflection are then puslied aside and the pericardium exposed and incised.

The ascending aorta lies behind the sternum, opposite the second and third ribs,

and, unless dilated, does not project beyond its right border. The superior border
of the aortic arch lies at or a little above the centre of the manubrium sterni ; in
the child the vessel may reach as high as the superior border of the manubrium.

The innominate and left common carotid arteries diverge from either side of the
median plane between the upper part of the manubrium sterni and the front of
the trachea. A pin pushed directly backwards immediately above the middle of
the supra-sternal notch will strike the medial border of the innominate artery a
little below its bifurcation.

The pulmonary artery lies behind the left border of the sternum opposite the
second interspace and the second costal cartilage.

The left innominate vein lies behind the superior part of the manubrium sterni,
the right behind the medial end of the right clavicle. The superior vena cava hes
immediately to the right of the margin of the sternum, opposite the first

and second interspaces and the intervening second rib ; its opening into the right
atrium, behind the third chondro-sternal articulation, corresponds to the centre of
the root of the right lung.
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Fig. 1098.

Fig. 1099. Fig. 1100.

From photographs of a formalin-hardened subject, with tlie heart dissected in situ, to show the relations of its

cavities and valves to the anterior wall of the thorax.

In Fig. 1097 the anterior wall of the right ventricle has been removed and the pulmonary artery opened.

In Fig. 1098 the anterior walls of the ascending aorta and of the right atrium have been removed ; also the
anterior cusp of the tricuspid valve.

In Fig. 1099 the greater part of the interventricular septum has been removed, exposing the anterior cusp of

mitral valve.

In Fig. 1100 the ascending aorta, anterior cusp of mitral valve, trunk of pulmonary artery, and interauricular

septum have been removed ; the cavities of the left atrium and left ventricle are exposed, also the left

auricle and posterior cusp of mitral valve.

R.A. Right atrium. P.A. Pulmonary artery. M.V. Mitral valve.

R.V. Right ventricle. P.V. Pulmonary valve. S.V.C. Superior vena cava.

L.A. Left atrium.' A. Aortic arch. P.V. Pulmonary vein.

L.A.A. Left auricle. A.V. Aortic valve. M. Moderator band.
S.V. Interventricular septum. T.V. Tricuspid valve.
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(ESOPHAGUS.

The average length of the oesophagus in the adult is 10 in. (25 cm.); the

distance from the incisor teeth to its commencement is 6 in. ; to the point or

level where it is crossed by the left bronchus, 9 in. ; to the cesophageal opening

of the diaphragm, 14 to 15 in. ; to the cardiac orifice of the stomach, 16 in. These
measurements, which are of great importance in diagnosing the seat of oesophageal

obstructions, should be marked oil" from below upwards upon all oesophageal

bougies and probangs. Posteriorly, the CL'Sophagus extends from the level of the

sixth cervical spine to that of the tenth thoracic, a little to the left of which
is the situation at which the stethoscope is placed in order to hear the sound pro-

duced by the passage of lluid into the stomach.

Clinically it is iniportant to bear in mind the relation of the oesophagus to the trachea and
left bronchus, to the left rccuirent nerve, to the l)ronchial and posterior mediastinal glands,

to the descending thoracic aorta, and to the right posterior mediastinal pleura. Ulcers of

the oesophagus are liable to open into either the trachea, the left bronchus, or the right pleura.

The veins of the inferior end of the oesophagus oj)en partly into the systemic veins and partly

into the portal system ; like those at the inferior end of the rectum they are liable to become
varicose in conditions wliicli give rise to cln-onic interference with the j)ortal circulation.

The lymph vessels of the upper part of the oesophagus open into the inferior deep cervical

glands, the n^mainder into the posterior mediastinal glands.

The ocsopliagus is very distensible in the transverse but not in the antero-posterior direction,

hence the most useful forceps for removing foreign bodies from the oesophagus are tliose which open
laterally.

THE ABDOMEN.

THE ANTERIOR ABDOMINAL WALL.

The configuration of the abdomen varies with the age, sex, obesity, and muscular
development of the individual. In the child it is wider above than })elow, while
the reverse is the case in the adult female. It is most prominent in the region of

the umbilicus, which is situated, normally, below the mid-point between the infra-

sternal notch and the symphysis pubis, usually a little below the level of the highest
part of the iliac crest, and opposite the middle of the body of the fourth lumbar
vertebra. In the obese, and especially when the abdominal muscles have lost their

tone, the umbilical region becomes prominent and more or less pendulous, so that

the umbilicus may come to lie considerably below the normal level. In the child

it is relatively lower than in the adult, in consequence of the undeveloped state of

the pelvis.

In spare subjects the inferior end of the body of the sternum, the xiphoid
process, and the costal margin, can readily be traced. The slight depression or

notch formed by the seventh costal cartilages and the inferior border of the body
of the sternum is termed the infrastemal notch. Below the notch, and bounded
on each side by the seventh, eighth, and ninth costal cartilages, is the infracostal

angle, which varies considerably according to the shape of the chest ; it is relatively

wider in the child than in the adult. The inferior border of the curve of the
tenth costal cartilage is easily recognisable, and was selected by Cunningham as
the level of the plane of separation (infracostal plane) between the upper and
middle abdominal zones.

The anterior abdominal wall is limited below by the fold of the groin and the
crest of the pubes. In a spare muscular sul)ject the recti, the furrows correspond-
ing to the inscriptiones tendinese (O.T. lineae transversae) and the supra-umbilical
portion of the linea alba, can be readily made out. When the outline of the
rectus is not visible the lateral border may be indicated by a line drawn from the
tip of the ninth costal cartilage to the mid-point of a line joining the umbilicus
and the anterior superior iliac spine, and from thence to tlie pubic tubercle. In
the angle between the lateral border of the rectus and the ninth costal cartilac^e,

on the right side, is a slight triangular depression which overlies the fundus of

the gall-bladder. Between the inferior part of the lateral border of the rectus and
the prominence above the anterior part of the iliac crest, caused by the lower
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muscular fibres of the external oblique, is another slight triangular depression,

which corresponds to the inferior and narrow part of the aponeurosis of the external

oblique muscle.

Close above, and almost parallel to, the medial half of the inguinal ligament
is the inguinal canal, traversed by the spermatic funiculus (Fig. 1101); the latter

can be felt to emerge at the subcutaneous inguinal ring immediately above the

pubic tubercle. The abdominal and subcutaneous inguinal rings have been fully

described elsewhere ; the former is triangular in shape, with its apex directed

superiorly and laterally, and its base immediately above the pubic crest. By
invaginating the skin of the scrotum the little finger may be passed through the

ring into the canal. It is to be noted that the neck of an inguinal hernia Lies

above the pubic tubercle, whereas the neck of a femoral hernia emerges below the

medial end of the inguinal ligament, lateral to the pubic tubercle. The abdominal
inguinal ring, an opening in the fascia transversalis, lies half an inch above a

Obliquus externus abdominis

Obliquus intermis abdominis

Obliquus intemus
abdominis (cut)

Deep circumflex iliac aitery

Abdominal inguinal ring and
internal spermatic fascia

—

Cremaster muscle

Obliquus externus abdominis—
Spermatic funiculus passing
through cremaster muscle'^

Obliquus externus abdominis

Obliquus intemus abdominis (cut)

Transversus abdominis

Over Inferior epigastric artery

Fascia transversalis
Inferior epigastric artery
Falx aponeurotica inguinalis
Over lateral border of rectus abdominis
Spermatic funiculus
Lig. reflexum inguinale

Fig. 1101.

—

The Groin. The structures seen on reflection of part of the obliquus intemus abdominis-

(A. M. Paterson).

point a little medial to the middle of the inguinal ligament. The inferior epi-

gastric artery may be mapped out by drawing a line from a point midway between
the superior anterior iliac spine and the symphysis pubis towards the umbilicus.

The vessel, together with the medial third of the inguinal ligament and the
inferior part of the lateral border of the rectus, bounds a triangle known as
Hesselbach's triangle. As the inferior epigastric artery passes superiorly and
medially to disappear behind the falx aponeurotica inguinalis and the lateral

border of the rectus, it lies behind the spermatic funiculus immediately medial
to, and below, the abdominal inguinal ring. The floor of Hesselbach's triangle

is formed throughout by the fascia transversalis, superficial to which, over the
medial half or so of the triangle, is the falx aponeurotica inguinalis. An oblique

inguinal hernia leaves the abdomen at the abdominal inguinal ring and traverses

the whole length of the inguinal canal ; its coverings are therefore the same as

those of the spermatic funiculus, and the neck of the sac lies lateral to the
inferior epigastric artery, hence this variety of hernia is also termed lateral inguinal
hernia. A direct inguinal hernia, on the other hand, instead of traversing the
whole length of the inguinal canal, pushes before it that part of its posterior
wall which is formed by the floor of Hesselbach's triangle. The neck of the sac,

therefore, lies medial to the inferior epigastric artery, and this variety of hernia
may be termed a medial inguinal hernia. If a direct liernia makes its way
through the medial part of Hesselbach's triangle, it derives a covering from the
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t'alx inguiualis, as well as from the fascia transversalis ; if through the lateral part

of the triangle, the lateral edge of the falx iugiiinalis curves round the medial

side of the neck of the sac. To relieve the constriction at the neck of the sac,

in the case of an oblique inguinal Jiernia, the edge of the knife is directed

superiorly and laterally to avoid the inferior epigastric artery, while in a direct

hernia the artery is avoided by dividing the constriction in a superior and medial

direction. In an oblique inguinal hernia the sac lies within the internal spermatic

fascia (f.iscia propria of the hernia), whereas in a direct hernia the fascia pntpria

is derived from the fascia transversalis of Hesselbach's triangle. The extra-

peritoneal fat which covers the outer surface of the hernial sac is sometimes

hypertrophii'd to such an extent as to amount to a I'atty tumour.

In a large proportion of children, at birth, the vaginal process of yjeritoneum,

which connects the tunica vaginalis testis with the alidominal peritoneum, is still

patent, especially on the rigiit side. Should the bowel force its way along the

patent process a congenital inguinal hernia arises. In the majority of the cases

of congenital inguinal hernia it will be found that the tunica vaginalis testis has

been sliut off by closure of the lower part of the vaginal process, only the superior

part remaining patent and forming the sac of the hernia.

In the child the persistence of a patent vaginal process can almost iuvarial)ly

be detected by rolling the cord between the finger and thumb ; after the ductus

deferens and spermatic vessels have slipped away from one's grasp the edge of the

sac can be felt to follow them. In regard to the operation for the cure of inguinal

hernia, it should be borne in mind that in the acquired form the hernia produces

the sac, whereas in the congenital variety the sac is the cause of the hernia; it

follows, therefore, that in the operation for acquired hernia the closure of the canal

is as important as the removal or obliteration of the sac, while in a congenital

hernia the most essential part of the operation is the closure of the neck of the

sac, and as the muscular and fascial apparatus forming the walls of the canal are

often well developed (especially in children), they should be interfered with as

little as possible. A patent vaginal process may persist during adult life

without any bowel descending into it ; on the other hand, years after birth, bowel
may suddenly enter it. In practically all oblique inguinal hernice, which develop

suddenly in children as well as in adolescents and young adults, the sac is of

congenital origin.

In the ordinary form of hydrocele the fluid is confined to the tunica vaginalis testis,

but when the vaginal portion of the processus vaginalis remains patent, the hydrocele

may extend upwards into the inguinal canal, and may or may not communicate with the

general peritoneal cavity. In the condition known as encysted hydrocele of the cord the
patent funicular process is shut off both from the tunica vaginalis testis and from the

peritoneal cavity.

Abdominal Incisions.

Before proceeding to deal with the abdominal cavity reference must be made
to some anatomical points connected with the more typical incisions made by
surgeons in opening the abdomen.

Incisions in the Median Plane.—Median line incisions through the linea alba
have the advantage of being comparatively bloodless and rapid of execution, of

dividing no motor nerves, and of enalding the surgeon to expose a wide area of

the abilomen. Unless special precautions are taken, however, they are more liable

to be followed by a ventral hernia.

Above the imibilicus the linea alba is comparatively broad, so that the edges of

the recti are separated by a distinct interval, which may be of considerable width
in obese subjects and multiparous women. Deep to the linea alba is the trans-

versalis fascia, which is so thin and adherent that the two structures form
practically a single layer. The extraperitoneal fat, which forms a comparatively
thick .stratum, must not be mistaken for omentum. The peritoneum presents itself

as a thin, bluish,semi-transparent membrane. If it is necessary to prolong the incision
downwards below the level of the umbilicus, it should skirt its left margin so as to

90



1410 SURFACE AND SURGICAL ANATOMY.

avoid the round ligament of the liver. If, in closing a median supra-imibilical

laparotomy wound, the surgeon merely sutures the edges of the stretched linea

alba without opening into the rectal sheaths, a hernia may result. To ensure

against it the medial borders of the recti are exposed by opening into their

sheaths along each edge of the wound. In closing the wound, the deepest

suture (continuous) includes on each side the posterior layer of the rectal sheath

along with the split Linea alba, the transversalis fascia and the peritoneum. This
gives a substantial " first line of defence." The next suture takes up some of the

fibres of the medial edges of the recti, along with the anterior layer of their sheaths.

The skin is sutured separately. By the above procedure the edges of the recti are

brought into actual contact and a double-layered linea alba is fashioned, one layer

behind the margins of the recti and the other in front of them.

Below the umbilicus the medial edges of the recti are practically in contact, so

that an incision between them opens into the rectal sheath on both sides.

The nearer the opening into the abdomen approaches the symphysis pubis,

the more likely is the bladder to be encountered ; this applies more especially in

children in whom the bladder extends higher up out of the pelvis. Before opening

the abdomen, therefore, by a low median incision, the bladder should be emptied

;

in supra-pubic cystotomy, on the other hand, it is intentionally filled so as to

elevate the peritoneum (superior false ligament of the bladder) well above the

symphysis. Below this peritoneal layer is the space of Retzius, occupied by a pad
of extra-peritoneal fat which must be separated by blunt dissection" before the

bladder wall is actually exposed. In opening the bladder the pre-vesical veins,

which ramify on its surface, are avoided as far as possible. Above the pubes the

fascia transversalis recedes somewhat from the posterior surface of the recti, leaving

behind it a cellular interval which must not be mistaken for the space of Retzius.

If a transverse incision is added to the inferior end of a supra-umbilical median
incision, free access may be obtained to the hypochondriac as well as to the epi-

gastric region. Before dividing the fibres of the rectus, however, the anterior

layer of the sheath is stitched to them to prevent their retraction. In dividing the

posterior layer of its sheath the terminal portions of the ninth and tenth inter-

costal nerves need not be injured as they run in a transverse direction.

Incisions through the Recti. — In opening the abdomen by longitudinal

incisions through the recti, the superior epigastric artery will be encountered above

the umbilicus, and the inferior epigastric below it. The nearer the opening

approaches the lateral border of the rectus, the more will its nerve-supply be

injured. Above the level of the umbilicus, the posterior layer of the rectal sheath is

well developed ; and in closing the wound it is included in the same suture as the

transversalis fascia and the peritoneum, the three together forming a most efficient

" first line of defence." The higher up and further lateral the incision is made
through the rectus, the more will the posterior layer of the sheath be found to be

made up of transverse muscular fibres prolonged inwards from the transversus

abdominis muscle. Below the level of the umbilicus, the posterior layer of the

rectal sheath is much thinner, and where it ceases, namely, about midway between
the umbilicus and the pubes, it constitutes what is known as the linea semicircularis

(semilunar fold of Douglas). Below this level, therefore, the " deep closure " of a

laparotomy wound through the rectus is less secure than is the case at a higher

level It is all the more important, therefore, to see that the edges of the anterior

layer of the sheath are accurately sutured.

Incisions Lateral to the Rectus.—Longitudinal incisions lateral and parallel

to the lateral liorder of the rectus are as far as possible to be avoided, firstly,

because they divide the motor nerves, and, secondly, because the abdominal wall is

almost entirely aponeurotic, and, therefore, a hernia is liable to result.

Incisions lateral to the rectus, above the level of the umbilicus, are generally

made more or less parallel to the costal margin. Such incisions give excellent

access to the gall-bladder and bile-ducts. The fibres of the external oblique

muscles are divided transversely ; but, fortunately, those of the internal oblique

and transversus muscles may be divided more or less parallel to the fibres. The
abdominal portions of the eighth, ninth, and tenth thoracic nerves which course,
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between the two deep muscles, run in a medial and slightly downward direction,

so that it is practically impossible to avoid dividing one or other of" them.

In the iliac regions, to rt-ach the ciECum and vormifdrm proct'ss on the right side,

and the })elvic colon on the left side (colostomy), it is customary, by using what
is known as the " griiliron incision," to split the three abdominal muscles in the

direction of their hbres. The external oblique is split in the direction of the skin

incision, which is maile obliquely from above downwards and medially. After

retracting the edges of this muscle the fibres. of the internal oblique and trans-

versalis muscles are split horizontally. Tiie abdomen is then opened by dividing

the transv^'rsalis fascia and peritoneum. If a comparatively large opening is

requireil the branch of the deep circumflex iliac artery, which ascends Ix'tween the

internal oblique and transversus muscles, a little medial to the anterior superior

iliac spine, is divided and ligatured, while the ilio-hypogastric and ilio-inguinal

nerves are to be avoided. If it is necessary to extend the incision in a medial

direction, the lateral part of the anterior layer of the sheath of the rectus is opened

and the rectus muscle retracted medially; while the inferior epigastric artery,

now exposed, is pushed aside or ligatured before the opening in the fascia trans-

versalis and peritoneum is enlarged.

Distribution of Sensory Nerves in Anterior Abdominal Wall.

A knowledge of the segmental distribution of the sensory fibres of the anterior

rami of the lower intercostal nerves enables us to appreciate the significance of the

so-called girdle pain often associated with lesions of the spinal medulla and its

nerve-roots. In tuberculous disease of the vertebral column, for example, the

girdle pain may be an early symptom of the disease, and when present it affords

a valuable guide to the situation of the disease in the vertebral column. The
seventh thoracic nerve supplies the skin at the level of the epigastric triangle, the

eighth and ninth, that between it and the umbilicus, the tenth that at the level of

the umbilicus, the eleventh and twelfth that between the umbilicus and groin.

THE ABDOMINAL CAVITY.

Subdivisions of the Abdominal Cavity.—To simplify the topography of the

abdominal viscera the abdomen is arbitrarily divided into nine regions by two
horizontal and two vertical planes. Of the two horizontal planes, the superior or

infracostal plane is at the level of the lowest part of the tenth costal cartilages

;

the inferior or intertubercular plane is at the level of the tubercles of the iliac crests.

The two vertical planes correspond upon the surface to a line drawn vertically

upwards on each side from a point midway between the anterior superior iliac

spine and the pubic symphysis. Superiorly, these vertical planes generally strike

the tip of the ninth costal cartilages. The subdivisions of the superior zone are

termed the epigastric and right and left hypochondriac regions, of the middle zone

the umbilical and right and left lumbar regions, of the inferior zone the hypogastric

and right and left iliac regions. The epigastric, umbilical, and hypogastric regions

may be further divided into right and left halves by the median plane. The
xiphisternal junction is on a level with the fibro-cartilage between the ninth and
tenth thoracic vertebra}. The infracostal plane passes through the superior part of

the third lumbar vertebra ; the intertubercular plane through the fifth lumbar
vertebra, about one inch above the sacral promontory. The umbihcus is situated

usually from one to two inches above the intertubercular line.

In the method of surface topography employed by Addison the plane of separa-

tion between the superior and middle abdominal zones is placed midway between
the superior border of the manubrium sterni and the superior border of the pubic
symphysis. It will be found to lie at or near the mid-point between the xiphisternal

junction and the umbilicus. Posteriorly, this plane strikes the inferior border

of the first lumbar vertebra, and it passes so constantly through the pylorus that it

may with advantage be termed the transpyloric plane.

The peritoneal cavity may be regarded as a large and complicated lymph sac

which is intimately related to the abdominal viscera, and more especially to the
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gastro-iutestinal canal. Inflammatory infections of the peritoneum are therefore

almost always secondary to lesions of the viscera. The peritoneal lymph sac is

brought into direct communication with the subperitoneal lymph vessels of the
diaphragm through stomata which open upon the peritoneum covering the abdominal
surface of that muscle. With the object, therefore, of diminishing septic absorption
after operations for peritonitis, the patient is kept in the half-sitting posture, and
pelvic drainage is established. The healthy peritoneum, in virtue of the vital action

of its endothelial cells, is endowed with great absorptive properties, and, when irritated,

has the power of throwing out an
abundant exudation, the cell-

elements of which are actively

phagocytic.

The reflection of the peritoneum
and its relations to the various

organs have been fully described in

the section on the Digestive System.
The attachment of the transverse

mesocolon to the posterior abdominal
wall is at the level of the first

lumbar vertebra, and lies, therefore,

a little above the infracostal plane.

The attachment, which ascends

slightly as it passes from right to

left, crosses the right kidney, the

descending part of the duodenum,
and the head of the pancreas, after

which its attachment follows the

anterior border of the pancreas. The
peritoneal suhdivision above this

attachment is roofed in by the dia-

phragm, and includes the superior

part of the g^eat sac, and, behind

it, the larger portion of the omental
bursa. The organs related to this

area of the peritoneum are the liver,

along with the bile-ducts and gall-

bladder, the stomach and part of

the duodenum, the spleen, the

pancreas, the upper parts of the

kidneys, and the suprarenal glands.

Suppuration connected with any of

these organs is liable to spread up-

wards under the cupola of the dia-

phragm, producing what is known
as subphrenic abscess.

The attachment of the mesentery

of the small intestine extends from
the left side of the second lumbar
vertebra downwards to the right

iliac fossa. The attachment may be

mapped out on the surface by drawing a line from a point on the transpyloric line,

one inch to the left of the median plane, to the mid -point of a line drawn
horizontally between the right anterior superior iliac spine and the median plane.

Subdivisions of the Peritoneal Cavity.—From the surgical point of view the

peritoneal cavity may be arbitrarily divided into four great subdivisions : namely,
a supracolic, a right infracolic, a left infracolic, and a pelvic. All these sub-
divisions communicate freely with one another behind the anterior abdominal
wall, as well as on each side, alonf^ the flutter -like channels in the loins. It

IS along these gutters that pus readily makes its way from the upper part of
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the abdomen along the lumbar regions into the iliac regions, and thence into the

pelvis ; and, on the other hand, the pus may ascend from the pelvis along the same
channels, especially when the patient is in the recumbent posture.

The highest (subphrenic) region of the supracolic compartment is further sub-

divided into a right and left portion by the falciform ligament.

The omental bursa may be looked upon as a diverticulum of the first-mentioned

subdivision.

The subphrenic lymph plexus communicates, by means of lymph vessels

which pierce the diaphragm, with the subpleural plexus on its superior surface

;

hence pus confined under tension in either of these spaces is liable to give rise

"to secondary infection of the corresponding pleural cavity. By adhesions of the

transverse colon and greater omentum to the anterior abdominal wall, the supra-

colic subdivision of the peritoneal cavity may become more or less completely shut

off from the rest of the abdomen. Suppuration in the right half of the phrenico-

colic subdivision is generally secondary to leakage from an ulcer of the first part

of the duodenum or to disease of the gall-bladder and bile-ducts ; while the left

half of the space is more usually infected from the stomach. The best method of

draining the supracolic subdivision of the peritoneal cavity is to pass a tuba through

the hepato-renal pouch of Morrison. The entrance to this pouch lies lateral to the

gall-bladder between the inferior margin of the liver above and the right flexure of

the colon below. The bottom of the pouch is formed by the reflection of the

peritoneum from the superior part of the kidney on to the fascia transversalis cover-

ing the aponeurosis of origin of the transversus abdominis muscle below the tip of

the twelfth rib. To drain it, a tube is introduced into it either from the wound
in the anterior abdominal wall, or, still better, through a puncture opening made
through the loin lateral to the kidney, in the angle between the twelfth rib and
the lateral border of the sacro-spinalis muscle. Another drainage route is by a

tube passed from the wound in the anterior abdominal wall into the omental bursa,

through either the gastro-hepatic ligament or the great omentum.
The right infra-colic subdivision lies above and to the right of the mesentery of

the small intestine. It is bounded, above, by the right and middle two-thirds of

the transverse colon and the corresponding part of its mesentery, while laterally it

is limited by the caecum and ascending colon. At its right inferior angle are the

ileo-csecal junction and the vermiform process ; at its right upper angle is the

right flexure of the colon, while at its left upper angle is the inferior part of the

duodenum, crossed by the superior mesenteric vessels.

The organs related to this subdivision are, in addition to the parts of the large

intestine already mentioned, coils of small intestine, the inferior third of the right

kidney, the right ureter, the inferior half of the descending and the horizontal part

of the inferior portions of the duodenum.
Suppuration in connexion with the organs in this area involves more especially

the right lumbar region, and may extend upwards along the colon into the sub-

diaphragmatic region, or downwards into the pelvis minor. To drain this region

a tube is introduced into the right lumbar region either through the anterior

abdominal wall or through a stab-wound in the loin lateral to the ascending colon.

The left infra-colic subdivision, which lies below and to the left of the mesentery,

narrows as it passes upwards and reaches to a higher level than the right infra-colic

subdivision. Inferiorly, it is directly continuous at the superior aperture of the

pelvis with the x^eritoneal cavity of the pelvis minor. Above, it is bounded by the

left third of the transverse colon and its mesentery, and, still more posteriorly, by
the inferior surface of the body of the pancreas ; laterally it is bounded by the

descending and iliac portions of the colon. At its right upper angle is the duodeno-

jejunal flexure, lying immediately to the left of the vertebral column, in the angle

between it and the inferior surface of the pancreas. At its left superior angle is

the left flexure of the colon, while at its left inferior angle is the junction of

ihac with pelvic colon. This subdivision of the peritoneal cavity, in addition to

containing the majority of the coils of the small intestine, is related to the inferior

third of the left kidney, the left ureter, the lower part of the abdominal aorta and
vena cava, and the inferior mesenteric and common iliac vessels. Drainage of this
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subdivision may be established through the left loin, or by a tube introduced down
to the bottom of the pelvis, namely, into the recto-vesical pouch in the male, and
into or through the recto-vaginal pouch (pouch of Douglas) in the female.

On account of the oblique manner in which the mesentery proper is attached

to the posterior abdominal wall, it follows that in order to examine the organs

related to tin; ri«;ht infra-colic subdivision (jf the abdomen, the coils of small

inttistine should l)e displaced downwarils and to the left, while to investigate the

left infra-colic subdivision they should be carried upwards and to the right.

ABDOMINAL VISCERA.

Liver.—The anterior margin of the liver, as it crosses the costal angle, can readily

be determined l)y }>alpation and light percussion ; it passes from the eighth left to

tlie tip of tiie tenth right costal cartilage, and crosses the median plane at the level

of the trauspyloric line, in the mid-clavicular line it reaches down to a point a

little below the most inferior part of the tenth right costal cartilage. Above the

left costal margin the anterior margin passes upwards and to the left to join the

left border of the liver at the tifth interspace in the mammary line. The highest

part of the liver, which corresponds also to the highest part of the right arch of the

diaphragm, reaches, during expiration, to the level of the fourth intercostal space in

the mammary line. To the right of the median plane the superior surface of the

liver is too far removed from the anterior wall of the chest, and overlapped by too

thick a layer of lung substance, to be accurately determined by percussion.

Behind the sternum the superior surface reaches to the level of the sixth chondro-

sternal junctions. To the left of the median plane the superior limit of the liver

cannot be determined by percussion since it merges into the cardiac dulness. The
base or right lateral surface extends from the level of the seventh to the level

of the eleventh rib in the mid-axillary line and is separated by the diaphragm
from the lower part of the right lung and pleura.

The falciform ligament of the liver lies, as a rule, a little to the right of the

median plane.

The anterior surface of the liver may be reached through a median incision,

extending downwards from the xiphoid process, or by an oblique incision, a finger's

breadth below and parallel to the right costal margin. To obtain free access to the

superior surface the eighth and ninth costal cartilages must be resected ; the seventh
cartilage should, if possible, be avoided ; otherwise the pleural cavity may be opened
into. Division of the round and falciform ligaments allows of greater downward
displacement of the liver. To reach the upper part of the lateral surface of the

right lobe, portions of the seventh and eighth ribs should be resected in the mid-
axillary line, and both the pleural and peritoneal cavities must be traversed.

Gall-Bladder.—The relation of the fundus of the gall-bladder to the surface of

the body is subject to considerable variation. Normally it is situated behind the
angle between the ninth costal cartilage and the lateral border of the right rectus

;

exceptionally, it is pendulous and suspended I'rom the liver by a more or less

distinct mesentery ; or it may be elongated and drawn downwards by adhesion
to the duodenum or colon. When displaced downwards it is liable to be mistaken
for a movable kidney, but may be distinguished from that by the fact that although
it may be pushed backwards into the lumbar region it returns at once to its

habitual position, immediately liehind the anterior abdominal wall, as soon as it

ceases to be manipulated.

The cystic duct is enclosed in the right extremity of the superior border of the
gastro-hepatic ligament. It is about an inch and a half in length, is sharply bent
upon itself close to its origin at the neck of the gall-bladder. It joins the hepatic

duct at a very acute angle. The passage of a probe along the normal duct is

rendered difficult by the marked flexure at its commencement, as well as by the folded

condition of its mucous membrane ; hence also the frequency with which calculi

become impacted at the neck of the gall-bladder. In excising the gall-bladder,

it is an advantage to ligature and divide the cystic artery and duct before pro-

ceeding to detach the organ from the inferior surface of the liver.

90 a
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The bile-duct, about three and a half inches in length, lies, in its superior

third, close to the right free border of the gastro-hepatic ligament. When cutting

into this, the most accessible part of the duct, it should be drawn forwards by the

finger introduced behind it, through the epiploic foramen ; the portal vein, which
must be avoided, lies posterior and a little to the left of the duct. The middle
third of the duct lies a little to the right of the commencement of the gastro-

duodenal artery behind the superior part of the duodenum about a finger's breadth

from the pyloro-duodenal junction. The inferior third of the duct, which passes

downwards and to the riglit, is intimately related to the pancreas ; in about two out

of three instances it is so embedded in the posterior aspect of its head that it cannot
be freed by blunt dissection. Close to its termination the duct is joined by the

main pancreatic duct of Wirsung, the two opening separately, but close together, at

the bottom of a diverticulum, which pierces the wall of the duodenum obliquely,

and opens at the summit of a small papilla situated at the inferior part of the medial

w^all of the descending part of the duodenum, about four inches from the pylorus.

When a calculus becomes impacted in the ampulla there is retention of the

pancreatic as well as of the biliary secretion. Frequently, however, the gland

possesses an accessory pancreatic duct (duct of Santorini) which opens into the

duodenum at a higher level than the main duct, with which it also communicates.

A calculus in the ampulla may be reached either by opening the duodenum from

the front (trans-duodenal route), or by freeing the duodenum and gaining access

to the duodenum from behind (retro-duodenal route). In the latter instance an
incision is made, lateral to the right border of the descending part of the duodenum,
through that portion of the peritoneum which passes upwards and to the right

from the superior layer of the transverse mesocolon, over the superior part of the pars

descendens of the duodenum on to the anterior surface of the right kidney. By
blunt dissection, directed medially, behind the duodenum, that organ, along with the

adjacent part of the head of the pancreas, can be separated from the kidney and
vena cava, and folded over towards the left like a door on its hinges. In
freeing the bile-duct from the posterior aspect of the liead of the pancreas a

vein of considerable size will be encountered ; this vein, which returns the

blood from the pancreatic-duodenal system of arteries, lies close to the bile-duct

as it ascends behind the head of the pancreas to open into the commencement of

the vena portcC. Of the lymph glands related to the bile passages it is to be

remembered that one lies at the neck of the gall-bladder, another at the junction

of the cystic and hepatic ducts, while a third lies close to the termination of

the bile-duct. When these glands are enlarged and indurated, care must be

taken not to mistake them for impacted gall-stones.

Stomach.—The stomach lies almost entirely within the left half of the epi-

gastric region and in the left hypochondriac region. The cardiac orifice, which
lies 1 in. below and to the left of the oesophageal opening in the diaphragm, is

about 4 in. from the surface, and corresponds, on the anterior surface of the

body, to a point over the seventh left costal cartilage 1 in. from the median
plane. The pylorus, which is generally partly overlapped by the anterior margin of

the liver, hes in, or a little to the right of the median plane ; when the stomach
is empty it generally lies in the median plane, when distended it may reach two,

or even three inches to the right of the median plane. Passing from the superior to

the inferior border of tlie pylorus opposite its junction with the duodenum is the

anterior pyloric vein of Mayo. This vein affords a useful visible guide to the position

of the pylorus. Another guide is furnished by the ring-like thickening of the

pyloric sphincter which projects into the commencement of the duodenum (like

the cervix uteri into the vagina), and can be readily palpated through its thin

wall. The pyloric portion of the stomach is practically bisected by a horizontal

jdane which passes through the abdomen at the level of a point midway between
the jugular notch of the sternum and pubic symphysis (Addison) ; it lies, there-

fore, tliree to four inches below the infra-sternal notch, midway between it and
the umliilicus, opposite the first lumbar vertebra. The highest part of the
fundus of the stomach corresponds to the left vault of the diaphragm, and lies

at the level of the fiftli rib in the mammary line, a little above and behind the
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apex of the heart. The greater curvature crosses behind the left costal margin

opposite the tip of the uiiiLh costal cartilage, that is to say, where the transpyloric

line intersects the left lateral line. The lowest part of the great curvature,

situated generally in the median plane, extends down to, or a little above, the infra-

costal plane, about two inches above the umbilicus. The lesser curvature and the

adjacent part of the anterior wall of the stomach are overlapped by the anterior

mari^nn of the liver.

Radiography of Stomach.—Kadiograms of the stomach, taken ai'ter a "bismuth

meal," show ihal the I'oriii and position of the stomach in the living subject differ

considerably from that which it presents in the cadaver.

In the cadaver, owing to loss of muscular tone, it presents itself as a more

or less empty pear-shaped bag with collapsed and tiacc'id walls. The same applies

to a large extent to the stomach as seen in the operating room, its normal tonicity

being almost entirely held in abeyance by the amesthetic.

In the living subject, the form and position of the stomach are found to vary

not only according to the amount of food it contains, but also according to

whether the patient occupies the erect or the recumbent posture. The most reliable

as well as the most useful, information regarding the form, the position, and the

motor activity of the stomach is obtained by " screen " examinations and radiograms

taken with the patient in the erect posture. When examined in this way, after

partly filling the stomach with a " bismuth meal," the organ is seen to possess a

distinctly J -shaped form. The stem of the J, which is represented by the body of

the stomach, lies immediately and entirely to the left of the vertebral column. The
fimdus, which is slightly more expanded than the body, reaches up to the left cupola

of the diaphragm ; it is represented in the skiagram as a light semilunar shadow,

the horizontal inferior margin of which corresponds to the superior limit of the

bisnmth. This clear semilunar area is due to the rising up of the gaseous contents

of the stomach to the highest part of the cavity. The cardiac orifice is seen to lie

opposite the left side of the fibro-cartilage between the tenth and eleventh thoracic

vertebrie. The shadow of the curved pyloric portion of the stomach, after crossing

the left side of the vertebral column opposite the third and fourth lumbar vertebrae,

ascends as the pyloric canal to join the duodenum at or a little to the right of the

median plane, opposite the second (not infrequently the third) lumbar vertebra.

The pylorus itself is represented by a light disc due to a break in the continuity

of the bismuth, caused by contraction of the pyloric sphincter. The lowest portion

of the greater curvature, which generally lies at or a little to the left of the median
plane, reaches, in the erect posture, down to the level of the middle or inferior border

of the fourth lumbar vertebra, or, in other words, to the umbilicus and the highest

part of the iliac crest.

As more food enters the stomach its capacity is increased by lateral expansion

rather than by any elevation of its fundus or downward expansion of its greater

curvature. The normal tonic action of the gastric muscle is able to hold up the

meal against the action of gravity to the level of the cardiac orifice.

"When, as not infrequently happens, the normal muscular tonicity of the

stomach is lost, the bismuth meal is no longer held up against the action of gravity,

but at once sinks to the most dependent part of the stomach where it lies as in a

flaccid sac, and gives rise to a crescentic shadow which may reach down almost, or

even quite, to the level of the pubes.

In gastroptosis, and in general visceroptosis, the whole stomach may be displaced

downwards without any great loss of its tonicity.

During a " screen " examination after a bismuth meal, the peristaltic movements
of the stomach can be seen to pass in distinct wave-like indentations from left to

right along the greater curvature, and to increase in force as they approach the

pylorus.

When the stomach is hypertrophied and dilated, as a result of pyloric obstruc-

tion, the peristaltic waves are more pronounced, and the bismuth shadow extends
well over to the right of the median plane, owing to the dilated pyloric antrum
and pyloric canal being carried over to the right, in front of the superior part of

the duodenum. The stomach tends, therefore, to lose its somewhat J -shaped
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tubular form, and the axis of its body becomes more oblique. In the infant and
young child the stomach is flask-shaped rather than J -shaped, and its axis is less

vertical than in the adult. The elongated form of the adult stomach is acquired

as a result of the erect posture.

It must be remembered that the only really fixed part of the stomach is the

region of the cardia, so that the form and position of the organ may be considerably

influenced by the condition of the neighbouring organs. For example, it may be

displaced downwards and to the left by enlargement of the liver, upwards by
distension of the intestines, and to the right by distension of the left colic flexure.

Overlying the stomach is an important surface area known to clinicians as the

semilunar space of Traube. This space, which yields a deeply tympanitic note on
percussion, is bounded, above, by the inferior margin of the left lung ; below, by the

left costal margin
; ^ to the right, by the anterior margin of the left lobe of the liver

;

behind and to the left, by the anterior border and anterior basal angle of the spleen.

The line of the costo-diaphragmatic pleural reflection crosses the space about mid-
way between its superior and inferior limits. The tympanitic area of the space is

diminished superiorly by pleuritic effusion, towards the right by enlargement of

the liver, and towards the left by enlargement of the spleen.

Perforation of an ulcer on the anterior wall of the stomach leads to extravasa-

tion into the greater sac of the peritoneum, while if the perforated ulcer is on the

posterior wall, extravasation takes place into the omental bursa. The close relation

of the splenic artery and its branches to the posterior wall of the stomach explains

the severe haemorrhage which is sometimes caused by a posterior gastric ulcer.

The surgeon may reach the posterior wall of the stomach through the gastro-colic

ligament, or, after throwing upwards the greater omentum and transverse colon, by
traversing the transverse mesocolon ; by the former route the posterior wall of the

stomach is reached through the anterior wall of the omental bursa, in the latter

through its posterior wall. ^

When a partial resection of the stomach, for malignant disease, is performed, the

bleeding is controlled by ligaturing the main vessels at an early stage of the opera-

tion. These are the right and left gastrics at the lesser curvature, the. gastro-

duodenal behind the first part of the duodenum, and the right and left gastro-

epiploics at the greater curvature. The left gastric should be ligatured as near

the cardia as possible, so that the whole chain of lymph glands along the lesser

curvature may be removed. Care is taken to remove also all the glands which lie

behind the first part of the duodenum in relation to the gastro-duodenal. artery and
head of the pancreas, as well as those along the right half of the greater curvature

in relation to the right gastro-epiploic artery. If the disease has spread to the

retro-peritoneal lymph glands, surrounding the coeliac artery, above the pancreas,

the chances of a permanent recovery are very remote.

In the classical " no-loop " gastro-enterostomy operation a longitudinal opening

in the commencement of the jejunum is anastomosed by suturing it to an opening

in the posterior wall of the stomach, near the greater curvature. The jejunum is

applied to the stomach in such a way that it maintains its normal direction, namely,

obliquely upwards and to the left. To bring the surfaces of the two organs in

contact, surgeons are in the habit of protruding the posterior wall of the stomach

through an opening made in the transverse mesocolon, on the proximal side of the

arch formed by the middle and left colic arteries. A better plan, however, is to

make an opening also into the omental bursa through the gastro-colic ligament a

little below the gastro-epiploic vessels, and then to bring the jejunum into contact

with the posterior wall of the stomach by pushing it (the jejunum) upwards
through the opening in the transverse mesocolon. By this plan the posterior wall

of the stomach along with the jejunum can be protruded through an opening in

the gastro-colic ligament, and can be more easily delivered out of the abdominal

cavity.

When the posterior wall of the stomach and transverse colon are held down by
adhesions, a long loop ofjejunum is brought up in front of the greater omentum
and transverse colon and anastomosed to the anterior wall of the stomach.

The Duodenum.—The duodenum is the widest, thickest, and most fixed part
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of the small intestine. For descriptive purposes it is divided by anatomists into

three parts. From the surgical standpoint it may with advantage be subdivided

into a supra-colic and an inlra-colic portion, the former, comprising the superior and

the upper half of the descending part, l)eing situated aliovt; the attachment of the

transverse mesocolon ; while the latter, compriHing the hjwer half of the descending

part along with l>oth subdivisions of the third part, being situated l)elow this

attachment. To expose the supra-colic portion the greater omentum and the

transverse colon must l)e pulled downwards, while to expose the infra-colic portion

they are thrown upwards along with the transverse mesocolon.

The first portion proper (pars superior) lies in the right part of the epigastric

region, medial to the gall-bladder, where it is overlapped by the quadrate lobe of

the liver. As regards its blood-supply, it occupies the frontier zone between the

coeliac and superior mesenteric vascular areas, and the vessels which supply it

vary considerably in their size and mode of origin.

This peculiarity of its blood-supply may partly account for the relative

frequency with which this portion of the intestine is found to be the seat of

ulceration. The first inch or so the duodenum possesses some degree of mobility,

being surrounded by the same two layers of peritoneum which invest the stomach.

Beyond this it is in direct contact posteriorly and inferiorly with the pancreas,

while descending behind it are the common bile-duct and the gastro-duodenal

artery. The relations must be borne in mind in performing the operation oi

pylorectomy. When an ulcer of the superior part perforates, extravasation takes

place, in the first instance, into the supra-colic compartment of the peritoneum,

thence into its hepato-renal pouch, and subsequently down along the ascending

colon into the right iliac fossa,—hence the possibility of mistaking the condition

for an acute appendicitis. I'erforation of the ulcer, however, is often prevented

by the duodenum becoming adherent especially to the gall-bladder, to the omentum,
or to the transverse colon.

If the finger is passed upwards, backwards, and to the left, immediately above

the first part of the duodenum and behind the right free border of the lesser

omentum, it will pass through the foramen epiploicum into the omental bursa of

the peritoneum.

The second portion of the duodenum (pars descendens) descends in the epigastric

and umbilical regions a little medial to the right lateral plane. The attachment

of the transverse mesocolon crosses it about its middle, while posteriorly it lies in

front of the hilum and medial border of the right kidney, from which it is separated

by loose areolar tissue. The procedure necessary to mobilise this portion of the

duodenum has been referred to already.

The horizontal portion of the inferior part of the duodenum occupies the

superior part of the umbilical region, and crosses the median plane about one inch

above a line joining the highest part of the iliac crests ; behind its commencement
is the superior part of the right ureter.

The ascending portion of the inferior part of the duodenum crosses the infra-

costal plane, and ascends upon the left side of the vertebral column opposite the

second and third lumltar vertebra.

The duodeno-jejunal flexure, which lies in the transpyloric plane one inch to the

left of the median plane, is tlie landmark which the surgeon makes for when he

wishes to identify the commencement of the jejunum (Fig. 946, p. 1204). To find

the flexure the greater omentum and transverse colon should be thrown upwards

and the finger passed along the inferior layer of the transverse mesocolon to the

left side of the vertebral column. The flexure lies in the angle or recess formed by
the left side of the second lumbar vertebra and the inferior surface of the body of

the pancreas. With the finger in this recess the commencement of the jejunum

may be hooked forward a little to the left of the superior mesenteric vessels at

the root of the mesentery. In connexion with the duodeno-jejunal junction is the

inferior duodenal fossa of Jonnesco, formed by a fold of peritoneum which stretches

from the left side of the fourth or ascending part of the duodenum upwards

to become attached to the peritoneum of the posterior abdominal wall close to the

medial border of the left kidney. The free edge of the fold and the mouth of the
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fossa look upwards. This is one of the situations at which an internal hernia

sometimes develops, the sac, as it enlarges, extending further and further into the

extra-peritoneal tissue on the posterior abdominal wall. Should strangulation

occur, the inferior edge of the orifice must be divided in a downward direction, in

order to avoid the inferior mesenteric vein which curves round the anterior and
superior aspects of the orifice (Treves).

Jejunum and Ileum.—To expose the coils of the jejunum and ileum completely,

the greater omentum, along with the transverse colon and the greater curvature

of the stomach, must be turned upwards. On account of the obHque attachment

of the mesentery, the greater number of the coils lie in the left infra-colic peritoneal

compartment, where they extend upwards to the left of the vertebral column as

far as the attachment of the transverse mesocolon and the inferior surface of the

pancreas ; here they lie in front of the inferior pole of the left kidney, in the angle

of the left colic flexure.

The only certain means which the surgeon has of distinguishing the superior

from the inferior coils of small intestine is by their relation to the duodeno-

jejunal flexure and the ileo-csecal junction. Occasionally the plicse circulares

VERMIEORM
PROCESS

RETRO-CAECAL FOSSA

B

Fig. 1104.

—

The C^cal Folds and Foss-e,

In A, the ciEcum is viewed from tlie front ; the mesentery of the_ vermiform process is distinct, and is attached

above to the inferior surface of the portion of the mesentery going to the end of the ileum. In B, the

caecum is turned upwards to show a retro-csecal fossa, which lies behind it, and the beginning of the

ascending colon (from Birmingham).

and the aggregated lymph nodules can be seen from the peritoneal aspect and
the jejunum and ileum thereby respectively identified. The terminal portion

of the ileum, which is attached by the inferior end of the mesentery to the

superior part of the right wall of the pelvis major, crosses the superior

aperture of the pelvis minor, and ascends along the medial edge of the caecum

before opening into it. The terminal loop of the ileum may be hooked up by passing

the finger along the medial side of the caecum downwards over the medial border

of the psoas major and the external iliac vessels into the pelvis minor.

Meckel's diverticulum, which is due to persistent patency of the proximal portion of

the vitelline duct, is situated usually from two to three feet above the valve of the colon

;

its average length is two inches. Springing from the anti-mesenteric border of the ileum,

its termination is usually free, but it may be adherent either to the anterior abdominal

wall, to the mesentery, or, more rarely, to one of the adjacent viscera. When its termina-

tion is fixed it may give rise to strangulation of the intestine.

Caecum.—The caecum occupies the right iliac region and extends from the

anterior superior spine of the ilium to the superior aperture of the pelvis minor.

When empty, it is generally more or less completely overlapped by small intestine, and
frequently also by the greater omentum. When partly distended, the caecum comes
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in contact with the anterior abdominal wall immediately above the lateral half of

the inguinal ligament. In the normal condition it is completely surrounded by
peritoneum, and can, therefore, along with the vermiform process, be readily

delivered out of the abdomen. In chronic constipation, associated with intestinal

atony, the ciecum is thin-walled, diluted, abnormally movable, and often prolapses

into the pelvis.

The position of the ileo-ciecal valve corresponds, on the surface of the body, to

the medial angle between the intertubercular and right lateral lines, while the

orifice of the vermiform process is one inch lower. It is to be noted that the lower

end of the ileum protrudes somewhat into the caecum, and that its circular muscular

fibres are prolonged into the flaps of the colic valve. Both of these anatomical

arrangements favour the occurrence of intussusception. In infants, other

predisjiosing causes are: (1) the relatively rapid enlargement of the lumen of the

large intestine as compared with the small
; (2) the greater mobility of the caecum

;

and (8j the frequent presence of a mesentery to the ascending colon.

Vermiform Process.—The vermiform process (O.T. vermiform appendix),

which springs from the pa'^tero-medial aspect of the caecum, one inch below the

ileo-c;ecal junction, is provided with a well-developed " meso-enteriole " derived from

the posterior aspect of the lowest part of the ileac mesentery. It is this portion of

the posterior layer of the- mesentery which sometimes develops a band -like

thickening, wliich, by dragging upon tire inferior end of the ileum, pi^oduces the kink

to which attention has been directed by Arbuthnot Lane. The artery of the

vermiform process is the only vessel which supplies the process ; it occupies the

free border of the meso-enteriole and gives off several branches which pass between

its two layers to reach the organ. In amputating the vermiform process the artery

is ligatured on the proximal side of its first branch in order to control the blood-

supply to the stump of the process. The fact that the vermiform process is supplied

by a single artery predisposes it to

gant'rene should the vessel become
thrombosed, or should the circulation

in it t)e interfered with by kinking

as a result of adhesions.

The vermiform process will gener-

ally be found to pass either upwards
and medially, behind the lower end of

the ileum, ordownwards and medially,

so as to overhang the external iliac

vessels at the superior aperture of

the pelvis minor; less frequently it

ascends in the pouch behind the com-
mencement of the ascending colon, artery of the

T»ri • (• 11 VERMIFORM
When, as not mirequently happens, process

the retro-caecal fossa is prolonged up-

wards to form a pouch behind the

colon, the vermiform process almost „ ,,^, „ „ „ .^ ^•
'

, , . ^.
1 1 ij I' 10. nOo.

—

The Blood-Supply ok the CjKcum and Vek-
invariably ascends into it, and should mikorm Process.

it be diseased, it may give rise to a ^he illustration gives a view of the cacum from behind,

retro-caecal abscess. The abscess may The artery of the vermiform process, and the three

perforate the posterior wall of the '^«"'* ^'^^'^ springing from the base of the process, should
^ -^ '^

1 i .1 I. be specially noted. (Modified by Birmingham from
caecum, or it may ulcerate through jonnesco.)

the posterior peritoneum ; in the

latter case the suppuration may spread upwards, in the loose fatty sub-peritoneal

tissue behind the colon, into the lumbar and perinephric regions; and it may
reach even the under surface of the diaphragm and form a subphrenic abscess.

When, in the course of its development, the caecum has failed to complete its

descent, the vermiform process may lie in the lumbar region in relation to the

inferior pole of the kidney. When it dips downwards into the pelvis minor it may
become adherent to the pelvic colon, the rectum, or the bladder, and in the female

to the uterine tube or the ovary. To find the vermiform process, the best plan

ILEO-COLIC ARTCRY

ILIAC BRANCH
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is simply to pull the caecum out of the wound, and if the parts are normal the

process will be delivered along with it ; if, on the other hand, the caecum and
vermiform process are tacked down by adhesions, the vermiform process is best

discovered by following the anterior taenia coli to the root of the process.

Ascending Colon.—The ascending colon, after crossing the iliac crest, lies deeply

in the right lumbar region upon the fascia covering the quadratus lumborum and
the adjacent aponeurotic origin of the transversus abdominis. Between the bowel

and the fascia is a quantity of loose cellular tissue and fat, which may bC' the seat

of a large abscess, secondary, (1) more especially, to disease of the colon itself, (2)

to disease of a retro-colic vermiform process, or (3) to disease of the right kidney.

This cellular tissue is directly continuous above with a thin layer lining the inferior

surface of the diaphragm; hence the suppurative process may extend upwards,

giving rise to one form of subphrenic abscess. In some cases the ascending colon is

completely surrounded by peritoneum, and it may even be provided with a distinct

mesentery. The latter condition is almost invariably present in infants suffering

from extensive ileo-csecal intussusception. After the invagination has been

reduced the mesentery proper is seen to be continuaus, through the ascending

mesocolon, with the mesentery of the transverse colon.

In order to resect the ascending colon the surgeon mobilises it by dividing the

peritoneum along its line of reflection from the lateral aspect of the colon on to

the abdominal wall. The colon, along with'the posterior peritoneum medial to it,

is then stripped, from the lateral side towards the median plane, off the quadratus

lumborum, the psoas, and the inferior pole of the right kidney. While this is being

done, the branches of the ileo-colic and right colic vessels which pass laterally to

supply the gut are secured, and the lymph vessels and associated lymph glands are

removed along with the bowel. As the peritoneum is stripped off, care must be taken

not to injure the important structures which lie behind it, namely, the duodenum,
the ureter, and the spermatic vessels.

The right colic flexure reaches upwards beneath the tenth costal cartilage

into the most inferior part of the right hypochondrium, where it lies immediately

to the right of the gall-bladder, between the liver and the inferior half of the

anterior surface of the kidney. Posteriorly, it is separated from the anterior surface

of the right kidney by a quantity of loose cellular tissue ; hence by dividing the

peritoneum to the right side of the flexure it can readily be mobilised and separated

from the kidney.

Transverse Colon.—The transverse colon crosses the lower part of the umbilical

region immediately below the greater curvature of the stomach. In cases of chronic

constipation it may form a U-shaped or V-shaped loop, extending down to the level

of the pubes. When this is the case the natural kinking at the right and left colic

flexures becomes more acute, and tends, therefore, to aggravate the constipation. In

such cases the right and left portions of the transverse colon often lie parallel and
close to the ascending and descending colon, respectively, like the barrels of a gun.

The transverse colon receives its blood-supply from the arch formed by the

middle and left colic arteries. The arch lies in the posterior wall of the bursa

omentalis between the two layers of the transverse mesocolon. In resecting portions

of the stomach for malignant disease, the surgeon removes also the glands which

lie between the two layers of the gastro-colic ligament in relation to the right

gastro-epiploic vessels. At this step of the operation care must be taken not to en-

danger the blood-supply of the transverse colon by injuring the middle colic artery.

The left colic flexure is more acute and more fixed than the right flexure ; and
it is situated at a higher level as well as more deeply. A tumour originating in

this portion of intestine lies generally under cover of the left costal margin, and is

therefore difficult to palpate. To expose the left colic flexure, the omentum along

with the transverse colon and the body of the stomach is turned upwards. To
mobilise it for the purpose of resection the surgeon nmst divide : (1) the phrenico-

colic ligament, which attaches it to the diaphragm opposite the eleventh rib
; (2)

the left border of the greater omentum, which attaches it to the stomach ; and

(3) the left portion of the transverse mesocolon, which attaches it to the left

extremity of the pancreas.
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Descending Colon.—The descending colon, like the ascending, is deeply placed

in the luiahar region and is related to the inferior lialf of the lateral horder of the

left kidney. It in less fre([uetitly provided with a mesentery than is the ascending

colon.

Iliac Colon.—The iliac colon commences at the junction of the posterior and

middle thirds of the iliac crest, and ends at the superior aperture of the pelvis

minor by joining the pelvic colon. It possesses no mesentery and is connected to

the fascia covering tiie iliacus and ])Soas major muscles l)y loose areolar tissue.

Towards its termination it turns medially innnediately ahove and ])arallel to the

inguinal ligament, and at its junction with the pelvic colon it lies in front of the

external iliac artery. Althougli, as a rule, it is entirely overlapped by coils of

small intestine, it can frequently be felt Vjy firm palpation at the lateral part of the

left iliac fossa, because its muscular wall is comparatively thick and generally

contracted.

Pelvic Colon.—The pelvic colon, in consequence of possessing a well-developed

mesentery, forms a freely moval)le loop which, though usually confined to tlie

pelvis minor, may, when distended, rise well up into the abdomen. It is this

section of the large intestine which is opened for the purpose of making an

artificial anus in malignant disease of the rectum.

The pelvic colon varies considerably in length, the average being sixteen or

seventeen inches. It is relatively longer and of greater calibre in the child than

in the adult. It is the part of the large intestine especially involved in the

condition known as megalocolon or Hirschsprung's disease—a congenital abnormality

in which the large intestine is greatly dilated and hypertrophied.

When the pelvic colon is thrown uj)wards and to the right so as to spread out

its mesentery, the latter is seen to be attached in an inverted V-shaped manner to

the posterior wall of the pelvis. At the apex of the V is a small peritoneal pouch

the inter-sigmoid fossa, situated just in front of the ureter as it crosses the

termination of the common iliac artery to enter the pelvis minor. This fossa is

one of the situations at which an internal retro-peritoneal hernia may originate.

The mouth of the fossa looks downwards and to the left, while above and to its

right is the sigmoid artery. The fossa aflbrds a guide to the commencement of the

pelvic portion of the left ureter. On account of the V-shaped attachment of this

mesentery it is convenient to speak of the pelvic colon as possessing an ascending

or proximal and a descending or distal limb. At the junction of the proximal

limb with the termination of the iliac colon is a more or less well-marked flexure

(the " last kink " of Arbuthnot Lane). It is to the proximal limb of the pelvic

colon that the divided inferior end of the ileum is anastomosed in the short-circuiting

operation of ileo-sigmoidostomy.

In the author's operation of transplanting the ureters into the large intestine

for incontinence of urine, the result of epispadias in the female, and of ectopia

vesicae in either sex, the left ureter is implanted into the ascending limb of the

pelvic colon and the right ureter into its descending limb.

By dividing the attachment of the mesentery of the pelvic colon in the

operation of excision of the rectum, the pelvic colon may be mobilised sufficiently

to allow of its being brought down and sutured to the skin in the sacral region or

even to the anal region. Further, the mobility of the pelvic colon is such that

after resection of the descending and iliac colon and mobilisation of the left colic

flexure, the divided ends of the bowel can be sutured together without undue
traction.

After operations on the female genital organs by the abdominal route—for

example, after abdominal hysterectomy— the surgeon makes use of the pelvic

colon and its mesentery by spreading them out over the pelvis so as to roof it in,

and so prevent any of the coils of small intestine from becoming adherent in the

pelvis.

Kidneys.—The kidneys lie behind the peritoneum, and extend higher up than

is often supposed, and laterally they do not extend so far away from the vertebral

column as is almost invariably depicted ; hence it is that, unless enlarged, the kidneys

can seldom be felt through the abdominal wall. The right kidney as a rule lies a
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little lower than the left, as well as a Kttle further away from the median plane.

The hilum of the ri^^lit kidney lies 2 in. from the median })lane ; that of the left

Ih in. from the mediun jjlane. For practical purposes tlie hilum of the kidney may
be regarded as opposite a point on the anterior abdominal wall a finger's breadth

medial to the tip of the ninth costal cartilage ; and a line joining the two hila

crosses the vertebral column opposite the fibro-cartilage between the hrst and second

lumbar vertebne, that is to say, a little below the transpyloric line. The highest

point of the kidney is situated two inches from the; median plane, on a level with a

line crossing the abdomen midway between the xiphisternal and transpyloric

planes. The lowest point of the kidney reaches down to, or a little below, the

infra-costal plane.

The student should make himself familiar with the feel of the parts in relation

to the kidneys, as far as they can be made out by introducing the hand through a

median abdominal incision.

The superior half of the anterior surface of the right kidney is felt, at the bottom
of the hepato-renal peritoneal pouch, by passing the hand deeply into the right

hypochondrium, between the anterior margin of the liver and the right flexure of the

colon. The inferior half is palpated by passing the hand deeply into the highest

part of the right infra-colic peritoneal compartment ; its free peritoneal surface lies

in the angle of the right flexure of the colon. The second portion of the duodenum
overlaps both the su])ra- and infra-colic portions of the medial border of the right

kidney. When the right kidney is excised by the abdominal route, the peritoneum
is divided lateral to the ascending colon and right colic flexure, and these structures,

along with the descending part of the duodenum, are stripped off the organ in a

medial direction, until the hilum and the renal vessels are reached.

The left kidney is crossed transversely, about its middle, by the body of the

pancreas and the splenic vessels. To palpate the supra-pancreatic portion, the

hand is passed through the left portion of the gastro-colic ligament, upwards
behind the stomach, into the superior part of the omental bursa. The spleen will

be felt to overlap the lateral border of the kidney. To palpate the infra-pancreatic

portion of the organ, which is covered by the peritoneum continued downwards
from the attachment of the inferior layer of the transverse mesocolon, the hand is

passed deeply into the upper part of the left infra-colic peritoneal compartment as

far as the angle of the left flexure of the colon. This area of the kidney is over-

lapped by coils of small intestine, while passing transversely laterally in front of

it are the left colic artery and its branches. When the left kidney is excised by
the transperitoneal route, the left colic flexure and the descending colon are

mobilised by dividing the peritoneum lateral to them so as not to injure the left

colic artery.

In addition to their true fibrous capsules, the kidneys are surrounded by and
enveloped in a well-marked fatty capsule. Outside this perinephric fat is a more or

less well-defined fibrous envelope, known as the renal fascia or fascia of Gerota,

which forms, as it were, a sheath to the organ. Hence, just as in the case of the

prostate and thyreoid glands, the kidney possesses, in addition to its true capsule,

a sheath derived from the neighbouring fasciie. The anterior and posterior layers

of the sheath remain distinct at the medial border of the kidney and are prolonged,

the one in front of, and the other behind the renal vessels. The two layers

remain separate also for some distance below the inferior pole of the kidney, and it

is into this downward extension of the fascial compartment that the kidney descends
in the condition known as movable kidney. Above and laterally the sheath joins

the fascial lining of the diaphragm and transversus muscles respectively. Outside

the perinephric fascia is a second layer of fat sometimes spoken of as the

paranephric fat.

When the inferior pole of the kidney receives a special blood supply, either

directly from the aorta, or from the renal artery, the abnormal vessel may, by
passing either in front or behind the superior part of the ureter, cause the latter to

be so kinked over the vessel as to cause a secondary.hydronephrosis.

Brodel has shown that the branches of the renal artery are distributed to the

cortex of the kidney in an anterior and a posterior group ; hence, in splitting the

91
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kidney substance to reach the renal pelvis, the incision, should be made along the

frontier line between the two vascular areas, viz., about half an inch behind and
parallel to the lateral border of the kidney.

The ureters lie behind the peritoneum covering the psoas major muscles ; they

descend almost vertically in the umbilical region 1| in. from the median plane.

At the level of the intertubercular plane they lie in front of the termination of the

common iliac arteries, and then pass down into the pelvis minor, in front of the

hypogastric arteries.

The ureter possesses a well-developed muscular wall so that it is well adapted for

suturing, while its rich blood supply favours rapid healing. Its abdominal portion

is supplied by the renal and internal spermatic arteries ; its pelvic portion by the

superior vesical, the inferior vesical, and the middle h«morrhoidal arteries. By
their anastomosis they form a continuous and somewhat tortuous chain which is

generally visible beneath the peritoneum along the whole course of the tube.

In reading skiagrams with a view of ascertaining the presence or absence of

calculi in the abdominal portion of the urinary tract. Hurry Fenwick makes use

of a line projected vertically upwards from the highest part, i.e. the centre, of the

iliac crest to the twelfth rib. As this line corresponds to the lateral limit of the

kidney, it follows that a " calculus shadow " close to the medial side of this line

will generally occupy one of the calyces and be situated, therefore, towards the

cortex, while if the shadow be situated close to the tips of the transverse processes

of the vertebrae, the calculus will usually be found either in the pelvis of the kidney'

or in the abdominal portion of the ureter. The other points to be kept in mind
in reading the radiogram are that the pelvis of the kidney lies opposite the interval

between the transverse process of the first and second lumbar vertebrae, and,

secondly, that the abdominal portion of the ureter descends in the line of the tips

of the transverse processes of the second, third, fourth, and fifth lumbar vertebra.

Pancreas.—The head of the pancreas occupies the curve -«f the duodenum,

and hes in the lowest part of the right half of the epigastric region, on a level with

the second lumbar vertebra. The neck, which crosses the median plane opposite

the fibro-cartilage between the first and second lumbar vertebrse, lies in the trans-

pyloric plane, while the body lies immediately above that plane. The tail lies in

the left hypochondriac region. The relations of the pancreas to the transverse meso-

colon and to the neighbouring viscera have already been sufficiently referred to.

After opening the abdomen in the median line, the pancreas is best exposed by

passing through the gastro-colic ligament; access to the organ through either the

hepato-gastric ligament or the transverse mesocolon is more limited and therefore

less satisfactory.

A pancreatic cyst gives rise to a tumefaction of the abdomen either in the

epigastric or in the umbilical region, depending on whether it pushes the hepato-

gastric ligament before it and develops between the liver and stomach, or whether

it extends forwards below the stomach. In severe contusions of the abdomen the

pancreas may be ruptured against the vertebral column.

Vessels of the Abdomen.—-The commencement of the abdominal aorta and the

coeliac artery are situated two fingers' breadth above the transpyloric plane. The
superior mesenteric artery arises a finger's breadth above the transpyloric plane, the

renal arteries a finger's breadth below it. The inferior mesenteric artery arises mid-

way between the transpyloric and the intertubercular plane—that is to say, about

1 in. above the level of the umbilicus. The abdominal aorta bifvircates in, or a little

to the left of, the median plane, on a level with the highest part of the iliac crest,

and about | in. below the level of the umbilicus.

The inferior vena cava lies immediately to the right of the aorta; its most

important surgical relation is the right ureter, which lies close to its right side.

The common and external iliac arteries may be mapped out by drawing a line,

curved slightly laterally, from a point opposite the bifurcation of the aorta to a

point midway between the superior anterior iliac spine and the pubic symphysis

:

the superior third of this line dorresponds to the common iliac, the inferior two-

thirds to the external iliac.

In ligaturing the common iliac artery, or the superior part of tlie external iliac.
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the close relation of the ureter and the ovarian vessels must be borne in mind, while

in ligaturing the inferior part of the external iliac it is the internal spermatic

vessels and the ductus deferens which have to l)e avoided.

The common iliac veins lie mainly to the right of the corresponding arteries, the

left vein, however, crossing behind the right artery to join its fellow to form the

inferior vena cava.

The fact that tlie left common iliac vein passes behind the right common iliac

artery to reach the vena cava would seem to afford a sufticient explanation for the

much greater frequency with wliich thrond)Osis of the femoral vein is met witli on

the left side as compared with the right side.

The great vessels upon the posterior abdominal wall, along with the adjacent

lymph vessels and glands, lie in the tela subserosa, and therefore within the

general fascial envelope of the abdomen. Abscesses originating from the retro-

peritoneal lymph glands are, therefore, like perinephric abscesses, extra-peritoneal

but intra-fascial ; abscesses of vertebral origin, whether lumbar, iliac, or psoas,

are, on the other hand, extra-fascial. Abscesses connected with the vermiform
process are primarily intra-peritoneal ; occasionally they ulcerate through the

parietal peritoneum and burrow in the extra-peritoneal fat.

THE MALE PEEINEUM.

The male perineum is a heart-shaped space, the osseous boundaries of which are

the same as those which form the inferior aperture of the pelvis. A line drawn
transversely across the perineum between the anterior part of the tuberosities of

the ischium crosses the median plane, immediately in front of the anus, and divides

the space into an anterior or urogenital triangle and a posterior or rectal triangle.

The urogenital triangle is subdivided into a superficial and a deep compartment
by the inferior fascia of the urogenital diaphragm; in the superficial compartment
is the root of the penis, which gives rise to a longitudinal fvdness upon the surface.

Anteriorly, the surface of the urogenital triangle is continued on to the scrotum,

whilst laterally a distinct groove separates it from the medial surface of the thighs.

The central point of the perineum (common tendon of the perineal muscles) is con-

tinuous with the centre of the base of the fasciae of the urogenital diaphragm, and
lies a tinger's breadth in front of the anus. Immediately in front of it, and about

1 in. from the centre of the anus, is the posterior edge of the bulb of the corpus

cavemosum uretbrae. The superficial com'partment of the urogenital triangle is

bounded below by the perineal fascia of Colles, which is attached posteriorly

to the base of the fascia of the urogenital diaphragm, and laterally, on each side,

to the margins of the pubic arch. Anteriorly, the fascia of Colles passes on to the

scrotum, the penis, and spermatic funiculi, to become continuous with the fascia

of Scarpa upon the anterior surface of the abdomen.
When the urethra is ruptured below the inferior fascia of the urogenital

diaphragm, the course of infiltration of the extravasated urine is determined by
these attachments ; at first, therefore, the urine is confined within the superficial

compartment, but gradually travels forwards, under the fascia of Colles, on to the

inferior part of the anterior abdominal wall ; it is prevented from passing into the

front of the thigh by the attachment of Scarpa's fascia to the fascia lata, a little

distal to the inguinal ligament.

The deep compartment of the urogenital division of the perineum corresponds

to the interval between the inferior and superior fascine of the urogenital diaphragm.

The most important structures which this compartment contains are the membranous
part of the urethra, the bulbo-urethral glands, the internal pudendal vessels, and
the artery to the bulb.

The membranous part of the uretbra lies one inch behind the inferior border of the

pubic symphysis. When this division of the urethra is ruptured, the extravasated

urine, after filling the deep compartment, may reach the superficial compartment
by bursting through the inferior fascia of the urogenital diaphragm wliere the

vessels pierce it ; or it may penetrate the superior fascia, infiltrate the perivesical
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connective tissue and the space of Eetzius, and ultimately ascend on the anterior

abdominal wall between the fascia transversalis and the parietal peritoneum.

The bulbo-urethral glands, which lie immediately behind the membranous part of

the urethra, are overlapped by the bulb of the urethra, from which they are separated

by the inferior fascia of the urogenital diaphragm. The internal pudendal

artery hes just within the margin of the pubic arch. The artery to the bulb

runs transversely medially J- in. above the base of the urogenital diaphragm, i.e.

above the level of a line drawn from the front of the tuberosities to the central

point of the perineum.

The male uretbra measures about eight inches from the external to the internal

orifice ; the narrowest portion is at the external orifice ; a second narrowing
occurs at the urogenital diaphragm. It is behind these constrictions that a

calculus is liable to become impacted. The most dependent part of the urethra

is the bulbous portion, and it is in this situation that an organic stricture . is

most frequently met with. The membranous part of the urethra, situated between
the two fasciee of the urogenital diaphragm, is surrounded by the sphincter urethras

membranacese muscle, which, when thrown into spasm, may firmly grip an instru-

ment as it is passed into the bladder. Rupture of the urethra from a fall on
the perineum generally involves the bulbous portion. A false passage made during

the passage of an instrument generally traverses the floor of the urethra at the uro-

genital diaphragm ; to prevent this the point of the instrument should always be
directed upwards, and the handle at the same time depressed as soon as the instru-

ment is felt to encounter the resistance of the inferior fascia of the urogenital

diaphragm. "When the prostate is hypertrophied the prostatic part of the urethra

is elongated, and the internal orifice may look directly forwards, while if the lateral

lobes are unequally enlarged it may deviate laterally. Patients with prostatic

hypertrophy are seldom able to empty the bladder completely, on account of the

dependent well which exists behind the prostate. ^

Cystoscopic Examination of the Bladder.—On making a cystoscopic examina-
tion of the bladder special attention is paid to the trigone, as most of the patho-

logical lesions are associated with this region. At its anterior angle is the internal

urethral orifice, while at its postero- lateral angles are the small oblique slit-like

orifices of the ureters, surrounded by a A^ery slight lip-like elevation of the mucous
membrane. At the base of the trigone the mucous membrane is raised into a

smooth transverse ridge which stretches between the ureteric openings, with a

slight forward convexity. The elevation is caused by a bundle of transverse

muscular fibres, continuous with the longitudinal fibres of the ureters. The
distance of the ureteric orifices from one another is rather more than an inch,

while their distance from the internal urethral orifice is slightly less than an inch.

The urine is ejected into the bladder intermittently at intervals of a minute or

so. During each ejection the ureteric orifice is seen to pucker up, and as it relaxes

the gush of urine takes place in the form of a characteristic whirl "resembhng an
injection of glycerine into water." The mucous membrane of the trigone is closely

connected with the subjacent muscular wall, so that it presents a smooth appear-

ance ; whereas over the rest of the bladder it is thrown into folds owing to the

looseness of the submucous tissue. Further, the mucous membrane of the trigone

presents a pink injection, while over the rest of the bladder it is of a pale straw

colour. This contrast is due to the difference in the arrangement of the. blood-

vessels ; over the trigone they are larger, more numerous, and form a close network
;

hence, when this surface is inflamed, the congested vessels form a continuous vascular

layer. Over the rest of the bladder one sees, here and there in the mucous mem-
brane, small segments of fine vessels giving off a cluster of short branches, the finer

anastomoses of which are not visible when the mucous membrane is healthy.

The form and shape of the trigone in women may be distorted by prolapse of

the bladder, by alterations in the size and position of the cervix, and by the

presence of fibroids. In the male, distortion is usually due either to the enlarge-

ment of the prostate or to disease of the vesicular seminales.

When the normal bladder is comfortably filled, the bladder walls appear
almost smooth, Ijut when the bladder contracts the delicate muscular trabeculse
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become visible tlu'ough the mucous membriine. Wliuii the bladder is hyper-

trophied as the result of urinary obstruction the muscular trabeculae become
greatly hypertropliied, and stand out prominently, even wiien the bladder is full.

The spaces between the trabeculu; may becouK! su deeply pitted as to lead to the

formation of little pockets, known as false diverticula.

THE 1>K0STATE.

The operation of in'ostatectomy has proved so successful in removing

urinary complications associated with enlargement of the prostate that a fresh

impetus has been given to the study of the anatomy of the gland from the surgical

point of view. With the body erect tlie base of the prostate lies in a horizontal plane

at the level of the middle of the symphysis pubis, while its apex lies h in. behind

and below the sub-pubic angle. It follows, therefore, that the vesical orifice and

the base of the prostate are within easy reach of the finger introduced through a

supra-pubic cystotomy incision. The anterior surface of the prostate lies about

\ in. behind the pubes, to which it is connected by the pubo-prostatic ligaments.

Above those ligaments is the space of Retzius, occupied by fatty tissue which

passes upwards in front of the anterior wall of the bladder, between the umbilical

arteries, as far as the umbilicus, while laterally it extends on each side, between the

peritoneum and pelvic fascia, as far back as the hypogastric arteries. The
posterior surface of the prostate is related to that part of the rectal ampulla

immediately above the anal canal, and is therefore accessible to palpation per

rectum. Between the rectum and the posterior part of the sheath of the prostate

(formed by the recto-vesical layer of pelvic fascia) is a loose cellular interval, which

is taken advantage of in the operation of excision of the rectum, and in exposing

the posterior surface of the prostate in the operation of perineal prostatectomy.

The lateral surfaces of the prostate cannot be felt through the rectum ; they are

related to the anterior or pubo-rectal fibres of the levatores ani, from which they

are separated by the lateral portion of the fascial envelope of the gland.

The prostate substance is made up of branching tubular glands supported

by a fibro-muscular stroma. The gland tissue is most abundant in the posterior

and lateral aspects of the organ ; anteriorly the stroma is more abundant and
extends backwards from the capsule to the urethra to form a sort of anterior

commissure. By the term " capstde " of the prostate is understood the immediate

or proper envelope of the gland ; this envelope consists of parallel layers of fibro-

muscular tissue, continuous with, and forming part of, the stroma of the organ. In

some instances it is so thin that the gland tissue reaches almost to its surface,

while in other instances it is so thick as to deserve to be regarded as forming the

cortical portion of the gland. By the term " sheath " of the prostate is meant the

fibrous envelope derived from the pelvic fascia ; the veins of the pudendal plexus

lie between its lamellaj.

In what is known as " senile " hypertrophy of the prostate the organ may be uniformly

enlarged, or the enlargement may iitfect chiefly one or other of the lateral lobes, one

or both of which may enlarge more particularly in an upward direction so as to project

into the bladder. This intra-vesical overgrowth may take the form either of a more or

less pedunculated projection, situated immediately behind the internal urethral orifice, or it

may surround the orifice to form a prominent ring-like elevation. As the intra-vesical

growth enlarges, it makes its way towards the bladder within the ring of the sphincter

vesicae, and, having pushed before, or separated, the internal longitudinal fibres of the

bladder, it comes ultimately to be separated from the cavity of the bladder by mucous
membrane only. In the opei'ation of supra-pubic pi'ostatectomy the true capsule of the

prostate is at once reached by simply tearing through the mucous membrane immediately

behind the vesical orifice. By keeping close to the capsule, the entire organ, including the

capsule, may be enucleated from its sheath. As the latter is markedly thicker and denser

in the hypertrophied than in tlie normal prostate, this enucleation can be accomplished

without injuring the veins of the pudendal plexus. As a rule, the only part where any
difficulty in the enucleation is encountered is anteriorly, where the capsule is more
intimately connected with the sheath by the interposition of a layer of striated longi-

tudinal muscular fibres which pass from the urethra to be continuous with the outer
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longitudinal fibres of the bladder. In " total " prostatectomy, practically the whole of

the prostatic urethra is removed along with the gland. In some instances, instead of

removing the entire prostate and its capsule along with the prostatic urethra, the surgeon,

by working within the capsule, is able to enucleate each lateral glandular mass either

separately or united to its fellow in the form of a horse-shoe shaped mass, the urethra

and the anterior commissure being left more or less intact. The cavity, which is left

behind after the removal of the prostate, at once contracts owing to the approximation of

the bladder and rectum antero-posteriorly, and of the levatores ani at the sides.

In perineal prostatectomy the posterior surface of the prostate is exposed by making a

horse-shoe shaped incision with the convexity reaching forwards to a point imruediately

behind the bulb ; at the sides, the incision sinks into the ischio-rectal fossae, its extremities

ending at the anterior part of the ischial tuberosities (Fig. 1108). After reflecting the skin

and subcutaneous tissue, the incision is carried through the central point of the perineum.

The bulb, the superficial transverse perineal muscles, and the inferior fascia of the

urogenital diaphragm are now drawn forwards, and the fibres of the recto-urethral

muscle (which connect the anterior wall of the rectal ampulla with the sphincter

urethrse) are divided ; this allows the anal canal and the inferior end of the rectum to be

retracted backwards. The dissection is now carried in a forward direction, between

the anterior borders of the levatores ani, towards the prostate, so as to strike the loose

non-vascular space which intervenes between the posterior part of the prostatic sheath and
the thin fascia outside the muscular wall of the rectum. The posterior surface of the

prostate, covered by its true capsule, is reached by incising the fascial sheath. The
prostate, along with its true capsule and the urethra, may either be enucleated entire

from the sheath, or the true capsule may be incised as well as the sheath, and the

adenomatous masses removed separately. The operation is greatly facilitated by pulling

the prostate down into the wound by a special retractor (Young) inserted into the bladder

through a median incision into the floor of the membranous part of the urethra.

The epididymis, which can be felt, as an elongated , curved body applied

vertically to the posterior margin of the testis, is especially involved in gonorrhoeal

and tubercular infections of the testis. Occupying the posterior part of the

spermatic funiculus is the ductus deferens, which, when grasped between the

finger and thumb, feels like a piece of whip-cord. The spermatic veins form a

plexus in the substance of the funiculus, known as the pampiniform plexus ; a varicose

condition of these veins gives rise to the condition known as varicocele. In operating

for varicocele the veins are reached by dividing, in succession, all the coverings of •

the funiculus ; the deepest covering, viz., the internal spermatic fascia, derived from
the fascia, transversalis, forms a well-marked fibrous envelope which immediately
surrounds the veins and other constituents of the funiculus. Besides the internal

spermatic artery,the testis receives its blood supply from the artery accompanying the

ductus deferens and from the external spermatic branch of the inferior epigastric.

The marked swelling which attends oedema and hcematoma of the scrotum is due
to the loose and delicate character of the cellular tissue which occupies the space

between the dartos muscle and the subjacent membrane derived from the inter-

columnar fascia.

The anus is situated in the rectal division of the perineum about 1 ^- in. in front

of and below the tip of the coccyx. The skin around the orifice is pigmented and
thrown into radiating folds. The painful linear crack or ulcer, known as fissure of
the anus, generally occupies one of the furrows at the posterior margin of the

anus. The skin of the anus is provided with large sebaceous and sweat glands,

which are occasionally the site of small and very painful anal abscesses.

On making a rectal examination it will be observed that the finger, before it

reaches the cavity of the rectum, traverses the narrow or sphincteric portion of the

rectum, appropriately named by Symington the anal canal. This canal, which is

directed from below upwards and forwards, extends from the anal orifice to the

ampulla of the rectum ; it is from one to one and a half inches in length ; its

upper end is on a level with the medial borders of the pubo-rectal portions of the

levat(»res ani.

External hcemorrhoids are developed from the anal folds situated outside the
white line corresponding to the muco-cutaneous junction ; internal piles are

developed from the veins of the mucosa at the upper part of the anal canal.
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rectum

Anal canal

Fig. 1107.

—

The Interior ok the Anal Canal and Inferior Part
OF THE Rectum.

In the superior half of the anal canal are the rectal columns of Morgagni. Accord-

ing to Ball, fissure of the anus is generally caused by the tearing downwards of one

of the posterior rectal sinuses (Fig. 1107) during the passage of a scybalous mass.

According to Birniingliaui, the pubo-coccygeal fibres of the levator ani close the

superior part of the anal canal, whilst the external R]ihincter closes the remaining

part. The internal
sphincter, according to

the same author, acts

probably as a detrusor,

its use being to empty
the anal canal completely

after the passage of the

fiecal mass.

Ischiorectal Fossa.

—The apex of the ischio-

rectal fossa (Fig. 1108),

formed by the attach-

ment of the inferior fascia

of the pelvic diaphragm
(anal fascia) to the ob-

turator portion of the

parietal pelvic fascia, is

directed upwards towards

the pelvis, and lies 2i in.

from the surface. The showing the rectal columns of Morgagni and the rectal sinuses between their

medial wall of the fossa inferior ends. The columns were more numerous in this specimen

. , 1 \ 1 ^1 1 ^ than usual. (From Birmingham.)
IS bounded by the levator

ani and coccygeal muscles covered by the inferior fascia of the pelvic diaphragm

(Fig. 1108); the lateral wall by the obturator internus muscle covered by the

obturator fascia. An abscess in the ischio-rectal fossa should be opened early, other-

w-ise it is liable to burst through the medial wall into the rectum ; should it open

also upon the skin surface a complete "fistula in ano " is formed. When a " fistula

in ano " results from the bursting of a submucous abscess of the anal canal the

track of the fistula runs either medial to or through the fibres of the internal

and external sphincter muscles, and the external or skin opening is, as a rule, close

to the anus, while the internal opening is generally within the upper end of the

anal canal. Occasionally the ischio-rectal abscess perforates the levator ani towards

the apex of the fossa ; it then burrows into the peri-rectal cellular tissue of the

pelvis, and opens into the ampulla of the rectum. In other cases, again, the

abscess starts in the peri-rectal tissue internal to the levator ani, and either

bursts into the rectal ampulla or through the levator ani into the ischio-rectal

fossa, and so reaches the surface. Or the pus may burrow between the rectum and

coccyx, whence it may pass outwards through the greater sciatic foramen, behind

the parietal pelvic fascia, into the buttock ; or, by piercing the visceral layer of

the pelvic fascia, may reach the tela subserosa of fatty tissue of the pelvis and

ascend in it to form an iliac abscess.

The li/mph vessels from the skin of the anus pass along the perineo-femoral

folds to the most medial glands of the groin, both superficial and deep subinguinal.

According to Poirier and Cunt^o, those from the region of the white line end in

the hypogastric glands which lie in front of the hypogastric artery, while those

which issue from the mucous membrane of the upper part of the anal canal

and the rectum proper traverse a few minute glands (ano-rectal glands of Gerota)

placed V)etween the muscular and fibrous coats of the rectum, along the superior

hsemorrhoidal vein and its two branches, and pass thence to the sacral glands

which lie internal to the anterior sacral foramina.

Digital Examination of Rectum.—In making a rectal examination the finger

should bo carried forwards from tlio tip of the coccyx so as to enter the anus from behind.

The finger is then gently pressed upwards and slightly forwards through the sphincteric
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region, in the axis of the anal canal, until it reaches the cavity of the rectum, the inferior
part of which is dilated to form the ampulla. The transverse folds of the rectum or
valves of Houston, three in number, project into the cavity of the bowel in the form of

prominent crescentic shelves, which are produced by the three permanent or true flexures
into which the rectum is thrown (Birmingham) ; the inferior valve, which may be
suflicieutly prominent to impede the passage of the finger, must not be mistaken for a
pathological condition. Through the anterior wall the finger can palpate from below up-
wards the bulb of the urethra, the membranous part of the urethra, the bulbo-urethral
glands (when inflamed and enlarged), the apex and lateral lobes of the prostate, the
vesiculfe seminales, and the external trigone of the bladder. With the left forefinger in the
rectum, an instrument passed into the bladder can be distinctly felt as it traverses the mem-

Posterior superior spine

Upper lateral inflexion

Peritoneum (pararectal
fossa)

Superior haimorrhoidal
arterj

Rectum

Sacro-tuberous ligaiueut

Ischio-rectal fossa

Anal canal.^^

Third sacral vertebra

Fourth sacral vertebra
(cut)

Inferior border of
piriformis (cut)

Superior hsemorrhoidal
artery

Lateral inflexion

Coccygeus

Levator ani

External sphincter

Fig. 1108.—The Rectum from behind.

The sacrum has been sawu across through the 4th sacral vertebra, and its inferior part removed with the coccyx.
The posterior portions of the coccygei, levatores ani, and of the external sphincter have been cut away.
The " pinching in " of the inferior end of the rectum by the medial edges of tlie levatores ani, resulting
in the formation of the flattened anal canal, is suggested in the illustration, which has been made from a

formalin-hardened male body, aged thirty. The lateral inflections of the rectum, corresponding to

Houston's rectal valves, are also shown. (From Birmingham.)

branous urethra ; as it lies in the prostatic urethra it is separated from the finger by the
prostate. Hence, when d^falsepassage is made through the bulbous or membranous portion of
the urethra, the instrument, if pushed onwards towai'ds the bladder, will be felt immediately
outside the rectum between it and the prostate. In the child, owing to the rudimentary
condition of the prostate, the instrument is distinctly felt close to the rectum, as it lies in

the prostatic as well as in the membranous portion of the urethra. When the prostate is

not enlarged the tip of the finger can just reach the external trigone, which is most
distinctly felt when the bladder is full. The vesiculse seminales, indistinctly felt when
healthy, may be readily palpated when enlarged and indurated from disease. Through
the side wall of the rectum may be palpated the ischio-rectal fossa, the bony wall of the
pelvis minor, and, when enlarged, the hypogastric lymph glands; through the posterior
wall the hollow of the sacrum and coccyx, and the lymph glands lying in the retro-
rectal cellular tissue.
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In the child rectal examination enables one to palpate, in addition to the structures in the

cavity of the pelvis minor, those whicii occupy the lower segment of the abdomen. When
the bladder is empty even a small calculus can be readily felt by recto-abdominal palpation.

The distance of the apex of the recto-vesical pouch of peritoueuni from the anus

varies considerably, according to the degree of ili.stension of the bladder and rectum
;

when both are empty it reaches to about 2 iu. Ironi the anus; wiu-n both are dis-

tended it is at least one inch higher (Fig. 1108).

Examination by Sigmoidoscope.— In introducing the sigmoidoscope into

the pelvic colon the direction of the anal canal and, the curve of the rectum must
be borne in mind ; as the instrument traverses the anal canal it must be directed

forwards as well as upwards, after which it is pushed onwards, in a backward and
upward direction, towards the hollow of tlie sacrum ; while, finally, in order to

reach the pelvic colon, it is again directed forwards and a little to the left so as to

clear the promontory of the sacrum. The instrument is more difficult to pass in

women, on account of the greater abruptness of the curvature of the sacrum in the

female as compared with the male.

When examined with the sigmoidoscope the mucous membrane of the rectum
is seen to possess a deep red colour, and an excellent view is obtained of the rectal

valves of Houston. The most conspicuous fold, known as the plica transversalis,

projects from the right wall about the level of the recto-vesical peritoneal

reflection, i.e. about three inches from the anus. The highest valve, situated at

the colo-rectal junction, gives rise to a distinct narrowing which must not be

mistaken for a stricture. The pulsations of the left common iliac artery can
generally be seen to be communicated to the postero-lateral wall of the pelvic colon

about four inches from the anus.

Removal of the Rectum.—In removing the rectum and anal canal for

malignant disease, an incision is carried round the anus and then upwards and
backwards over the coccyx and inferior half of the sacrum. The ano-coccyyeal

raphe is divided longitudinally and the coccyx (either alone or along with more or

less of the lower part of the sacrum) is excised by dividing the structures

attached to its margins, viz., the inferior fibres of the glutseus maximus, the

coccygeus, and the sacro-tuberous and sacro-spinous ligaments (O.T. greater and
lesser sacro-sciatic). The parietal pelvic fascia, here very thin and adherent, is

removed along with the bone. The middle sacral artery is ligatured. This is now
seen, stretching across the floor of the wound, a well-defined sheet of fascia, viz.,

the rectal layer of the visceral pelvic fascia, which is divided longitudinally and
stripped to either side off the posterior surface of the rectum ; in doing this the

branches of the middle haemorrhcidal arteries, and, higher up, the two diWsions of

the superior haemorrhcidal are encountered and hgatured. Anteriorly, the anal

canal is detached from the central point of the perineum, after which the anterior

surface of the rectum is freed from below upwards from the urogenital

diaphragm containing the membranous urethra, the posterior surface of the
prostate, the trigone of the bladder and the vesiculae seminales and the ductus
deferentes. This procedure is facilitated by the existence of a cellular interval

between the anterior wall of the rectum and the strong recto-vesical layer of

visceral pelvic fascia, which forms the posterior part of the sheath of the prostate,

and, higher up, encloses the vesicuUe seminales and ductus deferentes. In order

to strike this cellular interspace, the surgeon, after dividing the central point of

the perineum transversely, deepens the incision down to the apex of the prostate.

In tloing this he divides a band of muscular fibres (recto-urethral muscle) which
passes from the anterior wall of the lowest part of the rectal ampulla to blend
with the sphincter urethrje muscle surrounding the urethra at the apex of the
prostate. It is these recto-urethral fibres, which, by pulhng forwards the ampulla,
bring it into close relation with the urethra ; hence it is especially at this stage of
the operation that great care must be taken not to open into the rectum or to

wound the urethra. After exposing the aj^ex of the prostate the next step is to

retract the anal canal well backwards and to define the anterior or pubo-prostatic
borders of the levator ani muscle. These muscles are then divided, on each side,
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a little above their insertion into the rectum. The posterior surface of the prostate,

covered with recto-vesical fascia, is now exposed.

By continuing the separation of the rectum upwards in the cellular plane above

mentioned, the bottom of the recto-vesical poucli of peritoneum is reached ; it can

usually be stripped for some distance off the rectum, without opening into the peri-

toneal cavity. In freeing the rectum laterally, bands of connective tissue containing

branches of the middle and superior haemorrhoidal vessels are divided. If the

tumour is situated at the superior part of the rectum, the recto-vesical pouch of

peritoneum is freely opened in a transverse direction. The colo-rectal junction is

then mobilised by dividing the sacral attachment of the pelvic mesocolon and secur-

ing the superior hfemorrhoidal artery. After dividing the rectum well above the

tumour, the opening into the peritoneal cavity is closed by suturing together the

anterior and posterior walls of the recto-vesical pouch. If a permanent colostomy

has been established, the divided bowel is closed ; if not, a sacral anus is made.

FEMALE PELVIS.

On opening the abdomen by a median incision extending from the umbilicus to

the pubes, and looking into the pelvis minor from above, after displacing some coils

of the small intestine upwards, the fundus of the uterus, directed forwards and
a little upwards, is seen resting upon the superior surface of the bladder. Behind
the uterus is the rectum, and between the two the recto-uterine pouch of Douglas,

containing the pelvic colon and the inferior part of the ileum. The ovary lies a

little below the level of the superior aperture of the pelvis minor upon a triangular

shelf, bounded in front by the broad ligament, behind and medially by the utero-

sacral ligament, and behind and laterally by the pelvic wall. When the vermi-

form process overhangs the superior aperture of the pelvis rninor its tip may come
into close relation with the right ovary, a condition which often leads to a difficulty

in distinguishing an inflammation of that ovary from appendicitis. The round

ligaments ai'e seen passing forwards and laterally from the upper parts of the right and
left borders of the uterus to the abdominal inguinal rings, which lie immediately in

front and to the medial side of the terminations of the external iliac arteries.

Inferiorly and at the medial side of the round ligament, as it leaves the pelvis, is

the inferior epigastric artery. By pulling the uterus upwards the attachments of

the broad ligament to the floor and side walls of the pelvis are brought into

evidence, as also are the utero-vesical and recto-vaginal peritoneal pouches ; the

former is shallow, while the deepest part of the latter covers the upper fourth of

the posterior wall of the vagina, and comes into relation, therefore, with the

posterior fornix.

The utero-vesical peritoneal reflection takes place at the level of the junction

of the body of the uterus with the cervix. The anterior wall of the cervix comes
into relation, therefore, with the superior part of the base of the bladder, from which,

however, it is separated by a layer of loose connective tissue. It is the existence

of this cellular plane which enables the surgeon to separate the bladder readily

from the uterus in the operation of hysterectomy.

While the anterior wall of the vagina is firmly united to the urethra, its

posterior wall, on the other hand, can be readily separated from the rectum, in

consequence of the interposition between the two organs of the recto-vaginal fascia.

The ureter crosses the brim of the pelvis in front of the bifurcation of the

common iliac artery 1^ in. lateral to and a little below the centre of the sacral

promontory. The corresponding point on the anterior abdominal wall is at the

junction of the lateral and middle thirds of a line joining the anterior superior

spines of the ilium.

After crossing the termination of the common iliac artery from lateral to

medial side, the ureter dips vertically into the pelvis minor behind the peri-

toneum covering the hypogastric artery. It then courses medially in the para-

metric cellular tissue below the base of the broad ligamenta. In this position

it lies a little above the lateral fornix of the vagina, about three-quarters of an
inch lateral to the superior part of the cervix uteri ; finally, just before it pierces
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the lateral angle of the bladder, it lies in front of the an tero-lateral aspect of the

upper part of the vaginal wall.

The relation of the pelvic portions of the ureters are of special importance in

the female as their close relation to the cervix uteri and upper part of the vagina

renders them liable to injury, more especially in the operation of hysterectomy

performed for malignant disease of the uterus.

The uterine artery, in the first part of its course, passes downwards and forwards

a little anterior and lateral to the ureter. At the level of the oriticium internum

uteri it takes a medial direction and passes along the inferior border of the broad

ligament, and crosses, above and in front of the inferior part of the ureter, from

lateral to meilial side ; it then passes above the lateral fornix of the vagina and
hually ascends close to the side of the body of the uterus, and ends by anasto-

mosing with the ovarian artery below the isthmus of the uterine tube.

The ovarian artery enters the pelvis minor between the layers of that portion of

the broad ligament known as the ligamentum suspensorium ovarii ; it is here that the

vessel may be most readily ligatured in abdominal hysterectomy, and in ovariotomy.

The lymph vessels from the inferior part of the vagina pass to the superficial

vaginal and sacral glands, while those from the rest of the vagina, from the cervix

uteri and from the body of the uterus, pass to the hypogastric, the external iliac,

and the sacral glands. The hypogastric glands are situated on the side wall of

the pelvis in close relation to the origins of the branches of the hypogastric artery.

The sacral glands form a chain along the medial side of the anterior sacral foramina.

The lymph vessels from the fundus of the uterus, and from the ovary, terminate in

the glands around the aorta.

The external genitals are fully described elsewhere (p. 1324). The external

orifice of the urethra, surrounded by a slight annular prominence of the mucous
membrane, is situated about 1 in. behind the clitoris, immediately above the centre

of the base of the vestibule—a smooth triangular area at the anterior part of the

vulva, with its sides formed by the labia minora and its base by the anterior margin
of the ostium vaginse. In passing a catheter the instrument is directed along

the forefinger (introduced just within the ostium vaginae with the palmar surface

towards the symphysis pubis) to the base of the smooth vestibule, where it is

tilted slightly upwards so as to bring its point opposite the urethral orifice.

The larger vestibular glands, about the size of a bean, are placed on each side

of the posterior third of the orifice of the vagina, below the urogenital diaphragm.

Their ducts, nearly one inch in length, open posteriorly between the hymen and
the posterior commissure (fossa navicularis). Abscesses and cysts not infrequently

develop in connexion with these glands. The bulbs of the vestibule are two piri-

form collections of erectile tissue situated on each side of the vestibule, between
the bulbo-cavernosus muscle and the inferior fascia of the urogenital diaphragm.
Rupture of these bodies gives rise to the condition known as pudendal hematocele.

The cervix uteri projects downwards and backwards into the roof of the vagina

80 as to leave a distinct fornix between the two. The relations of the fornix are of

80 much practical importance tliat for descriptive purposes it is customary to sub-

divide it into an anterior, a posterior, and two lateral portions. The anterior fornix,

which is shallow, is related to tlie base of the bladder and to the utero-vesical pouch
of peritoneum. The posterior fornix, which is deeper, extends upwards for some
little distance in front of the anterior wall of the lowest part of the pouch of

Douglas. The septum between the two is formed merely by the wall of the vagina
;

hence the readiness with which the pelvis may be drained by puncturing it and
pulling a tul)e through the opening from the pelvis into the vagina.

The lateral fornix lies l)elow the medial part of the base of the broad ligament.

An incision carried through it would tiierefore open into the parametric cellular

tissue and would expose the uterine artery as it passes transversely to the uterus,

after crossing above and in front of the lower part of the ureters.

Vaginal Examination.—In making a vayinal examination the patient should be
placed in the dorsal position, with the thighs well flexed ; the index-finger of the right

hand is now carried along the fold of the buttock towards the median plane, where it

will impinge against the posterior aspect of the introitus va^^inae, whence it is inserted
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upwards and backwards into the canal ; to render the examination more thorough the

middle finger also may be introduced. When the uterus is in its normal position the

vaginal part of the cervix uteri is felt as a knob-like body projecting downwards and back-

wards into the upper part of the canal. In nullipara) the orificium uteri externum is a small

transverse slit, whereas in women who have borne children it is larger and more or less

fissured. Above and behind the cervix is the posterior fornix, which is in close proximity to

the recto-uterine pouch of Douglas ; this pouch, though normally empty, is the frequent

site of displaced abdominal and pelvic organs, and collections of iiitra-peritoneal effusions

and exudations. A loaded rectum can be detected through the vagina by the characteristic

way in which the contents can be pitted by the finger. In front of the cervix is the shallow

anterior fornix, through which may be felt the body of the uterus and the base of the

bladder, while through the inferior half of the anterior vaginal wall the urethra may
be detected as a cylindrical, cord-like thickening which may be rolled against the inferior

border of the symphysis. The ureter, especially if enlarged, can be recognised through
the antero-lateral fornix, by compressing it against the pubic bone.

By the bimanual examination the pelvic organs are steadied and pushed downwards
towards the inferior aperture of the pelvic by the pressure of the left hand applied in the

hypogastric region, so that they can be more readily reached and palpated by the finger

placed in the vagina with its palmar aspect directed upwards. The ovary may be felt as

a firm body about the size of the end of the thumb by pushing the fingers well up into

the lateral fornix towards the side wall of the pelvis. In health the ovaries are freely

movable. The healthy uterine tubes cannot, as a rule,, be felt per vaginam.

Examination of Interior of Bladder.—The whole of the interior of the bladder

in the female can be readily seen by reflecting light into it through a speculum introduced

into the empty bladder after dilating the urethra. The patient is placed in the genu-

pectoral position, so that the bladder may become inflated with aii", the coils of intestine

being displaced upwards. In the distended condition of the bladder the mucosa has a dull

white or straw-coloured appearance, except in the region of the trigone, which shows a pale

pink injection. The ureteral orifices placed a little moi'e than one inch apart and con-

nected by a slight transverse ridge (inter-ureteric fold), present the appearance of fine

oblique slits situated upon small and somewhat injected elevations of the mucosa.

Rectal Examination.—By rectal examination the finger can palpate, from below

upwards, the recto-vaginal septum, the cervix uteri, the posterior fornix of the vagina,

the apex of the recto-uterine pouch of Douglas, and the body of the uterus. By washing

out the rectum and introducing a speculum into the bowel, with the patient in the genu-

pectoral position, the rectum becomes inflated with air ; the finger can now feel very

distinctly the posterior surface of the uterus and the uterine tubes, and by running the

finger laterally, along the prominent fold formed by the utero-ovarian ligament, the ovary

is also very distinctly felt.

THE BACK.

Median Line of the Back.—In the median line of the back is the vertebral

furrow, which is deepest in the inferior thoracic and superior lumbar regions, where
the sacro-sx-)inales muscles are most prominent. Over the superior sacral region,

where the sacro-s^jinales muscles are tendinous, is a flattened area forming an equi-

lateral triangle, the angles of which correspond respectively to the posterior superior

spines of the two iliac bones and the third sacral spine. The vertebral spines can be

palpated at the bottom of the vertebral furrow ; they become more distinct when the

vertebral column is flexed, and, as pointed out by Holden, they become mapped out by
reddened areas when friction is applied along the furrow. The identification and
counting of the spines will be facilitated if it is remembered that the first thoracic

is more prominent than the vertebra prominens (seventh cervical), that the third

thoracic is on a level with the root of the spine of the scapula, the seventh thoracic

its inferior angle, the fourth lumbar with the highest part of the iliac crest, and
the second sacral with the posterior superior iliac spine.

Lateral Region of the Back.—Above the spine of the scapula is the supra-

scapular region, which is padded by a thick mass of muscle consisting of the supra-

spinatus and levator scapulae, covered by the superior part of the trapezius ; the

two latter muscles may be thrown into relief by shrugging the shoulders.

In the interscapular region are the rhomboid muscles which are thrown into

prominence by bracing back the shoulders.
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Below the inferior angle of the scapula the last five ribs can readily be felt

lateral to the sacro-spinales muscle ; wlien the twelfth rib does not reach beyond
this muscle, the eleventh rib will be mistaken for it, unless the ribs are counted

from above downwards.
The inferior border of the trapezius is indicated by a line extending upwards and

laterally from the Lwelflh tiioracic spine to the rocjtof the spine of the scapula ; the

superior border of the latissimus dorsi l)y a line extending from the sixth thoracic spine

transversely laterally across tlic angle of the scapula, lietween these two muscles and
the inferior part of the vertebral margin of the sca])ula is a triangular area, the floor

of which is formed by the rhomboideus major muscle and the sixth costal interspace.

The lateral border of the sacrospinalis is indicated on the surface by drawing a

line from a point on the iliac crest 'Sh in. (four fingers' breadth) from the median line,

upwards and slightly laterally to the angles of the ribs. The lateral Ijorder of the

quadratus lumborum, which passes upwards and slightly medially, lies a little lateral to

that of the sacrospinalis at the crest, and a little medial to it at the twelfth rib.

The anatomy of the muscles and fasciai which complete the abdominal wall

between the last ril) and the iliac crest is of great importance in connexion with
operations in the region of the loin. The space between the last rib and the iliac

crest varies greatly according to the length of the rib, and according to the general

shape of the chest and slope of the ribs as a whole. As a rule, the tip of the

twelfth rib lies about two inches vertically above the centre of the iliac crest.

From a surgical point of view the costo-iliac space may be said to be limited medially

by the lateral edge of the sacrospinalis, and, more deeply, by the tips of the trans-

verse processes of the lumbar vertebrae, while laterally it is bounded by the posterior

free border of the external oblique, and, more deeply, by the line of reflection of the

peritoneum from the colon on to the side wall of the abdomen. The space is

roofed over by the latissimus dorsi, except below, where a narrow triangular interval

is left between its lateral border and the posterior border of the external oblique,

the base of the triangle being formed by the crest of the ilium, a little behind
its centre. This triangle, known as the lumbar triangle of Petit, represents a weak
area through which a lumbar abscess may come to the surface, and through which a

lumbar hernia occasionally develops. On removing the latissimus dorsi and the lower

part of the thin serratus posterior inferior, another triangle will be exposed, which
constitutes a second weak area in the loin ; it is bounded above by the last rib, medially

by the lateral border of the sacrospinalis, and laterally by the posterior muscular fibres

of the internal oblique ; the floor of the triangle is formed by the aponeurosis of

origin of the transversus abdominis muscle. At the lateral border of the quadratus
lumborum this aponeurosis splits into three layers to form two compartments, the

anterior enclosing the quadratus lumborum and the posterior the sacrospinaKs.

Kidneys.—The superior limit of the kidney is indicated by a line drawn trans-

versely across the loin opposite the eleventh thoracic spine, the inferior limit by a

line on a level with the third lumbar spine. The superior extremity reaches to the
eleventh rib ; the lower, which lies immediately lateral to the tip of the transverse

process of the third lumbar vertebra, reaches to within H to 2 in. of the crest of the
iHum. About a third of the kidney lies above the inferior margin of the twelfth

rib. The left kidney usually lies about | in. higher than the right. The most
lateral point of the lateral border lies 4 in. from the median plane, while the hilum
lies 1^ in. lateral to the median plane in front of the interval between the tips of

the transverse processes of the first and second lumbar vertebra?.

The psoas major muscle intervenes between the postero-medial surface of the
kidney and the transverse processes, and protects the organ from injury by a blow
directed from the front. Between the superior end of the kidney and the eleventh
and twelfth ribs is the diaphragm and the posterior costo-diaphragmatic reflection

of the pleura (Fig. 1110). The relations of the pleura to the last rib have already
been considered (p. 1401).

Posteriorly the course of the superior part of the ureter may be indicated by a
line drawn vertically upwards from the superior posterior iliac spine to the level of

the second lumbar spine ; the deep guides are the tips of the transverse processes
of the second, third, and fourth lumbar vertebra?, covered by the psoas major muscle.
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Exposure of Kidney from behind.—In exposing the kidney from the loin,

by a vertical incision between the lateral border of the sacrospinalis and the free

posterior border of the external oblique muscle, the following structures are

divided from without inwards :—(1) the integuments
; (2) the lower fibres of the

latissimus dorsi and serratus posterior inferior muscles
; (3) the middle layer of the

lumbar aponeurosis, just lateral to the sacrospinalis compartment, and parallel to the

lateral fibres of the quadratus lumborum muscles
; (4) the anterior layer of the lumbar

aponeurosis (which forms the aponeurotic origin of the transversus muscles), and the

transversalis fascia
; (5) the paranephric fat

; (6) the perinephric fascia
; (7) the

perinephric fat surrounding the true capsule of the kidney. The kidney may be

readily mobilised and brought to the surface by shelling it out of its fatty capsule

Rib IX

Rib X

Rib XI

Descending colon

Rib IX

Rib X

Rib XI

Ascending colon

FlO. 1109.—DiSSFXTION OK THE SpLEEN, LIVEK, AND KlDNKVS FROM BEHIND, IN A SUBJECT HARDENED BY
Formalin Injection. (From Ciuniingliani.)

with the finger. I^etter access to the renal vessels can be obtained if the incision is

made a little nearer the median plane, so as to open into the sacrospinalis compart-
ment. This allows of the muscle itself being retracted medially more efficiently.

In exposing the kidney by an oblique incision in the loin, the latissimus dorsi

and serratus posterior inferior muscles are divided at the medial part of the

wound, while at its lateral part the posterior fibres of the external and internal

oblique muscles are divided ; next, the aponeurotic origin of the transversus

muscle and the transversalis fascia are split so as to expose the extra-peritoneal

fat and the peritoneum, as it is reflected from the ascending colon on to the

lateral aspect of the abdominal wall. The latter structures are then stripped

forwards and medially off the anterior surface of the kidney, until the hilum and
renal vessels are reached. The sacrospinalis and quadratus lumborum muscles
are retracted well medially, and it is often necessary to divide the lateral fibres

of the quadratus muscle.
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The upper part of tlie ureter is exposed by extL-ndiug tlie division oi' the

abdominal muscles still further downwards and forwards into the iliac region.

After stripping the peritoneum off the quadratus and psoas muscles, the ureter

will be found to cling to the deep surface of the memlnane. Care is taken not
to injure the internal spermatic or ovarian vessels, which cross the ureter super-
ficially, and from the medial to the lateral side. The ureter is surrounded by a
quantity of loose cellular tissue, and, owing to an abundance of elastic fibres in its

adventitious coat, is very elastic, so that it can be readily pulled up to the surface.

To deliver an enlarged kidney out of the loin, ifc is generally necessary to

prolong tlie incision u})wards so as to divide the lateral lumbo-costal arch ; and
it may be necessary to divide, fracture, or resect the twelfth rib also. In doing
this it is not always possible to avoid opening into the lowest part of the pleural

sinus, whicii descends in front of the medial half of the rib.

In operating on the kidney, the last thoracic, and the ilio-hypogastric and
ilio-inguinal nerves, which lie between it and the quadratus lumborum, must not
be injured ; the last thoracic nerve should be retracted upwards and laterally,

the other two downwards and medially.

A needle passed through the medial extremity of the eleventh intercostal

space will transfix the suprarenal gland.

The pus of a perinephric abscess occupies the fatty layer of the tela subserosa

(perinephric fat), and lies, therefore, within the fascial envelope of the abdomen
;

the pus in a psoas abscess, on the other hand, lies external to the fascia. In
opening a psoas abscess from behind, a vertical incision is made in the angle
formed by the lateral border of the sacrospinalis and the crest of the ilium ; in

the deeper part of the dissection the surgeon should keep close to the front of

the transverse process of the fourth lumbar vertebra.

Diaphragm, Liver, Stomach, and Large Intestine.—Posteriorly the right

arch of the diaphragm and the right lobe of the liver extend upwards to the level

of the angle of the scapula (eighth ril)), while the left arch and the fundus of the
stomach lie one inch lower (eighth interspace) ; the central tendon reaches up to

the eighth thoracic spine. The right lobe of the liver is covered posteriorly by
the eiglith to the twelfth ribs, and is overlapped by the base of the right lung as
far as a line drawn horizontally laterally from the tenth thoracic spine; hence,
posteriorly, the superior limit of the liver cannot be defined by percussion, and its

inferior limit merges into the dulness of the loin muscles and kidney.
The cardiac orifice of the stomach lies one inch to the left of the ninth thoracic

spine. The cardiac portion, overlapped by the ninth to the twelfth ribs, extends
upwards to the level of the eighth thoracic spine, one inch below the inferior

angle of the scapula. The pyloric portion crosses the median plane opposite the
first and second lumbar spines, the pylorus itself being situated one inch to the
right of tlie first lumbar spine. The lesser curvature lies to the left of and below
the tenth, eleventh, and twelfth thoracic spines.

Viewed from behind, the large intestine, on both sides, overlaps the lateral

border of the kidneys and lies parallel to the lateral border of the sacrospinalis

muscles. The peritoneum is reflected from the colon on to the posterior abdominal
wall along a line drawn vertically upwards from the centre of the iliac crest. The
left flexure of the colon, which reaches up to the level of the twelfth thoracic spine
and the tenth rib, lies about five inches above the iliac crest. The right flexure

lies on a level with the first lumbar spine.

Spleen.—The spleen, situated in the left hypochondrium, behind the cardiac end
of the stomach, is overlapped by the ninth, tenth, and eleventh ribs, the long axis
of the organ corresponding approximately to that of the tenth rib. Between the
superior third of the spleen and the chest wall (pleura and diaphragm intervening)
is the base of the left lung, the inferior margin of which cresses the organ horizont-
ally at the level of the tenth thoracic spine. The costo-diaphragmatic reflection of
the pleura reaches down as far as the inferior angle of the spleen. The superior
limit of the organ cannot therefore be defined by percussion ; and unless enlarged,
or displaced downwards, the spleen cannot be punctured from behind without travers-
ing the pleural as well as the peritoneal cavity.
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Of the three angles of the spleen, the 'posterior or vertebral lies at the same level

as the inferior margin of the lung, li in. lateral to the tenth thoracic gpine. The

Fig. 1110.—Postehiuk Aspkct ok Tkunk, sHuwiMi Sukfack Toput.KAi'iii of Viscera.

P. Panci'eas.

PL Pleura.

D.C. Descending colon.

A. C. Ascending colon.

R. Rectum.

T. Trachea.

A. Aorta.

L.L. Left lung

R.L. Right lung.

St. Stomach.

Sp. Spleen.

L. Liver.

S.R. Suprarenal gland.

L.K. Left kidney.

R. K. Right kidney.

inferior angle lies opposite the eleventh intercostal space on a level with the first

lumbar spine, in a line drawn vertically upwards from a point one inch behind the
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centre of the iliac crest. This angle is situated l)ehind the superior part of the

descending colon, iumiediately lateral to the middle of the lateral border of the

kidney. The anterior angle is at the level of the ninth interspace in the mid-

axillary line. Having placed a mark on the skin opposite these three angles the

organ is mapped out on the surface as follows :—The posterior margin is obtained

by joining the posterior and inferior angles ; this margin, which gives the key to

the position of the spleen, will be found to follow the tenth intercostal space.

The short inferior margin corresponds to a line joining the anterior and the

Oblique fissure of lung

Superior lobe of lung
Cut surface of base of lung

Spleen

Greater omentum

Section of tenth rib opposite costo-

diaphragmatic reflection of the pleura
(indicated by dotted line)

Fig. 1111.

—

Dissection ok the Left Hypochondku.m to show the Relations of the Spleen to the
Side Wall ok the Chest, the Diaphkac;.m, and the Adjacent Viscera. In addition to the
portions of ribs, there has been removed a part of the base of the left lung, and a window has been made
in the diaphragm almost down to the level of the costo-diaphragmatic retfection of the pleura.

inferior angles ; it is related to the left flexure of the colon. Commenciug at
the vertebral angle, the anterior margin is at first arched, the summit of the arch
reaching to the level of the upper border of the ninth rib in the scapular line

;

thence it is continued downwards and forwards across the posterior axillary line
as the " anterior crenated border " to the anterior angle. The upper arched portion
lies parallel to and about one inch below the highest part of the fundus of the
stomach. The only parts of the splenic outline which can be defined by percus-
sion are the lower crenated-part of the anterior margin, the anterior angle, and the
short postero-inferior or colic border ; and it is these parts which may be felt below
the costal margin when the organ is considerably enlarged.

92
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In excising the spleen it is important to remember that the splenic vessels lie

between the two layers of the lieno-renal ligament, and not in the gastro-lienal

ligament, which contains the short gastric vessels. In a floating spleen these two
peritoneal ligaments are elongated to form a distinct pedicle.

Pancreas.—The head of the pancreas lies opposite the last thoracic and first

lumbar spines ; the tail lies at the same level as the left flexure of the colon, a

little above the inferior basal angle of the spleen.

Table indicating the Level of the more important Structures in

RELATION TO THE SpINES OF THE VeRTEBR^.

Spines of Vertebrae.

1 Cervical

2

3

4

5

1 Thoracic

,

10 „

11

12

Origins of Spinal Nerves.

2 Cervical

Sand 4
5

6

7

1 and 2 Thoracic

3 „

4

5 and 6

9 „

10 „

11 „

12 Thoracic and 1 Lumbar

2 Lumbar

3 and 4

], 2, 3 Sacral

Level of other Structures.

Soft palate.

Isthmus of fauces.

Upper jjart of epiglottis.

Vocal folds (O.T. cords).

Conus elasticus.

/Arch of thoracic duct.

I Commencement of trachea and oesophagus.

/"Inferior end of cervical enlargement of

) spinal medulla.
i Inferior cervical ganglion of sympathetic.
l.Apices of lung.

Summit of arch of subclavian artery,

rMedial angle of scapula.

I Just above level of highest part of arch of

j
aorta.

VJiigular notch. ,-

Root of sjsine of scapula.

Arch of vena azygos.

Highest part of inferior lobes of lungs.

Termination of arch of aorta.

Bifurcation of trachea.

Lower limit of superior mediastinum.
'^Angulus sterni.

/'Commencement of descending thoracic

I
aorta.

"I

Bronchi.

ISuperior limit of heart.

(Centre of root of lung.

I Mitral orifice.

Tricuspid orifice.

(Inferior angle of scajjula.

Orifice of inferior vena cava.

Right arch of diaphragm.
^Lowest limit of heart.

J Left arch of diaphragm.

j
Fundus of stomach.
IXiphi-sternal articulation.

Su2)erior limit of spleen.

Cardiac orifice of stomach.
Uj^jjer end of lumbar enlargement.
Lower border of lung, posteriorly.

Vertebral angle of spleen (apex of spleen).

Suj^erior end of left kidney.

Lesser curvature of stomach.
'Lower limit of pleura at vertebral column.
Siqierior end of I'ight kidney.
Suprarenal gland.

Body of pancreas.

^Lesser curvature of stomach.
/"Level at which jjleura crosses twelfth rib.

Inferior end of spleen.
J. Left flexure of colon.

Superior part of head of pancreas.

IPylorus and pyloric portion of stomach.
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Table indicating the Level of the more important Structures in

RELATION TO THE SPlNES OF THE VERTEBRAE

—

Continued.

Spines of Vertebrae. Origins of Spinal Nerves. Level of other Structures.

^CoiiiLs iiiedullaris.

Lower limit of pleura (iui<l-a.\illary line).

Hila of kidney.s.

Head of jjancreas.

1 Lumbar . 4 and 5 Sacral . • Right flexure of colon.

Portal vein.

Descending part of duodenum.
Greater curvature of stomach.

^Bile-duct.

JCommencement of ureters.
"

^^ Lowest part of head of pancreas.

[Inferior limit of .spinal medulla in child.

. - Inferior ends of kidneys.

I Horizontal part of duodenum.
(Highest part of crest of ilium.

Bifurcation of aorta.

Umbilicus.

( Common iliac arteries;.

\ Valve of the colon.

1 Sacral Sacral promontory.
2 „ Lower end of sub-dural space.

3

5

( Superior end of gluteal cleft.

J Tiifcrinr limit nf siil>-nraf>bTi3 .,

-J

Inferior limit of sub-arachnoid and sub-

t dural spaces.

Spinal Medulla.—The spinal medulla ends opposite the inferior border of the

first lumbar spine ; in the infant it reaches to the interval between the second and
third lumbar spines. The cervical enlargement, which corresponds to the lower four

cervical and the first two thoracic segments, ends opposite the seventh cervical

spine. The lumbar enlargement lies opposite the last three thoracic spines. The
five lumbar segments are opposite the ninth, tenth, and eleventh thoracic spines,

while the five sacral segments extend from the lower border of the eleventh
thoracic to the lower border of the first lumbar spine.

The sub-dural space extends down to the level of the second sacral spine. In
performing the operation of lumbar -puncture (Quincke) a fine trochar and cannula
are introduced into the sub-arachnoid space below the level of the spinal medulla,

the puncture being made ^ to i in. to one side of the interspinous ligament in the
interval Vjetween the third and fourth or fourth and fifth lumbar spines. The
instrument should be directed medially towards the median plane and very slightly

upwards. In the adult the distance of the dura mater from the surface is about
2 iu., in the infant f in.

Fracture-dislocations of the vertebral column are commonest in the lower cervical

and thoracico-lumbar regions ; that is to say, where the movable cervical and lumbar
regions join the more fixed thoracic region. The vertebral column above the
injury is generally displaced forwards, so that the spinal medulla is often severely

lacerated or completely torn across by the superior end of the portion of the column
below the fracture. It is important to remember that in consequence of the short-

ness of the spinal medulla as compared with the vertebral column, the origins of

the spinal nerves are at a higher level than their exits from the vertebral canal.

The distance between origins from the spinal medulla and exits through the
intervertebral foramina becomes greater the further down the nerves are, the
lowest nerve trunks running almost vertically downwards. The cervical nerves
leave the vertebral canal above Xhy vertebra? after which they are named (except
the eighth, which is above the first thoracic vertebra); the thoracic, lumbar, and
sacral nerves, on the other hand, leave the canal bdow the correspondingly named
vertebrae.
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To understand the effect of lesions of the spinal medulla, it is necessary to be familiar

witli tlie sensory and motor distributions of the various spinal segments (see Figs. 609,

p. 693, and 607, p. 688). Transverse lesions of the spinal medulla above the fifth cervical

spine (that is, above the fibro-cartilage between the fourth and fifth cervical vertebrae)

are quickly fatal, owing to paralysis of respiration, as the phrenic nerve arises mainly

from the fourth segment. In transverse lesions of the cervical enlargement the cutaneous

insensibility does not extend higher than a transverse line at the level of the second

intercostal space. The diagnosis of the particular segment involved is arrived at by
testing the motor and sensory functions of each segment. The sensory areas cor-

responding to the loiver four cervical and the first ttvo thoracic segments occupy the

upper extremities, and are placed in numerical order from the lateral to the medial side

of the limb. The sensory area corresponding to the second, third, and fourth cervical

segments occupy the occipital region of the scalp, the back of the auricle, and the

masseteric region, the whole of the neck, and the shoulders and upper part of the

chest down to a horizontal line at the level of the anterior end of the third intercostal

space. In a total transverse lesion of the spinal medulla in the thoracic region, the

superior limit of the anaesthesia is horizontal, and reaches to the level of the termina-

tions of the anterior rami of the spinal nerves which arise from the spinal segment

opposite the vertebral injury. Hence the superior limit of the anaesthesia is at a much
inferior level than that of the injured vertebra. For example, a fracture-dislocation at the

level of the eighth thoracic vertebra involves the origin of the tenth thoracic nerve which

ends at the level of the umbilicus. The sensory zone corresponding to the fifth thoracic

segment is at the level of the nipples, that of the seventh thoracic segment is at the level

of the xiphoid process, that of the tenth at the level of the umbilicus, while that of the

twelfth reaches down, anteriorly, to the superior border of the symphysis. The sensory

areas corresponding to the lumbar and sacral segments are seen in Figs. 627, p. 725, and

629, p. 733.

THE UPPEK EXTEEMITY.'

THE SHOULDER.

The bony landmarks of the shoulder must be systematically examined in all

injuries about that region. The medial extremity of the clavicle is prominent ; its

articulation with the sternum forms essentially a weak joint, which is liable to be

dislocated, especially from blows upon the lateral part of the shoulder which drive

the medial end of the clavicle forwards against the weak anterior sterno-clavicular

ligament. The body of the clavicle, subcutaneous throughout, is weakest at the

junction of its two curves ; it is in that region that the bone is so frequently

fractured as the result of force transmitted through it to the trunk. The dis-

placement of the lateral fragment varies according to whether the break takes

place medial or lateral to the coraco-clavicular ligament ; in the former case the

weight of the upper extremity, acting through the coraco-clavicular ligament,

pulls the lateral fragment downwards ; when the fracture is lateral to the ligament,

the lateral end of the clavicle rotates forwards, but there is no downward displace-

ment. The lateral end of the clavicle is on a plane posterior to its medial end, so

that the shoulder is braced backwards away from the thorax ; hence in fractures

of the clavicle, both medial and lateral to the coraco-clavicular ligament, the point

of the shoulder rotates forwards and medially. The acromio- clavicular articulation

is somewhat difficult to feel ; the groove which corresponds to it runs in the sagittal

direction, and lies 1^ in. medial to the lateral border of the acromion, and im-

mediately lateral to a slight prominence upon the lateral extremity of the clavicle.

When the acromio-clavicular joint is dislocated the clavicle almost invariably over-

rides the acromion, and the summit of the shoulder presents a somewhat conical

or "sugar-loaf" appearance.

The tip of the acromion looks directly forwards, and lies a finger's breadth

lateral to and a little in front of the lateral extremity of the clavicle. The lateral

border of the acromion can readily be followed to its junction with the spine of the

scapula, and the latter to its root, which is situated on a level with the third

thoracic spine. The medial border of the acromion and the posterior border of the

lateral end of the clavicle meet at an angle into which the point of the finger can
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be pressed. The medial angle of the scapula, covered by tlie trapezius and the

supraspinatus muscles, is too deeply phiced to 1)6 palpated distinctly. The inferior

angle, and the vertebral border, from the root of the spine downwards, form visible

prominences which are readily felt; the iuferi(jr an^de overlies the seventh inter-

costal space on a level with the seventh thoracic spine, while the vertebral border

lies a little medial to the angles of the ribs.

To elicit crepitus in a tnuisverse fracture of the scapula below the spine, the surgeon

stands behind the patient luid ^rasp.s the upper fra<^nient by placing the forefinger upon

the coracuid and the thuuib upon the spine, wiiile, with the other hand, he grasps the

inferior angle ; the two fragments arc then moved the one upon the other.

The tip of the coracoid process may be felt by pressing the finger firmly upon the

anterior border of tlie deltoid at a point one inch below the junction of the middle

and lateral thirds of tlie clavicle. Medial to the coracoid is a triangular depres-

sion which corresponds to the superior end of the interval between the clavicular

fibres of the pectoralis major and deltoid muscles. Behind this triangular depres-

sion are the termination of the cephalic vein, a lymph gland, the first part of

the axillary vessels, and the cords of the brachial plexus. By firm pressure in this

situation the pulsation of the axillary artery can be felt, and by further pressure

the circulation in the vessel can be arrested by compressing the artery against the

second rib. The first part of the axillary artery may be cut down upon either by

a transverse incision through the clavicular origin of the pectoralis major, or by a

longitudinal incision in the interval between that muscular slip and the deltoid.

The companion vein lies in front of, as well as to the thoracic side of, the artery,

thus adding to the difficulty of exposing the vessel. In fractures of the middle

third of the clavicle the subclavian vessels are protected by the soft pad formed by
the subclavius muscle.

The proximal extremity of tlie humerus, covered by the deltoid, gives rotundity

to the shoulder. The greater tubercle projects beyond the acromion, and constitutes

the most lateral bony landmark of the shoulder. When the head of the bone is

dislocated, the lateral border of the acromion then becomes the most lateral bony
landmark, and the shoulder presents a square contour. The lesser tubercle, small

but conical, can be felt through the deltoid. Pointing directly forwards, it lies one
inch lateral to and a little below the level of the tip of the coracoid process. In
examining the proximal extremity of the humerus for fracture, the tubercles

should be grasped between the finger and thumb of one hand, while the flexed

elbow is rotated wijih the other hand. The head of the humerus has the same
direction as the medial epicondyle ; its distal part can be palpated through the

axilla, the arm being meanwhile abducted, to bring the head in contact with the

inferior surface of the capsule. It is through this, the weakest part of the capsule,

that the head is driven in the common varieties of dislocation of the shoulder,

viz., those due to forcible abduction. The proximal epiphysis of the humerus in-

cludes the head and the greater part of the tubercles. The capsule is attached
mainly to the epiphysis ; hence, in children, we find that separation of the
proximal epiphysis takes the place of dislocation. Disease in the proximal end
of the diaphysis does not necessarily involve the cavity of the joint. The inter-

tubercular suicus of the humerus, which lies immediately lateral to the lesser

tubercle, may l)e mapped out upon the surface by drawing a line, two inches in

length, distally along the axis of the humerus from the tip of the acromion.
When there is effusion into the joint, the arm becomes slightly abducted, and
there is fulness in front, along the line of the long tendon of the biceps. With
the elbow at the side the lower part of the capsule of the shoulder-joint is loose

and folded upon itself to form a dependent pocket ; if, after an injury, the arm
is retained too long in this position, the patient may be unable to abduct the arm,
in consequence of the formation of adhesions in and around the pouch. To
evacuate pus from the shoulder- joint,' the integuments, deltoid, and capsule
should Ite cut into by an incision passing vertically and distally from the tip of the
acromion.
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THE AXILLA.

The anterior fold of the axilla, formed by the inferior border of the pectoralis

major, extends from the fifth rib to the middle of the anterior border of the deltoid.

With the arm abducted, the interval between the sternal and clavicular fibres of

the pectoralis major is indicated by a slight groove extending distally and
laterally from the medial end of the clavicle. The sternal fibres, along with the

pectoralis minor, are removed in a complete operation for malignant disease of the

breast, the pectoral branches of the thoraco-acromial artery being secured as they
cross the interval between the sternal and clavicular portions of the greater pectoral.

The posterior fold of the axilla, formed by the latissimus dorsi and the teres major
muscles, is on a lower level than the anterior fold, and leaves the chest a little in

front of the inferior angle of the scapula. Between the two folds, and running in

the long axis of the limb, from the axilla to the middle of the arm, is the prominence
of the coraco-brachialis muscle. The pulsations of the third part of the axillary-

artery may be felt in the furrow, immediately behind this prominence, at the

junction of the anterior and middle thirds of the lateral wall of the axilla.

Female Mamma.—The breast tissue proper is arranged to form a central

portion, the corpus mammce, and a peripheral portion, made up of branching

processes which radiate into the paramammary fat and become continuous

ultimately with the connective tissue septa of the subcutaneous fatty tissue. The
mamma, therefore, has no distinct capsule. In the young adult nullipara, the

corpus mammae is compact and well defined, and contains- but little intramammary
fat, while the peripheral processes are relatively* small. In multipara, the corpus

mammse contains more fat, and the peripheral processes extend more widely into

the paramammary fat.

The arrangement and extent of the parenchyma can be well seen by treating the breast with
a 5 'per cent, solution of nitric acid.. If slices of the fresh organ are placed in this solution for a

few minutes and then washed under running water, the albumen of the epithelial cells of the
parenchyma is coagulated, while the connective tissue is rendered translucent and somewhat
gelatinous. The ultimate lobules of th.% j)(('i'enchyma now appear as little (1 to 2 mm.), dull, opaque,
white, sago-like bodies, arranged in grape-like clusters around the finer branches of the ducts.

The parenchyma is prolonged into the peripheral processes, into the suspensory

ligaments of Cooper, and into the loose retromammary cellular tissue and pectoral

fascia. The breast tissue, therefore, has a much wider distribution than was
formerly supposed. Vertically, it extends from the second rib to the sixth costal

cartilage at the angle where it begins to ascend towards the st&rnum .; horizontally,

from a little medial to the lateral border of the sternum, opposite the fourth rib, to

the fifth rib in the mid-axillary line. The medial hemisphere of the mamma rests

almost entirely on the pectoralis major ; at its lowest part it slightly overlies the

upper part of the aponeurosis covering the rectus abdominis muscle. The superior

quadrant of the lateral hemisphere rests upon the greater pectoral, on the edge of

the lesser pectoral, and to a slight extent on the serratus anterior, upon which
it extends upwards into the axilla as high as the third rib, where it comes into

relation with the thoracic group of axillary lymph glands. The remainder of the

lateral hemisphere rests almost entirely upon the serratus anterior, except the

lowest part, which overlaps the digitations of the external oblique arising from

the fifth and sixth ribs. It follows, therefore, that fully one-third of the whole

mamma lies inferior and lateral to the axillary harder of the pectoralis major

muscle. The surgeon must cut beyond the above limits if he wishes to remove the

whole of the mammary tissue.

The a.xillary fascia resists the spontaneous rupture of an axillary abscess, which,

therefore, tends to spread upwards beneath the pectorals, and towards the root of the

neck. To open the abscess the incision should be made upon the medial wall, behind,

and parallel to, the lateral thoracic artery, which runs under cover of the anterior fold.

The axillary lymph glands vary greatly in size and number ; many are no larger than

a pin's head. In tlie female some of them undergo an adipose functional involution,

whereby they come to resemble fat lobules. In health, one or two glands can usually be

felt by thrusting the fingers upwards and medially beneath the anterior fold, the arm
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being only slightly abducted, so as not to stretch the axillary fascia. The central group
(Leaf), imbedded in the fat immediately beneath the axillary fascia, become inflamed in

poisoned wounds of the upper extremity. The sjime group, along with the pectm-al grov/p
(related to the medial wall of the axilla, at the inferior border of the pectoralis minor), are
usually the first to become diseased in malignant affections of the breast. When the
disease is more advanced t\\e posterior (subscapular) and tlie ajyical (subclavicular) groups
are generally attected as well ; and Rotter has shown that in a considerable porportion of
cases diseased glands are to be found in the rttro-pector<d fascia, i.e.- between the pectoralis
major and minor and, above the latter muscle, on the first intercostal space in relation to
the supreme thoracic artery. In operating for malignant disease of the breast, the
surgeon removes, in addition to the whole breast and the greater part of the skin over it,

both i^ctoral muscles (with the exception of the clavicular fibres of the pectoralis major).
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all the axillary lymph glands, and, as far as possible, all the fat and fascia, including the
sheath of the axillary vein. It must be remembered that the distal part of the axillary

vein lies immediately underneath the deep fascia of the lateral wall of the axilla ; in clean-

ing the medial wall the long thoracic nerve must not be injured ; and in removing the
posterior group of lymph glands the thoraco - dorsal nerve, which accompanies the
subscapular vessels, must be avoided, as it is doubly important to retain the action of the
latissimus dorsi after removing the pectorals. The writer has so frequently met with
disease in these retro-pectoral glands, that he is convinced of the necessity of removing
the pectoral muscles.

THE ARM.

The anterior and posterior borders of the deltoid may be traced from the
shoulder girdle to the in.sertion of that muscle. The surface relations of the anterior
border have already been referred to ; the posterior border forms a well-marked
and important landmark as it crosses the angle between the axillary margin of the
scapula and the proximal part of the body of the humerus. By making an incision

along this part of the posterior border of the deltoid, and retracting the edge of the
muscle upwards and laterally, we expose the surgical neck of the humerus, and the
quadrilateral opening in the posterior wall of the axilla, transmitting the posterior
circumflex artery of the humerus and the axillary nerve ; a little more distally is the
radial nerve. The coraco-brachialis, the guide to the proximal half of the brachial
artery, forms a prominence occupying the proximal half of the medial hicipital

furrow. Traced distally the medial l)icipital furrow widens out into an elongated
triangle. This triangle, which may be termed the medial supracondylar triangle,

becomes continuous, distally, with the medial part of the triangle in front of the bend
of the elbow, and is limited posteriorly by the medial intermuscular septum, which
may be felt as a cord-hke band extending proximally from the medial epicondyle;
the floor of the space is formed by the medial part of the brachialis. Within the
triangle are the following important structures, enumerated from the lateral to the
medial side, viz. : the brachial artery, the median nerve, the distal part of the basilic
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vein, the medial cutaneous nerve of the forearm, and the superficial cubital lymph glands,

two or three in number. Extending proximally from the lateral epicondyle to the
insertion of the deltoid is the lateral intermuscular septum, which is pierced at the
junction of its proximal and middle thirds by the radial nerve. Between the
lateral intermuscular septum and the lateral edge of the biceps is the ill-defined

lateral bicipital furrow, the floor of which is formed by a strip of the brachialis,

and, nearer the elbow, by the brachio-radialis and extensor carpi radialis longus.

The posterior compartment of the arm is occupied by the triceps, the long head
of which can be traced proximally to the axillary margin of the scapula, in front

of the posterior border of the deltoid and behind the posterior fold of the axilla.

The lateral head of the triceps, after emerging from under cover of the distal part
of the posterior border of the deltoid, is continued obliquely along the lateral aspect
of the arm as a well-marked muscular elevation. Proximal to the olecranon is

the strap-like tendon of insertion of the triceps, which, when the elbow is fully

flexed, forms an admirable posterior splint in supracondylar fractures of the
humerus.

The brachial artery, slightly overlapped in the proximal half of the arm by the
coraco-brachialis and in the distal half by the biceps, can be felt pulsating through-
out the whole length of the anterior part of the medial bicipital furrow. The
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course of the vessel may be mapped out upon the surface by drawing a line from
the medial border of the coraco-brachialis, at the level of the posterior fold of the
axilla, distally to a point (opposite the neck of the radius) ^ in. distal to the
middle of the bend of the elbow. In ligaturing the vessel, the edges of the
coraco-brachialis and biceps muscles, together with the median nerve, furnish valu-

able guides to the artery, the mobility of which is often a source of trouble in

performing the operation.

The basilic vein, which is superficial to the deep fascia in the distal third of the
arm, is visible in the medial supracondylar triangle and the distal part of the
medial bicipital groove. The cephalic vein ascends a httle anterior and medial to

the lateral edge of the triceps to reach the interval between the deltoid and
pectoralis major.

The surface guide for the median nerve is the same as that for the brachial

artery. The ulnar nerve is indicated superficially by a line extending from the

lateral wall of the axilla, immediately posterior to the prominence of the coraco-

brachialis, to the back of the medial epicondyle ; in the proximal half of the arm
the nerve lies close behind the brachial artery under cover of the basiHc vein, while
in the distal half it lies a little posterior to the medial intermuscular septum,
partially imbedded in the fibres of the medial head of the triceps. To map out the
course of the radial nerve, first mark the point where it pierces the lateral inter-

muscular sej)tum, viz., the junction of the proximal and middle thirds of a line

extending from the insertion of the deltoid to the lateral epicondyle ; from that
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point draw a line obliquely distal ly and forwards to the front of the lateral epi-

condyle, where the nerve divides into its superficial and deep branches. To map
out the nerve as it lies in the radial groove, draw a line from the same point

obliquely proximally across the prominence formed by the lateral head of the triceps

to the junction of the posterior Ibid of the axilla with the arm. In i'ractures of

the humerus in the neighbourhood of the insertion of the deltoid, the nerve is not

infrequently lacerated, or so involved in the callus as to produce the condition

known as " drop-wrist," the result of paralysis of the extensor muscles of the

forearm. To cut down upon the nerve, commence the incision a little distal to the

point where it i)ierces the lateral intermuscular septum, and carry it obliquely

proximally and slightly backwards through the lateral head of the triceps.

The shaft of tlu' humerus, nowhere subcutaneous, is most readily manipulated in

the region of tlie insertion of the deltoid, proximally along the lateral head of the

triceps, and distally behind the lateral supracondylar ridge. The surgical neck,

situated between the tubercles and the attachments of the muscles inserted into

the rcirion of the intertubercular sulcus, is related to the lateral wall of the axilla, and
is on a level with the junction of the proximal and middle thirds of the deltoid ; at

the same level are the circumflex vessels and the axillary nerve.

Tho shaft may be cut down upon witli least injury to soft parts : (1) in its proxiiaal

third, anteriorly, by an incision extending distally through the anterior fibres of the

deltoid, parallel, and a little lateral, to the intertubercular sulcus ; the sheath of the biceps

will thus be avoided, and the small, anterior circumflex artery will be the only vessel

divided. (2) In the proximal third, posteriorly, by an incision through the posterior fibres

of the deltoid, the bone being reached just lateral to the origin of the lateral head of the

triceps, thus avoiding the radial nerve ; the circumflex vessels and the axillary nerve will be
exposed at the proximal part of the wound. (3) In the distal third, by an incision extending
upwards from the back of the lateral epicondyle a little to the medial side of the lateral

intermuscular septum.

THE ELBOW.

In injuries about the elbow the diagnosis rests mainly upon the relative

positions of the bony points, which are, therefore, of great importance. The
epicondyles of the humerus are both subcutaneous and upon the same level, the
medial being the more prominent. In the extended position of the elbow the

tip of the olecranon is on a level with a line joining the epicondyles ; when the
forearm is flexed the olecranon descends, and when full flexion is reached it

lies 1 in. distal to the epicondyles, and in a plane anterior to the posterior

surface of the distal end of the humerus. The head of the radius, which lies nearly

1 in. below the lateral epicondyle, is best manipulated from behind by placing
the thumb upon it, while the semi-flexed forearm is being alternately pronated
and supinated. Upon the lateral part of the posterior aspect of the extended
elbow is a distinct dimple, which overHes the radio-humeral articulation : this

dimple, along with the hollows on each side of the olecranon, becomes effaced in

synovial thickenings and effusions into the joint. The coronoid process is situated
too deeply to be distinctly felt. The distal epiphysis of the humerus includes the
articular portion of the distal extremity and the lateral epicondyle

; it is, therefore,

small and almost entirely intra-articular, so that foci of disease in its neighbour-
hood soon invade the cavity of the joint. The medial epicondyle ossifies as a
separate epiphysis which unites with the distal end of the diaphysis. In inter-

preting skiagrams of the elbow of children about six years of age and upwards, care
must be taken not to mistake the centre of ossification in the lateral portion of the
distal epiphysis of the humerus for a fracture. In the commonest dislocation of

the elbow, viz., with backward displacement of both bones of the forearm, the
normal relative position of the bony points is lost, whereas in a transverse supra-
condylar fracture the normal relations are maintained. In the child the head
of the radius is relatively smaller, and less firmly kept in position by the
annular ligament than in the adult, so that it is liable to be partially dis-

located, giving rise to the condition known as " pulled elbow."
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To evacuate pus from the elbow-joint a vertical incision should be made over

the dorsal aspect of the joint, immediately lateral to the olecranon.

The median vein is seen to bifurcate into the median basilic and median cephalic

veins h in. distal to the middle of the bend of the elbow ; opposite the same point,

but beneath the deep fascia, is the bifurcation of the brachial artery. The median

basilic and median cephalic veins diverge as they ascend one on each side of the

biceps tendon ; the larger of the two veins, viz., the median basilic, is usually

selected for the operations of venesection and transfusion. When the elbow is

flexed the biceps tendon can be traced vertically through the centre of the bend of

the elbow almost to its insertion. Passing distally and medially from the medial
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edge of the tendon is the lacertus fibrosus, which separates the median basilic vein
from the brachial artery. If the finger nail is insinuated beneath the medial edge
of the lacertus fibrosus the point of the finger will rest upon, and feel the pulsations
of, the brachial artery. The median nerve descends through the space a little medial
to the brachial artery. The bifurcation of the radial nerve takes place in front of
the lateral epicondyle under cover of the brachio-radialis. The ulnar nerve can
be rolled beneath the finger upon the back of the medial epicondyle ; its position
renders it liable to injury in severe fractures about the elbow ; and in excising
the joint care must be taken not to injure the nerve.

THE FOREARM AND HAND.

The proximal half of the radius is deeply placed ; the distal half, however, is

easily palpated. The anterior border of its distal extremity is felt as a prominent
transverse ridge, situated 1 in. proximal to the thenar eminence ; immediately distal

to the ridge is the radio-carpal articulation. The tip of the styloid process, situated
nearly ^ in. more distal than that of the ulna, is deeply placed at the lateral
side of the wrist, in the hollow between the extensor tendons of the first and
second phalanges of the thumb. Upon the middle of the posterior surface of
the distal end of the radius is the dorsal radial tubercle, which intervenes
between the extensor pollicis longus and the short radial extensor of the wrist;
the tubercle can be distinctly felt, and may be taken as a guide to the proximal end
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of Lister's dorso-radial incision for excision of tlie wri.sl. Tlie dorsal border of

the ulna is subcutaneous throughout, and may be felt along the interval between
the flexor and extensor carpi ulnaris muscles. Upon the ulnar side of the

dorsal aspect of the wrist, when the forearm is in the prone position, there is a

well-marked rounded jironiinence formed by the distal extremity of tlie ulna, anterior

to whicli is the styloid process,

the deep groove between the

two being occupied by the

tendon of the extensor carpi

ulnaris.

The carpal bones are built

up so as to form an arch, con-

verted by the transverse carpal

ligament into a tunnel for tlie

transmission of the flexor ten-

dons. At each extremity of

the arch the two bony points

to which the ligament is at-

tached furnish important laud-

marks. These bony points are :

laterally, the tuberosity of the

navicular and the ridge of the

greater multangular bone

;

medially, the pisiform and the

hamulus of the os hamatum.
The tuberosity of the navicular

is felt immediately proximal to

the root of the thenar eminence,

midway between the tendons
of the abductor pollicis longus

and the flexor carpi radialis
;

I in. distal to the tuberosity

of the navicular is the ridge

of the greater multangular bone,

felt deeply beneath the medial

part of the thenar eminence.

At the root of the hypothenar
eminence, and crossed by the

crease which separates the fore-

arm from the hand, is the pisi-

form bone, proximal to which is

the tendon of the flexor carpi

ulnaris, passing to be inserted

into it. The hamulus of the

OS hamatum is felt deeply be-

neath the radial side of the

hypothenar eminence, and a

full finger's breadth distal and
lateral to the pisiform.

The bases of the first, third,

and fifthmetacarpals, all of which
can be readily identified on the dorsal aspect, furnish a sufficient guide to the

line of the carpo-metacarpal articulations. At the base of the third metacarpal is

a tubercle, which can be felt projecting from its dorsal aspect at a point If in.

vertically distal to the tubercle upon the back of the distal end of the radius.

This metacarpal tubercle marks the insertion of the extensor carpi radialis brevis,

the favourite site for the development of a "ganglion," which may frequently

be ruptured by pressing it firmly against the tubercle. Anteriorly, the carpo-meta-
carpal articulations correspond to the distal border of the transverse carpal ligament.

Ulnar nerve

Ulnar artery

Median nerve

Flexor carpi
"Tilnaris

Flexor digitoruni
subliniis

Pisiform bone

Transverse carpal
ligament

Superficial

volar arcl)

Fig. 1115.—Bend ok Elbow, Volar Sfrface of Forearm,
AND Hand.
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The prominences of the knuckles are formed entirely by the heads of the

metacarpal hones. Anteriorly, the metacarpo-phalangeal articulations are situated

J in. proximal to the level of the web of the fingers
;
posteriorly, the joints may be

felt as a groove immediately proximal to the projecting ridge at the base of the first

phalanges. A well-marked crease crosses obliquely over the anterior aspect of the

metacarpo-phalangeal joint of the thumb. To cut into the first interphalangeal joints

from the front, incise along the most proximal of the creases in front of the joints

;

whereas to cut into the terminal joints, incise along the most distal of the creases in

Superficial volar arch

Deep branch of ulnar
artery

Hamulus of os hamatum

Deep branch of ulnar nerve-

Ulnar nerve

Pisiform bone

Palmaris longus

Styloid process of ulna

Ulnar artery

Deep volar arch

Transverse carpal ligament

Ridge of greater multangular bone

Radial artery

Median nerve

Styloid process of radius

Radial artery

Flexor carpi radialis

Fig. 1116.
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Palm of Hand.

front of the joints. Dorsally, the first and the terminal interphalangeal articu-

lations are opposite the most distal of the various creases overlying the joints.

The most important muscular landmarks upon the front of the forearm are the
brachio-radialis, the flexor carpi radialis, and the pronator teres. The brachio-

radialis is thrown into prominence by flexing the semi-prone forearm against
resistance. At the junction of the proximal and middle thirds of the forearm the
pronator teres passes under cover of the brachio-radiahs ; between the two is the radial

artery. The tendon of the flexor carpi radialis forms a prominent landmark
descending along the middle of the volar aspect of the forearm towards the
ridge of the multangulum majus; the tendon of the palmaris longus, when
present, is seen to its medial side.
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At the dorsum of the forearm the intermuscular septum between the radial and
common extensors corresponds to the proximal part of a line extending from the

lateral epicondyle of the humerus to the tubercle on the dorsum of the distal end
of the radius. The dorsal interosseous nerve, at the point at which it emerges from

the substance of the supinator muscle, will be found at the Ijottom of this

septum, 2 in. distal to the head of the radius ; below that point the septum is the

best line along which to cut down upon the posterior surface of the radius.

Winding across the distal third of the dorsal surface is an oblique prominence,

caused by the abductor poUicis longus and extensor pollicis brevis muscles.

styloid process of third niet-acariwl

Radial artery—

Extensor pollicis longus

Extensor carpi r^ialis longiis

Extensor carpi radialis brevis

Extensor pollicis brevis

I$ase of fifth metacarpal

Styloid process of ulna

Extensor digitorum communis

Extensor digitiquinti communis

Extensor carpi ulnaris

Fig. 1117.
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Dorsal Aspect of Hand.

The flexor sheaths of the palm and of the digits are of surgical importance in

consequence of their liability to suppurative inflammation. The common flexor sheath

begins 1^ in. proximal to the transverse carpal ligament, under which it extends to a

little beyond the middle of the palm. The digital flexor sheaths extend from the bases

of the terminal phalanges to the level of the distal transverse crease of the palm,

opposite the necks of the metacarpal bones, with the exception of the sheath of the

littlf finger, which is continuous with the common flexor sheath of the palm. The
sheath of the flexor pollicis longus extends from the base of the terminal phalanx
proximally to a point about 1 in. proximal to the transverse carpal ligament ; it

frequently communicates with the common flexor sheath. From this anatomical
arrangement it follows that suppuration in the sheaths of the little finger and
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thumb is specially liable to spread upwards into the palm, and thence underneath

the transverse carpal ligament into the forearm.

The pulsations of the radial artery can readily be felt in the distal third of the

forearm, midway between the lateral border of the radius and the tendon of the

flexor carpi radiaUs. The course of the vessel is indicated upon the surface by
a line extending from the bifurcation of the brachial (| in. distal to the middle of

the bend of the elbow) to the tubercle of the navicular, around which, and distal

to the tip of the styloid process, the artery winds to the dorsum of the radial side

of the wrist ; in the latter situation the vessel, after passing deep to the extensor

tendons of the thumb, dips into the palm through the proximal extremity of the

first interosseous space. Incisions for opening or resecting the wrist are planned

so as to avoid the vessel.

The proximal third of the ulnar artery is deeply placed, and takes a curved

course from the bifurcation of the brachial towards the medial part of the volar

surface of the forearm ; the distal two-thirds of the vessel correspond to the distal

two-thirds of a Une drawn from the front of the medial epicondyle to the radial border

of the pisiform bone. The course of the ulnar nerve corresponds to the whole of the

above line.

The median nerve in the forearm may be mapped out by a line extending from

a point midway between the centre of the bend of the elbow and the medial epi-

condyle, to a point midway between the styloid processes ; in the distal third of

the forearm the line follows the medial border of the tendon of the flexor carpi

radialis. To evacuate pus spreading deeply up the front of the forearm, the

incisions should be made on either side of the line corresponding to the median

nerve. The superficial branch of the radial nerve winds to the dorsum of the

forearm round the lateral border of the radius deep to the tendon of the brachio-

radialis, at the junction of the middle and distal thirds of the forearm.

The summit, or most distal part of the superficial palmar arch, corresponds to

the mid-point of a line extending from the middle of the most distal transverse

crease of the wrist to the root of the middle finger ; a line drawn from the radial

border of the pisiform bone across the hamulus of the os hamatum, and thence

in a curved direction distally and laterally to this point, corresponds to the main
or proximal part of the arch; the first and fourth digital branches overlie the

fifth and third metacarpal bones respectively, while the second and third overlie

the fourth and third interspaces respectively. The deep arch lies almost trans-

versely, midway between the distal border of the transverse carpal ligament and

the superficial arch. The radialis indicis corresponds to the radial border of the

index -finger.

The ulnar nerve and the commencement of its two divisions lie immediately to

the medial side of the superficial palmar arch, so that the pisiform and the hamulus

of the OS hamatum are the guides to the nerve. The median nerve emerges from

under the transverse carpal ligament opposite the medial edge of the thenar

eminence, while the digital branches to the thumb fojlow its distal margin.

Incisions for the removal of foreign bodies may therefore be made into the

thenar with greater freedom than into the hypo-thenar eminence.

Incisions to evacuate deep-seated pus in the palm may be made in one or more of

the following situations : (1) over the distal two-thirds of the second metacarpal bone
; (2)

over the distal half of the fourth metacarpal bone
; (3) from the proximal part of the first

incision an opening may be made through the first interosseous space on to the dorsum,

care being taken to keep distal to the radial artery
; (4) a longitudinal incision between

the median and ulnar nerves, on the proximal side of the superficial palmar arch. At the

wrist a longitudinal incision may be made immediately to the ulnar side of the palmaris

longus tendon, thus falling between the lines of the median nerve and the ulnar artery.

To open the digital flexor sheaths, incisions are made along the middle of the palmar

surface of the fingers, opposite the first and second phalanges. The proper digital vessels

and nerves pass distally along the sides of the fingers, nearer the flexor than the

extensor surfaces. In cutting down upon the dorsal aspects of the phalanges, the incisions

should be made to one or other side of the extensor tendon, preferably upon the ulnar side,

to avoid division of tlie insertions of lumbrical muscles. The subcutaneous tissue of the
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palmar aspect of the terminal phalanges is connected by fibrous processes with the

periosteum ; hence the frequency of necrosis of the terminal phalanx in suppurative
inflammations in this region.

THE LOWER EXTREMITY.

THE BUTTOCK.

The region of the hip or buttock extends from the crest of the ilium above to

the ghiteal fold below. The highest point of the iliac crest, situated a little

posterior to its middle, is ou a level with the fourth lumbar spine ; the anterior

superior spine of the ilium is directed forwards, and belongs to the groin, which
it limits laterally ; the posterior superior spine, situated at the bottom of a

dimple or small depression, is on a level with the second sacral spine, and corre-

sponds, therefore, to the middle of the sacro-iliac joint. Two and a half inches

behind the anterior superior spine is a prominenc(j upon the outer lip of the

iliac crest ; this prominence, which is termed the tubercular point, is the most lateral

part of the crest, and has been referred to in dealing with the surface anatomy
of the abdomen. A hand's breadth below the tubercle of the crest is the greater

trochanter of the femur, the most lateral bony landmark of the hip ; its anterior

and posterior borders are best felt between the lingers and thumb, while the

limb is slightly abducted to relax the ilio-tibial tract, and if the thigh is now
rotated, it will be noted that the trochanter rotates round the segment of a

circle, the radius of which is formed by the head and neck of the femur ; in non-
impacted fractures of the neck of the femur the trochanter rotates round the
segment of a much smaller circle. Nelaton's line, drawn from the anterior superior

spine to the most prominent part of the ischial tuberosity, crosses the hip at the
level of the proximal border of the greater trochanter ; this line is employed to

ascertain the presence or absence of upward displacement of the trochanter.

Chiene demonstrates the relative height of the trochanters by stretching two
tapes across the front of the pelvis, one between the anterior superior spines,

and the other between the proximal borders of the trochanters ; the lower tape

will converge towards the upper on the side of the upward displacement. A line

prolonging the anterior border of the greater trochanter vertically upwards touches
the iliac crest at the tubercular point. The sciatic tuberosity, in the erect posture,

is overlapped by the distal border of the glutfeus maximus ; its most prominent
part is felt a little proximal to the medial part of the gluteal fold. If the hip is

rotated medially, the lesser trochanter of the femur may be felt by deep palpa-
tion proximal to tlie lateral end of the gluteal fold ; it corresponds to the interval

between the distal border of the quadratus femoris and the proximal border of the
adductor magnus, and therefore, also, to the level of the medial circumflex artery
of the thigh.

The lower border of the glutaus maximus lies a little above the gluteal fold

medially, crosses it about its middle, and is continued distally and laterally to

meet the proximal end of the furrow of the lateral intermuscular septum, at
the junction of the proximal and middle thirds of the femur. The medial borders
of the two great gluteal muscles are separated by the deep gluteal cleft, which
extends upwards and backwards from the perineum to the level of the fourth
sacral spine, where it opens out into the triangle upon the back of the sacrum.
Anteriorly the buttock is limited by the prominence of the tensor fasciae latae

muscle, which extends distally and somewhat backwards from the anterior end of
the crest, to join the ilio-tibial tract distal to the root of the greater trochanter.

The superior gluteal artery reaches the buttock immediately below the upper
border of the greater .sciatic foramen, opposite a point corresponding to the junction
of the upper and middle thirds of a line drawn from the posterior superior iliac

spine to the upper border of the greater trochanter. To expo.se the vessel the
incision should be made along this line, which has the advantage of running parallel

to the fibres of the glutauis maximus, as well as parallel to the interval between
the glutieus medius and piriformis muscles.
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The sciatic nerve enters the buttock at a point corresponding to the junction of

the upper and middle thirds of a line drawn from the superior posterior iliac

spine to the sciatic tuberosity ; from this point the nerve passes downwards and
slightly laterally upon the ischium to a point midway between its sciatic tuber-

osity and the greater trochanter. The spine of the ischium and the pudendal

vessels are situated opposite the junction of the lower and middle thirds of the

above line. The vessels and nerves wliich enter the buttock through the greater

sciatic foramen helow the j^'i'riformis, may be exposed through an incision below

and parallel to that above described for exposing the superior gluteal artery, viz.,

an incision corresponding to the middle two-fourths of a line extending from the

upper end of the gluteal cleft to the root of the greater trochanter ; the deep land-

marks are the lower border of the piriformis and the root of the sciatic spine.

THE BACK OF THE THIGH.

The hamstring muscles, and especially the tendon of the biceps and semi-

tendinosus, are thrown into prominence either by standing on tiptoes with the

knees slightly flexed, or by flexing the leg against resistance. By throwing the
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Section through Thigh at the Level of the proximal part ok the Adductor Canal.

hamstrings into action, the line of the lateral intermuscular septum of the thigh is

indicated by a well-marked furrow, extending from the lower edge of the insertion

of the glutseus maximus to the lateral aspect of the knee; behind this furrow is the

"biceps femoris, and in front of it is the large vastus lateralis, covered by the

strong ilio-tibial tract of the fascia lata. The shaft of the femur may be cut

down upon along the whole length of this furrow with least injury to the soft parts
;

the popliteal surface of the femur and deep-seated popliteal abscesses are most
conveniently reached through the lower part of the same incision.

The course of the sciatic nerve corresponds to the proximal half of a line
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extending from a point midway between the sciatic tuberosity and the greater

trochanter to the centre of the popliteal fossa. The nerve enters the thigh under

cover of the lateral border of the biceps, whereas the posterior cutaneous nerve of

the thigh which takes tiie same line, descends superficial to the biceps, between

it and the fascia lata. In the operation of stretching the sciatic nerve it is cut

down upon immediately distal to the lower border of the glutams maximus.

The surgeon, standing on the side of the ])aticnt ojiposite to the leg to be operated

upon (Chieue), makes an incision in the line of the nerve through the integuments

and fascia lata, and, sweeping the index-finger round the lateral border of the
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Section throuoh the Thiuh immediately proximal ni the Patella.

biceps, hooks up the nerve as it lies between that muscle and the adductor
magnus.

The common peroneal nerve may be rolled under the finger as it passes distally

immediately behind the tendon of the biceps and the head of the fibula ; so close is

the nerve to the tendon that the tendon should be divided, in cases where this is

necessary, by the open method rather than su))cutaneously.

Abscesses may reacli the flexor compartment of the thigh from various sources, viz. : (1) from
the posterior aspect of the hip-joint

; (2) from the pelvis, through the greater sciatic foramen
;

(3) from one or other of the bursse under the glutieus maximus
; (4) from the front of the hip-

joint, by passing backwards under the tensor fasciie latte ; or by winding backwards beneatli the
neck of the femur, and through the interval bt-twecn the quadratus femoris and the adductor
magnus

; (5) from the iliac fossa under the inguinal ligament into the fa.scial trigone, and thence
to the back of the thigh by one or other of the routes already mentioned

; (6) the pus may spread
proximally from the popliteal surfiice of the femur, the knee, a popliteal gland, or from a bursa.

THE POPLITEAL FOSSA.

When the knee is extended the popliteal fascia is put upon the stretch, and
obliterates the hollow of the popliteal fossa; by flexing the knee the fascia is

relaxed, and the fingers may be pressed deeply into the proximal or femoral

93
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division of the fossa ; as a rule, the pulsations of the popliteal artery can be felt.

Deep to the semitendinosus is the fleshy semimembranosus, which bulges into the
space and overlaps the proximal part of the popliteal artery. Between the semi-
membranosus and the medial head of the gastrocnemius is the most important
bursa in the popliteal region ; it not infrequently becomes distended with fluid,

and then presents usually a more or less sausage-shaped outline ; according to

Holden, the bursa communicates with the cavity of the knee-joint in one subject

out of five.

To map out the line of the popliteal vessels and the tibial nerve, draw a line
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Fig. 1120.—The Thigh and Groin.

from a point a little medial to the proximal angle of the space to a point midway
between the condyles of the femur, and thence distally along the middle of the
space to the level of the distal part of the tuberosity of the tibia. The tibial nerve
lies immediately under cover of the deep fascia ; the artery is separated from the

popliteal surface of the femur by a quantity of fat. The popliteal lymph glands

lie deep to the popliteal fascia, one upon the tibial nerve, the others deeply in the

sjjace (Leaf).

THE FEONT OF THE THIGH.

Between the front of the thigh and the abdomen is the fold of the groin, at the

bottom of which the inguinal ligament can be felt as a tense band, stretching from
the anterior superior spine of the ilium to the pubic tubercle. The anterior

superior spine looks directly forwards; comparative measurements of the inferior

extremities are made by stretching a tape from it to the ti}) of one or other of the

malleoli, care being taken that the pelvis is horizontal, and the limbs in corre-

sponding positions. The pubic tubercle is felt under the proximal and lateral part

of the mons Veneris and at a corresponding point in the male ; between the

tubercle and the symphysis is the crest of the pubis, the two crests together
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forming a rounded subcutaneous bony ridge. A line extending from tbe pubic

tubercle horizontally laterally across the front of the thigh crosses the front of the

hip- joint at the level of the inferior part of the head oi the femur. The cord-like

tendon of the adductor longus is readily felt, and a point about 1 in. below the

pubic tubercle is selected fur perforndng the operation of subcutaneous tenotomy
of the tendon.

The centre of the fossa ovalis is situated li in. distal and lateral to the pubic

tubercle ; it overUes the medial (hernial) and intermediate (venous) compartments
of the femoral sheath ; behind the lateral border of the opening is the arterial

compartment of the sheath; crossing over the distal border is the termination of

the great saphenous vein. A femoral hernia makes its way into the thigh below

the i)roximal edge of the opening. The course of the great saphenous vein in the

thigh is indicated by a line extending from the adductor tubercle of the medial

epicondyle o'" the femur to the distal jiart of the fossa ovalis.

The horizontal or subinguinal chain ol lymph glands can usually be felt along, and
a little distal to, the line of the inguinal ligament ; when the glands are inHamed
the surgeon should not neglect to examine the buttocks and anus as well as the

external genitals. The vertical or femoral chain lies in clo.se relation to the upper

end of the great saphenous vein. Deeper glands also are met with deep to the

fascia cril)rosa, close to the medial side of the femoral vein, and there is generally

one in the femoral canal. To clear out the glands in the groin an incision should

be made parallel to, and a finger's breadtli distal to the whole length of the

inguinal ligament.

To map out the course of the femoral artery, the thigh being slightly flexed and
rotated laterally, draw a line from the mid-point between the anterior superior

iliac spine and the symphysis pubis to the adductor tubercle at the proximal and
posterior part of the medial epicondyle ; rather less than the proximal third of this

line corresponds to the femoral artery in the femoral trigone, while rather more
than its middle third corresponds to the artery as it lies in the adductor canal.

The seat of election for ligature of the vessel is at the apex of the femoral trigone.

To compress the femoral, pressure should be made directly backwards against

the ilio-pectineal eminence, and not against the head of the femur ; to compress
the femoral in the adductor canal, pressure should be made laterally against the

medial surface of the shaft of the femur.

On the lateral aspect of the thigh the fascia lata is thick, aponeurotic, and
loosely attached to the vastus lateralis ; hence the tendency of abscesses' to travel

distally under cover of it towards the knee. The sartorius, which forms the most
important muscular landmark of the thigh, may be thrown into prominence by
maintaining the thigh unsupported, flexed, and slightly rotated laterally. Observe
that in the proximal third of the thigh it forms the lateral boundary of the femoral
trigone ; in the middle third it is placed superficial to the adductor canal ; while in

the distal third it lies in front of the medial hamstrings. Lati^ral and adjacent to

the proximal part of the sartorius is the prominence of the tensor fasciae latae,

which, as it passes to its insertion, diverges from the sartorius ; in the angle
between the two the tendon of the rectus iemoris may be felt as it overlies the
distal part of the anterior aspect of the articular capsule of the hip.

The medial aspect of the distal half of the shaft of the femur may be conveniently cut down
upon through the vastu.s medialis, where it comes to the surface between the sartorius and rectus
rauscle-s ; the incision should be made in the direction of a line extending from a point midway
between the medial border of the patella and the adductor tubercle, to the anterior superior
iliac spine.

The front of the hip-joint may be reached through an incision from the anterior superior
iliac si)ine distally, along either the medial or the lateral boixler of the sartorius ; in the former
case the deeper part of the dis.section passes l>etween the iliacus and the medial border of the
rectus femoris, while in the latter case the joint is reached lateral to the rectus tendon, between
it and the anterior borders of thi' glutiinis medius and minimus muscles. The ascending branch of
the lateral circumflex artery of the thigh crosses the cai)side parallel to, and immediately
above, the intertrochanteric line. Tlie ilio - psoas crosses the anterior and the medial part
of the capsule ; between the two is a bursa, which frequently communicates with the joint
through tne thin part of the capsule medial to the ilio-femoraf ligament ; it is by way of this
communication that a psoas abscess occasionally gives rise to secondary tubercular disease of the
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hip-joint. One of the commonest situations to meet with an abscess in hip-joint disease is in
the cellular tissue and fat under the tensor fascite latae ; or the pus may pass below and to the
medial side of the neck of the femur, and thence along the course of the medial circumflex artery
of the thigh to the back of the thigh. To tap or explore the hip-joint, the puncture should be
made in the interval between the sartorius and the tensor fasciae latee, 2 to 3 in. distal to the
anterior superior iliac spine ; if the instrument is then pushed ujawards, medially and posteriorly

beneath the tendon of the rectus femoris, it will 23ass through the caiDSule a little above the inter-

trochanteric line. Eegarded from the point of view of dislocation, the regions of the acetabular
notch and of the inferior jiart of the capsule are the weak points in the joint ; it follows,

therefore, that abduction favours dislocation by bringing the head of the femur into relation

with these two weak areas.

THE KNEE.

With the knee extended and the quadriceps relaxed, the patella can be readily

outlined and moved from side to side upon the femoral condyles. When the

quadriceps is contracted its tendon
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springs forwards and is felt as a

tense band above the patella ; while

the lig. patellse, which has become
tense and prominent, may be traced

to the distal part of the tuberosity

of the tibia. In front of the distal

part of the patella and of the proxi-

mal part of the lig. patellae is the

pre-patellar bursa, into which effusion

takes place in the condition known
as housemaid's knee. Deep to and
on each side of the hgamentum
patellae is a well-circumscribed pad
of fat, palpation of which gives rise

to a feehng closely resembhng true

fluctuation. In extension, only the

distal pair of articular facets of

the patella are in contact with the

trochlear surface of the femur. In
semiflexion the middle pair of facets

rests upon the trochlea ; in this posi-

tion the medial margin of the medial
condyle, the proximal border of the

medial condyle of the tibia, and the

distal part of the patella are all

distinctly visible, and together bound
a triangular depression, which over-

lies the Hne of the joint and con-

tains the anterior part of the medial

meniscus it is in this triangle that

Soleus the surgeon searches for a displaced

or thickened medial meniscus, for a

loose body, and for " lipping " of the

edge of the articular cartilage in

chronic osteo- arthritis. A similar,

but less well-defined, triangle may
be felt immediately lateral to the

distal edge of the patella. When
the quadriceps is thrown into sud-

den or violent contraction, as in

preventing oneself from falling backwards, the patella may be transversely fractured

at the moment of partial flexion. In full flexion almost the whole of the trochlear

surface of the condyles is exposed to palpation, covered, however, by the stretched

quadriceps tendon.

Fig. 1121.

—

Antkrior Aspect ok Knee.



THE LEG. 1461

The proximal part of the medial surface of the medial condyle is overlapped by
the muscular prominence of the distal fibres of the vastus medialis. Leading
proximally from the medial condyle is a slight furrow, corresponding to the

interval between the distal part of the vastus medialis and the sartorius ; at the

bottom of the furrow the cord-like tendon of the adductor magnus may readily be

felt, and followed to its insertion into the adductor tubercle : ihe latter, situated at

the junction of the medial supra-condylar ridge with the proximal and posterior

part of the medial condyle, marks the level of the epiphyseal cartilage. Anteriorly

and posteriorly the epiphyseal cartilage lies just proximal to the highest part of

the articular cartilage.

Disease of the distal end of the body of the femur generally invades the popliteal surface

of the fenuu' and the popliteal fossa rather than the cavity of the knee-joint. In Macewen's
operation for knock-knee, the incision (through which the osteotome is introduced to divide the
fenuu') is carried down to the bone through the vastus medialis a little proximal to the medial
condyle, a finger's breadth i)roximal to the summit of the trochlea, to avoid injury to the epi-

physeal cartilage, and the same distance in front of the adductor tendon, to avoid injury to the
musculo-articular branch of the arteria genu suprema.

Distal to the medial condyle is the subcutaneous medial condyle of the tibia,

across which the tendons of the sartorius, gracilis, and semitendinosus pass to their

insertions. Between those tendons and the medial head of the gastrocnemius is

a groove which winds distally and forwards from the popliteal space ; an incision

along this groove will expose the great saphenous vein and saphenous nerve and the

superficial or saphenous branch of the arteria genu suprema.

On the lateral side of the knee is the ilio-tibial tract, which, after crossing and
obscuring the line of the joint, is attached to the lateral condyle of the tibia. By
semifiexion of the knee the posterior border of the tract is thrown into relief, and a

well-marked furrow intervenes between it and the prominent tendon of the biceps

;

the distal part of the shaft of the femur and the popliteal surface may be reached
through an incision along this furrow. Under cover of the ilio-tibial tract, as it

crosses the line of the joint, are the lateral meniscus, the distal lateral genicular

artery, and the fibular collateral ligament. The head of the fibula, and the tendon
of the biceps passing to be inserted into it, are rendered distinctly visible by
semiflexing the knee ; the former lies on 'a level with the tuberosity of the tibia,

1| in. posterior and a little distal to the most prominent part of the lateral

condyle of the tibia. Immediately distal to the head of the fibula is the termina-
tion of the common peroneal nerve, which is liable to be contused from blows, and in

fractures of the neck of the fibula.

The synovial layer of the knee-joint extends distally, anteriorly, as far as the level

of the proximal border of the tibia
;
posteriorly, it dips distally for a short distance be-

hind the popliteal notch of the tibia, to form a small cul-de-sac, the close relation of

which to the popliteal artery must be borne in mind in performing the operation of

excision of the knee. Anteriorly, the synovial layer extends proximally beneath the
quadriceps in the ftjrni of a pouch, which reaches nearly two inches proximal to the
articular surface of the femur; posteriorly, there is no extension of the synovial cavity
proximal to the condyles ; at the sides of the knee the synovial layer covers the anterior
third of the superticiiil surface of each condyle.

In eflfusion into the knee-joint the hollows become obliterated, the patella is floated up, and
fluctuation may be olitained i)roximal, distal, and to either side of the patella.

To pass a tube through the knee-joint for drainage, two short vertical incisions should
be made—one on each side of the .joint at the level ot the proximal ]^>art of the patella, and
a finger's breadth behind its lateral edges. In arthrectomy of the knee for tubercular disease, the
subsynovial fat facilitates the sejiaration of the suiira-].atellar pouch from the distal and anterior
part of the shaft of the femur ; to expose the pouches posterior to the condyles, the cruciate liga-

ments nuist be divided.

THE LEG.

The medial surface of the tibia is subcutaneous throughout ; hence the seat of a
fracture of the shaft is, as a rule, easily felt, and the distal extremity of the proximal
fragment is liable to perforate the skin. The skin over the distal half of this
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Vastus lateralis

Quadriceps extensor
tendon

Patella

__Lateral condyle
of tibia

Tibialis anterior

surface is the commonest seat of varicose and callous ulcers, which are frequently

prevented from healing by adhesion of the floor of the ulcer to the periosteum.

The shaft of the fibula, situated on a plane posterior to that of the tibia, is, with

the exception of the triangular subcutaneous surface proximal to the lateral malle-

olus, deeply placed amongst
the muscles. To examine the

fibula, the surgeon should

stand on the opposite side

of the patient and manipu-
late the bone along the line

of the intermuscularseptum
between the peronaei and the

muscles of the calf.

The greater fulness of

the antero - lateral surface

of the leg, as compared with
- i.igamentum pateu?e its medial surfacc, is due to

Tuberosity of tibia the prcseuce of the extensor

and peroneal groups of

muscles. When those
groups are thrown into

action, the individual
muscles are mapped out

upon the surface by the

grooves corresponding to

their intermuscular septa.

The posterior peroneal sep-

tum is seen as a well-marked

furrow, extending from the

posterior aspect of the head
of the fibula to the hollow

behind the lateral mal-
leolus ; in front of it are

the peronsei muscles, the

longus giving rise to a pro-

minence on the proximal
half of the leg, while the

hrevis is prominent on the

distal half; behind the
septum is a prominence
formed by the lateral border

of the soleus, which projects

beyond the border of the

gastro-cnemius.

It is along the line of

the posterior peroneal inter-

muscular septum that in-

cisions should be made to

expose the fibula ; to avoid the superficial peroneal nerve, however, the incision

must not extend to a more proximal level than 1 in. distal to the head of the

fibula.

The furrow between the extensors and the two peroneei, the anterior peroneal

septum, is much less distinct, and runs in a line from the anterior border of the

head of the fibula to the anterior border of the lateral malleolus ; the cutaneous

portion of the superficial peroneal nerve corresponds to the distal half of this line.

At the junction of the middle and distal thirds of the leg the extensor muscles

incline medially over the anterior aspect of the tibia.

The anterior tibial artery reaches the front of the interosseous membrane 2 in.

distal to the tuberosity of the tibia ; in the proximal two-thirds of its course it lies

Peronseus tertius

Lateral
malleolus

Tip of
lateral

malleolus

Fig. 1122.

—

Lateral Aspect of Knee axd Leg.
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upon the interosseous membrane, while in its distal third it winds on to the front

of the tibia, to terminate at a point opposite the ankle-joint, midway between the

two malleoli. Incisions to expose the vessel should strike the lateral border of the

tibialis anterior, which corresponds to a line drawn from a point midway between
the lateral condyle of tlie tibia and the head of the tibula, to the termination of

the vessel.

When the muscles of Uu' calf are thrown into action, a groove is seen between
the two heads of the gastrocnemius, tbc llesliy fibres of which extend a little distal

to the middle of the leg. The fleshy fibres of the soleus extend to the junction

of tlie middle and distal thirds of the leg, and project beyond the margins of the

gastrocnemius. The narrowest part of the tendo calcaneus is situated opposite the

bases of the malleoli, and it is there that the tendon is divided in the operation

of tenotomy. The small saphenous vein, which lies a httle to the lateral side of

the tendon, gradually reaches the middle of the calf, along which it runs proximally

to the middle of the popliteal fossa. The great saphenous vein and the saphenous

nerve lie along the medial niarifiu of the tibia.

The course of the posterior tibial artery is mapped out by drawing a line from
the distal angle of the popliteal fossa, at the level of the distal border of the

tuberosity of the tibia, to a point midway between the medial malleolus and the

tendo calcaneus. To expose the vessel in the proximal half of the leg, an incision

is made parallel to and i in. posterior to the medial margin of the tibia ; after

retracting the medial border of the gastrocnemius and dividing the tibial origin

of the soleus, the artery is found lying on the tibialis posterior. In exposing the

artery below the soleus, divide two layers of deep fascia and keep the knife

directed towards the tibia.

The peroneal artery is given off 3 in. distal to the head of the fibula ; incisions

to expose the vessel are made in the direction of a line extending from the

posterior border of the head of the fibula to a point midway between the lateral

malleolus and the tendo calcaneus.

THE FOOT AND ANKLE.

The tip of the lateral malleolus is situated ^ in. distal and f in. more
posterior than that of the medial malleolus. Proximal to the lateral malleolus is

Fibula

Line of ankle-joint

Extensor digitorum brevi

Tendon of Hexor digitorum
longus to fifth toe

Secon<l niPtatarso-

plialant^eal join

Fifth metatarso-phalangeal joi Base of fifth metatarsal
\ \

Lateral malleolus
Teronieus brevis \ Trochlear process

Greater tubercle of calcaneus Peronseus longiis

Fui. 1123.— L.\TERAL Aspect of Foot and Ankle.

the triangular subcutaneous surface of the tibula, the apex of which corresponds
to the distal end of the extensor-peroneal intermuscular septum.

The line of the ankle-joint can be felt on either side of the extensor tendons,
and when the foot is extended the anterior part of the proximal articular surface
of the talus forms a visible prominence distal to the anterior crest of the distal end
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of the tibia. The small posterior surface of the talus is felt distal and posterior to

the medial malleolus, at the anterior part of the hollow between it and the heel.

In effusions into the ankle-joint the hollows in front and behind the malleoli are

obliterated, and the extensor tendons are raised from the front of the joint.

A finger's breadth distal to the tip of the medial malleolus is the sustentaculum

tali ; 1^ in. in front of the sustentaculum, and midway between the dorsal and
plantar margins of the medial aspect of the foot, is the tuberosity of the navicular

(the medial landmark in Chopart's amputation), which is generally visible, and
always distinctly palpable. The calcaneo-taloid joint lies immediately above the

sustentaculum, while close above it the tendon of the tibialis posterior may
be rendered visible, as it extends from behind the tip of the medial malleolus to

the tuberosity of the navicular. An inch and a half in front of the tuberosity

of the navicular is the joint between the first cuneiform and the first metatarsal

;

the ridge at the base of the first metatarsal furnishes a good guide to the articula-

tion. The first metatarso-phalangeal joint lies a little in front of the middle of the

ball of the great toe.

A finger's breadth vertically below the tip of the lateral malleolus is the

trochlear process of the calcaneus, and midway between the two is the calcaneo-

taloid joint ; the trochlear process is, when present, a trustworthy guide to the level

at which the two peronsei tendons cross the lateral surface of the calcaneus. The

Tibialis posterior.

Anterior border of distal end of tibia..

Line of ankle-joint.

Tibialis anterior

,

Head of talus

Tuberosity of navicular

Tarso-metatarsal articulation

First metatarso-
phalangeal articulation

Posterior tibial

aitery

Flexor hallucis

longus

Medial malleolus

TenOo calcaneus

exor digitorum
longus

. Sustentaculum
tali

Fig. 1124.
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greater process of the calcaneus is felt in the triangular interval between the
tendons of the peronseus brevis and tertius ; the calcaneo-cuboid joint—the lateral
landmark in Chopart's amputation—is placed a little in front of the mid-point
between the tip of the lateral malleolus and the base of the fifth metatarsal bone.
To open the lateral tarso-metatarsal articulations, the knife, entered behind the
projecting base of the fifth metatarsal bone, should be directed forwards as well as
medially. On the dorsum of the foot the tarsal joints are obscured by the extensor
tendons. The synovial layer of the ankle-joint is prolonged on to the neck of the
talus, and care must be taken to avoid opening the ankle-joint in performing
Chopart's amputation.

The line of the tarso-metatarsal joints extends nearly 1 in. further forwards on
the medial than on the lateral border of the foot ; between these points the joint-
line takes a zigzag course on account of the second metatarsal bone extending
backwards between the first and third cuneiform bones. The joint between the
second metatarsal and second cuneiform is nearly i in. behind that between
the first metatarsal and first cuneiform, and nearly | in. behind that between
the third metatarsal and the third cuneiform. The strong transverse inter-
osseous ligament {Lisfrancs lirjament), which connects the lateral surface of
the first cuneiform with the base of the second metatarsal, must be divided in
the tarso-metatarsal amputation of Lisfranc. In order to preserve the insertions
of the two tibial and the three peroneal muscles, it is advisable, when possible.



THE FOOT AND ANKLE. 1465

instead of disarticulating at " Lisfranc's joint," to saw through the metatarsal bones

just in front of their bases.

The metatarso-phalangeal articulations are situated 1 in. behind the web of the

toes. In disarliculuting a toe, the Lnuisverse metatarsal ligament, which unites

the heads of the metatarsal bones, shoidd not be injured.

The tendon of tiie tibialis posterior may be felt, and, by inverting the foot, seen,

as it extends from behind the tip of the medial malleolus to the tuberosity of the

navicular ; it crosses the talus immediately above the sustentaculum tali.

Tu the conunonest form of club-foot, viz., talipes equino- varus, the tuberosity of the

navicular is approximated to the medial malleolus, so that tenotomy of the tendon

should be performed through a puncture a little distal to the tip of the medial malleolus
;

if tlie knife, after dividing the tendon, is carried down to the bone, the plantar calcaneo-

navicular ligament will be divided and the talo-navicular joint opened, a procedure

wliifli is called for l)ofore the foot can be brought into good po.sitioti.

Crossing the front of the ankle-joint, from medial to lateral side, are the

following tendons, viz. : the tibialis anterior, the largest and most prominent ; the

extensor hallucis longus, the extensor digitonun longus, and the peronaeus tertius. The
extensor digitonun brevis gives rise to a fleshy pad which overlies the dorsal aspect

of the calcaneo-cuboid joint. When the foot is everted, the tendon of the peronseus

brevis may be seen extending from the tip of the lateral malleolus to the base of

the flfth metatarsal bone ; immediately below it is the tendon of the peronaeus longus,

which, as it winds round the cuboid, is obscured by the fleshy fibres of the abductor

digiti quinti muscle. The abductor hallucis muscle, although described along with

the sole, forms a fleshy pad along the medial border of the foot lielow the susten-

taculum tali.

An incision, extending from the tuberosity of the navicular to the middle of

the medial border of the heel, will expose the various tendons, vessels, and nerves,

as they pass from the medial malleolus into the sole, beneath the abductor hallucis.

The dorsalis pedis artery may be mapped out on the surface by drawing a line from

a point opposite the ankle-joint, midway between the tips of the two malleoli, to the

posterior end of the first interosseous space ; tlie vessel may l)e compressed against

the medial column of the tarsal bones. The great saphenous vein and the saphenous

nerve lie between the anterior liorder of the medial malleolus and the tendon of

the tibialis anterior; the small saphenous vein and the nervus suralis take the

same course as the tendon of tlie peronieus brevis.

The medial plantar vessels and nerves lie along the medial intermuscular septimi,

which corresponds to a line drawn from the inferior surface of the medial

tubercle of the calcaneus to the interval between the first and second toes. The
lateral plantar vessels and nerves may be exposed by an incision along the

lateral intermuscular septum, which runs in a line extending from the middle of

the inferior surface of the heel to the fourth toe (Kocher) ; to map out the course

of the plantar arch, draw a line across the sole from the medial side of the base of

the flfth metatarsal Ijone to the proximal end of the first interosseous space.
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PLATE II.

Skiagram ok Skcll from thb front, showing the Frontal Sinlsks, the Ethmoidal

Air-Cells, and the Maxillary Sinuses.
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Note.— The B.N.A. nomeuclatiire, alone, is included in the index, as references to the English

terms will be found in the text. Figures in heavy type refer to the pages on which
structures are most exhaustively described.

AMomen, 1155
apertures of, 1157
boundaries of, 1155
cavity of, 1155, 1411
contents of, 1160
fasciae of, 474, 485, 489
intertubercular lines of, 1158
lymph vessels of, 1015
muscles of, 475
planes, intertubercular, 1158
planes, subcostal, 1158
regions of, 1159, 1411
shape of, 1155
subcostal line of, 1158
subdivision of abdomen proper, 1158
surface and surgical anatomy of, 1415
tela subserosa of, 1158
zones of, 1159, 1411

Abdominal aorta, 885
surface and surgical anatomy of, 1426

Abdominal cavity, 1155, 1411

apertures of, 1157
boundaries of, 1155
fasciae of, 474, 485, 489
pelvic portion of, 485
subdivisions of, 1159, 1411

vessels of, position of, 1426
AMominal incisions, above umbilicus, 1409

l)elow umbilicus, 1410
in iliac regions, 1411
lateral to recti, 1410
median, 1409
through the recti, 1410

Alxlominal inguinal ring, 1408
surgical anatomy of, 1408

Abdominal part of sympathetic, 761

Abdominal wall, fasciae of, 474, 485, 489
muscles of, 475
surgical anatomy of, 1407

Abducens nerve, 781

development of, 683
morphology of, 795
nucleus of, 568, 600
origin of, deep, 600

superficial, 600, 781

Abduction, 401

Abductor hallucis muscle, 432, 434

action of, 434
nerve-supply of, 434

Alxluctor hallucis muscle (contd.), surgical

anatomy of, 1465
Abductor pollicis brevis muscle, 392

action of, 392
nerve-supply of, 392

pollicis longus muscle, 399
quinti digiti muscle of hand, 393

action of, 393
nerve-supply of, 393

quinti digiti muscle of foot, 433
action of, 433
nerve-supply of, 433

Aberrant arteries, 1054
Abnormalities of arteries, 1051

anterior tibial, 1057
aorta, 1051

branches of aortic arch, 1051
axillary, 1055
basilar, 1055
brachial, 1055
bronchial, 1052
cccliac, 1053
common carotid, 1054
coronary, 1051
external carotid, 1054
external iliac, 1057
femoral, 1057
gastric, 1053
hepatic, 1053
hypogastric, 1057
iliac, common, 1056
inferior mesenteric, 1054
innominate, 1054
intercostal, 1052
internal carotid, 1054
internal mammary, 1055
lumbar, 1053
obturator, 1057
phrenic, inferior, 1053
popliteal, 1057
posterior tibial, 1057
pulmonary, 1051
i-adial, 1056
renal, 1053
sacral, middle, 1053
splenic, 1053
subclavian, 1055
superior intercostal, 1055

mesenteric, 1053

1469
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Abnormalities of arteries (contiJ.)—
testicular, 1053-

ulnar, 1056
vertebral, 1055

Abuormalities of the heart, 1051
Abnormalities of the lymph vessels, 1060
Abnormalities of the vascular system, 1050
Abnormalities of veins, 1058

facial, posterior, 1059
hemiazygos veins, 1058
jugular, anterior, 1058

external, 1058
internal, 1058

of lower extremity, 1060
of upper extremity, 1059
vena azj-gos, 1058
vena cava inferior, 1059

superior, 1058
Abscesses of the scalp, 1357

alxiominal, 1427
in back of thigh, 1457

Accessory nerve, 726
cerebral part of, 595
nucleus ambiguus, 595, 596
nucleus of origin of, 595
spinal part of, 595
surgical anatomy of, 1393

Accessory processes of vertebrae, 96
Acetabular artery, of obturator, 940 ; of medial

cii-cumflex of thigh, 949
Acetabular fossa, 234
Acetabulum, 234
Achromatic spindle, 10, 13

substance, 8, 10
Acini, 1132
Acino-tubular glands, 1132
Acinous glands, 1132
Acoustic area and fibre tracts, 656

development of, 622
meatus of ear, external, lympli vessels of, 1004
radiation, 643, 656

Acoustic nerA'e, 784
area acustica, 604
cochlear nerve, 604

central connexions of, 606
development of, 683
Deiters' nucleus, 605
divisions of, 604
dorsal cochlear nucleus of, 604
lateral nucleus, 605
origin of, 604
roots of, 784
spiral ganglion of, 604
superior nucleus, 605
ventral cochlear nucleus, 604

vestibular ganglion, 604
vestibular nerve, 604

Bechterew's nucleus, 605
doi-sal vestibular nucleus, 604
nucleus of descending tract, 605
principal nucleus, 604

Acromial angle, 203
artery, 916

morphology of, 297
Acromio-clavicular joint, 318

ligaments of, 319
movements at, 319, 373
surgical anatomy of, 1444
topography of, 1444

Acromion, 200
surgical anatomy of, 1444

Actions of muscles of foreaini, 401

Actions of muscles (contd.), of leg and foot, 435
of thigh, 421

Adamant, 1113, 1122
cells, 1245, 1247
cuticle, 1122
development of, 1247
formation of, 1247
germs, 1245
organs, 1245 \

jirisms, 1122
Addison's transpyloric plane, 1411

Adduction, 401
Adductor brevis muscle, 412

actions of, 412
nerve-supply of, 412

hallucis muscle, 434
action of, 434
nerve-supjily of, 434

longus muscle, 411 '

actions of, 412
nerve-supply of, 412
surgical anatomy of, 1459
tenotomy of, 1459

magnus muscle, 412
actions of, 413
nerve-supply of, 413
relations, 413
surgical anatomy of, 1461

minimus muscle, 413
poUicis muscle, oblique part, 393

action of, 393
nerve-supply of, 393

transverse part, 393 ~

action of, 393
nerve-supply of, 393

Adductor canal, 414
Adductor tubercle of femur, 242, 412

surgical anatomy of, 1459, 1461

Adenoids, 1385
Aditus ad antrum. Appendix A, 271

surgical anatomy of, 1365
larjTigis, 1068

Adrenin, 1341
Adventitious ligaments, 305
.Equator bulbi oculi, 807

lentis, 820
Affensimlte, 660
Agger nasi, 803
Aggregated lymph glands, 1181

Agitator caudge muscle, 415
Air-cells, ethmoidal, 140, 804, 1373

surgical anatomy of, 1372
of lung, 1099, 1101
mastoid, 133, 836, 1370

surgical anatomy of, 1370
Air-sinuses, 84, 183

frontal, 270, 1371
maxiUary, 148, 188, 1378
nasal, 185
sphenoidal, 135, 183, 1373

Akanthion, 285
Akrocephalic skulls, 286
Ala cinerea, 551

lobuli centralis cerebelli, 575
magna ossLs sphenoidalis, 134
nasi, 799
parva ossis sjihenoidalis, 135

sacralis, 98
vomeris, 144

Alar folds of knee, 348
lamina of neural tube, 682
ligaments of epistropheus, 92, 311
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Alar process of ethiuuid, 140
sulcus of nose, 799 :

Albumen of ovuiu, 14

Alecithal ovum, 14

AliiiK'utiiy ciiial, 11U4
accessory digestive glands, IKKi

amd canal, 1105, 1228, 1I-J2

aiierture of larynx, 110')

ascending colon, 1105, 1:^1 1, 1219
ciucum, 1105, 1211, 1213
descending colon, 1105, 1211,1221, H-r.i

development of, 41, 1249

dumlenum, 1105, 1177, 1182
ileum, 1105, 1208
iliac colon, 1105, 1222, 142:i

isthmus of the fauces, 1105, 1112, KWa,
1442

jejunum, 1105, 1210, 1420

mouth cavity, 1105, 1106, 1242

a^sophagus, 45, 1105, 1150, 1249, 1393,

1407
palate, 49, 174, 1105, 1110, 1379, 1384

pancreas, 47, 1106, 1203, 1426, 1439

parts of, 1105
pelvic colon, 1105, 1222, 1423
pharynx, 1105, 1140, 1242, 1383, 1396

primitive entoilermal development of, 38

rectum, 1105, 1224, 1252, 1430

salivary glands, 1106, 1133, 1140, 1249

special organs found in walls of, 1105

stomach, 47, 1105, 1163, 1416
transverse colon, 1105, 1219, 1422

valve of colon, 1105, 1214, 1421

vermiform process, 1105, 1215, 1421

Alisplienoids, 136
development of, 138

Allantoic arteries, 65
body-stalk, 54
diverticidum, 38
stalk, 54
veins, 68

Allantois, 38
Allelomorphs, 19

Alveolar arch, 148, 1119

artery, anterior superior, 899

inferior, 899
posterior sujierior, 899

canal, inferior, 156, 157

posterior, 147
ducts of lungs, 1 101

glands, 1133
index, 287
nerve, anterior superior, 777

inferior, 780
middle superior, 777
posterior superior, 775

point, 285
process, 148
veins, 968

Alveoli of glands, 1133

of jaws, 156
development of, 149, 157

pulmonum, 1101

of the teeth, 1119

Alveolo-dental periosteum, 1115, 1123

Alveolo-glossal sulcus, 1383

Alveus, 627
Ameloblasts, 1245

Amitosis, 9

Amnion, 54, 55

cavity of, 54, 60
distention of, 55

Amuiou (contii), false, 22
Huid, 63
fold, 22
formation of, 54, 60
true, 22

Amphiarthroscs, 300
devclopniiiit of, 304

Ampulla ductus deferentis, 1292

duodeni, 11H6

lacrimalis, 825

of lactiferous duct><, 1338

membranacea, 848

ossea, lateralis, posterior, superior, 844

of rectum, 1226, 1227

of semicircular canals, membranous, 848
;

osseous, 844
of uterine tidje, 1314

Amygdala (tonsil), 1145

of cerebellum, 575
Amygdaloid nucleus, 641

tubercle, 636
Anal canal, 1228

columns of, 1230, 1231

course of, 1229
development of, 48
hsemorrhoidal ring of, 1233

orifice of, 1232
relations of, 1229
sinuses of, 1231

structure of, 1229
transvei-se folds of, 1230

surgical anatomy of, 1430

tunica mucosa of, 1230

vessels of, 1233
white line of, 1430

veins, 1233
Anal part of rectum, 1228

Anal valves, 1231

Analogy, 2

Anaphase, 10, 14

Anapophysis, 284
Anastomoses, arterial segmental, 1042

Anastomosis, 943, 951
Anastomotic arterial branches of brachial, 919

of femoral, 951

of inferior gluteal, 943
of vertebral, 971

vein of Trolard, 907
Anatomical neck of humerus, 205
Anatomy, 1

surgical, 1357
systematic, 4

topographical, 4

Anconteus muscle, 398
action of, 398
nerve-supply of, 398

Angeiology, 3

Angle or Angidus

—

acromial, 203
cephalo-aiiricular, 828
facial, 286
frontalis of parietal bone, 119

inferior lateral, of sacrum, 99

inferior scapuhe, 201

infracostal, 1407
infrasternal, 114

lateralis scapulie, 201

of mandible, 155
ditlerences in, due to age, 158
surgical anatomy of, 1392

niastoideus of parietal bone, 119
medialis scapulte, 201
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Angle or Aiigulus (contd.), occipitalis of parietal,

119

pubis, 217
of rib, 97, 98, 99, 100
sacro-vertebral, 109

sexual differences in, 238
sphenoidalis of parietal l:)one, 119

of the sternum, 107
Angular artery, 894

gyrus, 665
surface anatomy of, 1360

process of frontal bone, 115, 160, 166

surface and surgical anatomy ©f, 1364

spine of sphenoid, 136
vein, 967, 969

Animal cell, structure of, 7

Animal cells, division of, 9

amitotic, 9

mitotic, 9

reproduction of, 8

Ankle, surface and surgical anatomy of, 1464

Ankle-joint, 351
eflfiLsious into, 1464
Une of, 1463
movements of, 353, 436

muscles producing, 436
nerves of, 731, 733
synovial layer of, 1464

surgical anatomy of, 1464
tendons around the, 1465

Annectant gyri of calcarine fissure, 660, 661

of interparietal sulcus, 664
of parieto-occipital fissure, 662

gyrus, deep, of central sulcus, 663
Annular ligament of base of stapes, 841

of the radiiLS, 326
plexus of cornea, 810

Annuli fibrosi cordis, 879
Annulus femoralis, 405

fibro-cartilagineus of membrana tympani,
834

fibrosus, 307
inguinalis abdominalis, 481, 483, 1408
inguinalis subcutaneus, 477, 1408
tympanicus, 142

Ano-coccygeal body, 1224
plexus, 738

Ano-cutaneous line, 491
Ansa hypoglossi, 698, 699, 794

leuticularis, 641
peduncularis, 545
subclavia, 759

Ante-cubital lymph glands, 759
Anterior ethmoidal artery, 903

cells, 1373
skiagraphs of, 1373
surgical anatomy of, 1372

Anterior rami of spinal nerves, 692
Antibrachiuin, 382, 1450
Anticlinal vertebra, 101

Antihelix, 828
development of, 52
fossa of, 828

Antithesis in muscular action, 452
Antitragicus muscle, 829
Antitragus, 828
development of, 52

Antrum, maxillary, 149, 804, 1378
relation of moLar teeth to, 1113, 1119
surgical anatomy of, 1378

pyloricum, 1169, 1173
changes in, during digestion, 1173

Antrum (contcl), tymjianic, 191, 834, 836
development of, 44, 842

in frontal section of skull, 191

formation of, 842
openings into, 834, 836, 1369, 1371
relation of, to tympanum, 836
surface and surgical anatomy of, 1369,

1371
Anus, 1232
development of, 48
imperforate, 1223
sphincter ani externus, 1232
surgical anatomy of, 1430

Aorta, 884
abdominal, 885 ; surface and surgical ana-

tomy of, 1426
branches of, 886, 927

paired visceral, 927
ovarian, 928

branches of, 928
renal, 927
spermatic, internal, 928
suprarenal, 927

branches of, 927
testicular, 928

branches of, 928
relations of, 928

parietal, 933
unpaired visceral, 928

relations of, 886
abnormalities of, 1051
arch of, 884

abnormalities of, 1050
branches of, 885

abnormalities of, 1050
development of, 968, 1027, 1028
relations of, 885
surface anatomy of, 1405

ascending, 884
branches of, 884
development of, 68
relations, 884
surface anatomy of, 1405

bifurcation of, 1050
variations in, 1050

descendens, 885
branches of, 924

parietal, intercostal, 926
subcostal, 926

visceral, bronchial, 925
mediastinal, 925
(Desophageal, 925
pericardial, 925

formation of, 67, 1027
morphology of, 1045, 1047
relations, 885

development of, 67, 1027
great sinus of, 884
primitive, branches of, 1027
development of, 67, 1027
dorsal, 65
formation of, 1027
morphology of, 1045, 1047
subciivision of, 884
ventral, 65

relations of, 884
sinuses of, 884
thoracic, 885

descending, 885
branches of, 924
vas aberrans of, 927

ventral, 1026, 1027



INDEX. 1473

Aortic arches, 67, 1405
abnormal itiea of, 1050 -•

branches of, 67
development of, 67, 1027, 1028
dorsal roots of, 67
tirst aortic arch, 65, 1027
morphology of, 67, 1046
segmental branches of, 1043

ventral roots of, 67
area, 1405
bulb, 1035

abnormalities of, 1051

division of, 1035
septum of, 1035

cusp of mitral valve, 878
opening of diaphragm, 473
opening of heart, 878, 884

surface anatomy of, 1405
plexus, 762, 765
valve, 878
vestibule, 843

Aortico-renal ganglion, 764
Apertura externa aquaiductus cochleai, 129,

845
externa aquaiductus vestibuli, 843

lateralis ventriculi quarti, 553
medialis ventriculi quarti, 553
pelvis (minoris) inferior, 237

superior, 236
piriformis, 163
measurement of, 287

superior canaliculi tymj^ani, 129
thoracis inferior, 114

superior, 114

tympanica canaliculi chorda}, 834
Aperture, laryngeal, 1068
Apertures of abdominal cavity, 1157
Apex auricuhe (Darwini), 828

capituli fibulae, 250
columnie posterioris, 523
of heart, 872
of lung, 1092, 1398
ossis sacri, 99
patelke, 245
prostatse, 1302

Apical bronchus, 1098
Aponeurosis, 364

epicranial, 447, 449
intercostal, 470
of palate, 1111
palmar, 384
pharyngeal, 1149
plantar, 423
vertebral, 437

Apophysis, submalleolar, 282
Apparatus digestorius, 1103

lacrimalis, 824, 1377
respiratorius, 1061
urogenitalis, 1257

Appendages of skin, 858
Appendices of auricles, see Auricles

epiploicae, 1211, 1212
testis, 1287
vesiculosi (Morgagni), 1287

Ai)pendiciilar artery, 932, 1421
lymph gland, 1020, 1023
muscles, 365
skeleton, 82

morphology of, 294
vein, 1421

Appendix epididymidis, 1287
ventriculi laryngis, 1071

Aquaeductus cerebri, 542, 545, 581, 584,

618
cochlea, 129, 845
development of, 37, 592

Aquaiductus vestibuli, 843
external aperture of, 131

Aqueous humour, 821
Arachnoidea encepliali, 670, 671

grauulationes arachnoideales, 672
functions of, 673

spinalis, 670
Arachnoideal villi, 672
Arbor vitte cerebelli, 577

uteri, 1317
Arch, alveolar, superior, 148

anterior, of atlas, 91

aortic, 884
abnormalities of, 1050
branches of, 67
development of, 67, 1027, 1028
surface anatomy of, 1405

caudal, 68
cephalic, 67, 1405

arterial, of wrist and hand, 923
branches of, 923

carpal, anterior (volar), 923, 924

dorsal, 920
dental, 146, 1119
femoral, deep, 405

superficial, 405
glosso-palatine, 1111, 1112, 1145

hyoid, 43
muscles- produced from, 496
nerve of, 796

mandibular, 43
branchial muscles produced from, 496
nerve of, 796

palmar, deep, 923, 924
abnormalities of, 1055

morphology of, 1055
surgical anatomy of, 1454

superficial, 923, 924
abnormalities of, 1055
morphology of, 1055
surgical anatomy of, 1454

phar}iigo-palatine, 1111, 1112, 1145

plantar, 954
abnormality of, 1057

morphologj- of, 1057
surgical anatomy of, 1465

posterior, of atlas, 91

superciliary, 116, 1374
thyreo-hyoid, 42, 43

muscles produced from, 496
nerve of, 796

transverse (osseous), of foot, 361

transverse, venous, of foot, 988
venous, dorsal, of ftwt, 988

morphologv of, 1050

of hand, 978

"

morphology of, 1050

vertebral, 88
of fifth lumbar, variation in, 275

ossification of, 104, 105

serial homology of, 283

volar, deep, 924
brancnes of, 924

superficial, 924
liranches of, 924

zygomatic, 167, 169

surgical anatomv of, 1364, 1365, 1375
Arches, alveolar, 148, 1119
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Arches, aortic, 67, 1405
dorsal roots of, 1027
segmental branches of, 1042
ventral roots of, 1027

arterial, of wrist and liand, 924
axillary, 371

nerve-suiii^ly of, 371
of fauces, 1111, 1145
of foot, 361
superciliary, 116, 1374
tarsal, of eyelids, 823
visceral, 42, 43

muscles produced from, 496
relation of, to cerebral nerves, 796, 798

Architecture of bones

—

bones of foot, 274
carpus, 272
clavicle, 271
femur, 273
fibula, 274
frontal bone, 270
hip-bone, 273
humerus, 272
lacrimal, 271
mandible, 271
maxilla, 271
metacarpus, 272
occipital bone, 270
parietal bone, 270
patella, 274
jjhalanges, 272
radius, 272
ribs, 270 .

•

scapula, 271
sphenoid, 271
sternum, 270
temporal, 271
tibia, 274
ukia, 272
vertebrae, 270
vomer, 271
zygomatic, 271

Arcuate eminence, 130, 133
fibres, external, 548, 563, 566

development of, 566
internal, 556, 560, 561

development of, 566
posterior external, 563

ligament of pubis, 338
nucleus of medidla, 551, 554

development of, 566
Arcus lumVjo-costalis lateralis (Halleri), 472

medialis (Halleri), 472
senilis, 810
superciliaris, 116
tarseus inferior et superior, 823
tendineus m. levatoris ani, 491

Area of absolute cardiac dulness, 1398
acustica, 656, 657
amniotic, 54
aortic, 1405
bucco-pharyngeal, 27, 42
chorionic, 21
cochlejje, 844
embryonic, 22
facial, 846
mitral, 1405
motor, of the brain, 663
nervi facialis fundi meatus, 846
olfactory, 622
jjarasplenalis, 665
parastriata, 660

Ai'ea (contd.), jjarieto-occipital, 665
pericardial, 27, 65
peristriata, 660
piriformis, 624

of Eablet, 624
.

placental, 56
postrema, 551
praecentralis anterior, 666

intermedins, 666
posterior, 666

precentral, 666
pulmonary, 1405
sensory, 662
striata, 659
temporalis polaris, 657
tricuspid, 1405
vascular, 64
vestibularis inferior et superior, 846
visual, 658

Areas of Flechsig, 564
Areola mammae, 1337
Areolar coat of liver, 1198
Areolar glands, 1337
Arlt, sinus of, 825
Arm, development of, 39

fasciae of, 378
intermuscular septa of, 378
lateral bicipital furrow of, 1448
lymph vessels of, 1006
medial bicipital furrow of, 1447
medial supracondylar triangle of, 1447
muscles of, 378
surface and surgical anatomy of, 1447

Arrectores pilorum, 861

Arteria hyaloidea, 819
Arterial arches of wrist and hand, 923
Arteriola macularis inferior et superior,

818
nasalis retinae inferior et superior,

818
temporalis retinae inferior et superior,

818
Arteriolae rectae, 1269
Arterioles, capillary, '868

Artery or Arteries ; Arteria or Arteriae, 868,

882
aberrant, 1054
abnormalities of, 1050
acetabular, of medial circumflex of thigh,

949
acetabuli (of obturator), 940
acromial, 916
allantoic, 65
alveolar, anterior superior, 899

inferior, 899
posterior superior, 899

anastomotic, of arteria suprema genu, 951

of inferior ulnar collateral of brachial,

919
of inferior gluteal, 942
of vertebral, 910

angular, 894
anonyma, 888
appendicular, 1421
arciform, 1269
articular, art. genu media,' of iJOpliteal, 952

of deep volar arch, 924
of dorsal carpal arch, 923
of lateral plantar arch, 357
lateral, of jjopliteal, 951

surgical anatomy of, 1461

of medial circumflex, 949
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Artery or Arteries {contd.)—
.'irticiilar (contd), medial, '>[ jxipliti-al,

!)r>l

auditiva interna, 852
auditory, internal, 8f)3

auricular, deep, 898

of occipital, 895
posterior, 895

branches, 895
auricular, 896
occipital, 896
stylo-niastoid branch of, 895

course and relations, 895

surgical anatomy of, 1365

axial skeleton, 82
axillary, 914

abnormalities of, 1055
branches of, 916
couree of, 914
formation of, 1047

relations of tirst i»art, 915

of second part, 916
of third part, 916

surgical anatomy of, 1445

basilar, 907
abnormalities of, 1055
branches, 907

auditory, internal, 907
cerebellar, anterior inferior, 907

superior, 907
pontine, 907

course and relations, 907
formation of, 1046
morphology of, 1047

bicipital, 917
blood-vessels of, 870
brachial, 917

abnormalities of, 1055

bifurcation of, 1450
branches of, 918

inferior ulnar collateral, 919

muscular, 918
nutrient, 919
profunda artery of the arm, 918

superior ulnar collateral, 919

course of, 917
formation of, 1047
relations of, 918
surgical anatomy of, 1448

bronchial, 1096
abnormalities of, 1051
morphology of, 1046

buccal, of external maxillary, 894

of internal maxillary, 899
buccinator, 899
bulbi urethne, 942

surgical anatomy of, 1427

vestibuli (vaginte), 942
ctecal, 932
calcaneal, medial, 955
calcarine, 908
canalis pterygoidei (Vidii), 900
capsular, of liver, 933
carotico-tympanic, 902

carotid, common, 889
abnormalities of, 1054

formation of, 67
morphology of, 1047

surgical anatomy of, 13S6, 1389,

1391

left, 889
abnormalities of, 1053

Artery or Arteries (contd.)—
carotiil, <<iniiiion, \eh (contd.), cervical portion

of, 889
relations of, 889
tlioracic portion of, 889

right common, 890
abnormalities of, 1054
relations of, 890

external, 891
abnormalities of, 1054

branches, 891

course, 891

development of, 67
morphology of, 1047

rehitions, 891

surgical anatomy of, 1391

internal, 900
aljuormalities of, 1054
branches of, 902

anterior cerebral, 904
branches of, 904

anterior medial frontal, 904

antero-medial basal, 904
medial orbitiil, 904

carotico-tympanic, 902
cavernous, 902
chorioidal, 904
hypophyseal, 902
meningeal, 902
posterior communicating, 904

course, 900
development of, 67

morphology of, 1047

relations, 900, 901
carpal, radial, dorsal, 920

volar, 920
ulnar, dorsal, 923

volar, 922
cavernous, 902
central, of middle cerebral, 905

of posterior cerebral, 908
centralis retinte, 903
cerebelli inferior anterior, 907

posterior, 907
superior, 907

cerebral, anterior, 904
abnormalities of, 1054
branches of, 904

anterior medial frontal, 904
antero-medial basal, 904
intermediate medial frontal, 904
medial orbital, 904
posterior medial frontal, 904

cerebral, middle, 905
branches of, 905

ascending frontal, 905
parietal, 905

inferior lateral frontiil, 905
lateral striate, 905

orbital, 905
medial striate, 905
parieto-temporal, 905
temporal, 905

cerebral, posterior, 908
branches of, 908

calcarine, 908
chorioidal, posterior, 908
parieto-occipital, 908
jjostero-lateral, 908
temporal, anterior, 908

pasterior, 908
cervical, ascending, 910
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Ai'tery or Ai'teiies (contd.)—
cervical, ascending (contd.), morphology of,

1047
deep, 914

morpliology of, 1047
transverse, 911

branches, ascending, 911, 1320
descending, 911

cliorioidal, anterior, 904
posterior, 908

ciliary, 903
anterior, 813, 903
long, 813
posterior, 903
short, 903

circumflex, anterior, of humerus, 917

surgical anatomy of, 1447

iliac, deep, 945
branches of, 946

course of, 946
superficial, 947

lateral, of thigh, 949
medial, of the thigh, 949

posterior, of humerus, 917
surgical anatomy of, 1447

of the scapula, 917
clavicular, 916
coccygeal, 935
cceliac, 928

abnormalities of, 1053
branches of, 929

gastric left, 929
branches of, 929

hepatic, 930
splenic, 929

branches of, 929

left gastro-ejiiploic, 930
pancreatic, 930
short gastric, 930

morphology of, 1047

relations of, 929 ',

surgical anatomy of, 1418

colic, 932
colica dextra, 932

media, 932
sinistra, 932

collateralis ulnaris inferior, 919
superior, 919

comitans nervi mediani, 922

nervi phrenici, 913
common digital, of foot, 955

of hand, 924
comniunicating, anterior, 904

of volar interosseous, 922

of deep volar arch, 924
peroneal, 953
posterior, 904

aVjnormality of, 1056

tibial, 953
coronary, of external maxillary, 894

surgical anatomy of, 1379
left, of heart, 887 ; right, 887

abnormalities of, 1051
of stomach, 929

abnormalities of, 1053
morphology of, 1047

of corpus cavemosum penis, 942
costo-cervical trunk, 914

branches of, 914
deep cervical artery, 914
superior intercostal artery, 914

crico-thyreoid, 892

Artery or Arteries {contd.)—
cystic, 930
deferential, 939
diaphragmatic, of aorta, 933

of inferior phrenic, 933
of jjericardiaco-phrenic, 913
of superior phrenic, 914, 926

digital, of foot, 955, 958
of hand, 920, 924
morphology of, 147
surgical anatomy of, 1454

digital plantar, 954
volar, 924

special digital arteries, 924
dorsal metatarsal arteries, 958

abnormalities of, 1055
dorsalis clitoridis, 942, 1428

linguae, 892
pedis, 957

branches of, 957
course of, 957
surgical anatomy of, 1465

penis, 942
poUicis, 920
radialis, 920

of ductus deferens, 939, 945
elastic lamina of, 868
endothelium of, 868
epigastric, inferior, 944

branches of, 944
pubic, 945
spermatic, external, 945

formation of, 1030
morphology of, 1045
surgical anatomy of, 1408

superficial, 947
superior, 913

ethmoidal, anterior, 903
posterior, 903

external iliac, 945
branches of, 944

external maxillary, 893
branches, 893

angular, 894
ascending palatine, 893

buccal, 894
inferior labial, 894
lateral nasal, 894
masseteric, 894
submaxillary, 893
submental, 894
superior labial, 894
tonsillar, 893

course, 893
formation of, 1028
relations, 893
surgical anatomy of, 1375, 1379, 1391

external spermatic of inferior epigastric,

945
facial, transverse, 897
femoral, 945

abnormalities of, 1057
branches, 947
course, 947
formation of, 1031
morphology of, 1048
relations, 947
sheath, 947
surgical anatomy of, 1459

fibular, 953
frontal, of ophthalmic, 904

surgical anatomy of, 1358
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Artery or Arteries (contd.)—
i'lontal, of superficial teiiii)oraI, 8i)7

ganglionic, of middle meningeal, 898
ot internal carotid, 902

gastric, 929
morphology of, 1046

short, 930
gastro-duodenal, 930
gastro-ej)ii)loic left, 930

right, 930
genu suprema, 951

branches of, 951

gluteal, inferior, 942
abnormalities of, 1057

branches of, 943
anastomotic, 943
coccygeal, 943
coniitans nervi ischiadici, 934
cutaneous, 943
muscular, 943

formation of, 1031

morjjhology of, 1048
superficial incisions to expose, 1455

superior, 938
branches of, 938
surgical anatomy of, 1455

luemorrhoidal, inferior, 1232

middle, 939, 1232
superior, 1232

of head and neck, 888

helicine, of the corpus cavernosum penis,

1300
hepatic, 930

abnormalities of, 1053
branches of, 930

gastric, right, 930
gastro-duodenal, 930

gastro-epiploic, right, 930
pancreatico-duodenal, superior, 930

terminal, 930
of inferior phrenic, 933
morphology of, 1047

hyaloid, 826
hyoid, of lingual, 892
hypogastric, 936

abnormalities of, 1057

branches of, 937
of anterior division, 938
of posterior division, 937

course of, 936
morphology of, 1048
relations of, 936

hypophyseal, 902
ileo-caecal, 932
ileo-colic, 932
iliac, common, 935

abnormalities of, 1056
course of, 935
morphology of, 1048
relations of, 935
surgical anatomy of, 1426

external, 943
abnormalities of, 1057

formation of, 1031

morphology of, 1048

surgical anatomy of, 1426

ilio-lumbar, 938
abnormality of, 1057

of inferior extremity, 944
infra-hyoid, 892
infra-orbital, 899

infra-scapular, of circumflexa scapulae, 917

Artery or Arteries (contd.)—
innominate, 888

abnormalities of, 1051, 1052

branches, 888
course, 888
development of, 1028
morphology of, 1047
relations, 888
surgical anatomy of, 1405

intercostal, 925
abnormalities of, 1051

formation of, 1045
morj>hology of, 1045

anterior, 913
superior, 914

abnormalities of, 1052
morphology of, 1045, 1046

interlobar, of the kidney, 1267

interlobulares, of the kidney, 1267

intermediate visceral, 1043, 1046

interosseous, common, 922
dorsal, 922

abnormality of, 1056
formation of, 1031, 1047

of dorsal carpal arch, morphology of,

1048
volar, 922, 1048, 1057

interosseous recurrent, 922
intersegmental, 1043
intestinal, 932
jejunal, 932
labial, inferior, 894

posterior (vulvae), 942
superior, 894

lacrimal, 903
laryngeal, inferior, 911

superior, 892
lateral sacral, 938
lienal, 929
ligamenti teretis uteri, 945

lingual, 892
branches, 892

dorsalis linguae, 892

sublingual, 893
course, 892
development of, 1028
relations, 892
surgical anatomy of, 1382, 1383, 1391

of lower limb, 944
abnormalities of, 1057
formation of, 1031

morpholog}' of, 1048

lumbar, 933
abnormalities of, 1053
formation of, 1029
morphology of, 1045

of ilio-lumbar, 938
lumbar, lowest, 935
lymph vessels of, 870
maculaf, 818
malleolar, lateral anterior, 957

medial anterior, of anterior tibial, 956
of posterior tibial, 953

mammary, external (of lateral thoracic), 916
internal, 913

abnormalities of, 1055

branches, 913
intercostal, 913
musculo-phrenic, 913
pericardiaco-phrenic, 913
smaller, 913
superior epigastric, 913
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Artery or Arteries (contd.)—
maminaiy, internal (contd.), course, 913

formation of, 1030
morphology of, 1045, 1046
surgical anatomj- of, 1398

masseteric, 899
mastoid, of occipital, 895

of posterior auricular, 895
maxillary, external, 893

internal, 898
abnormalities of, 1054
branches, 898

alveolar, posterior superior, 899
anterior tympanic, 898
auricular, deep, 898
descending palatine, 899
infra -orbital, 899
middle meningeal, 898
pharyngeal, 900
pterygoid canal, artery of, 900
spheno-palatine, 900

course and relations, 898
development of, 1028
surgical anatomy of, 1398

median, 834
abnormality of, 1056
morphology of, 1031

mediastinal, anterior, 913
of aorta, 925

meningeal, accessory, 899
anterior, of ophthalmic, 903

of internal carotid, 902
middle, 898

surgical anatomy of, 1359, 1360, 1364
of occipital, 895
posterior (asc. phar.), 896
of vertebral, 907

mesenteric, inferior, 932
abnormalities of, 1054
Isranches, 932

colic, left, 932
hsemorrhoidal, superior, 933
sigmoid, 933

morphology of, 1047
surgical anatomy of, 1426

superior, 931, 1205
abnormalities of, 1053
branches of, 931

appendicular, 932
colic, middle, 932

right, 932
ilese, 932
ileo-caical, 932
ileo-colic, 932
intestinal, 932
pancreatico-duodenal, inferior, 932
terminal, 932

morphology of, 1047
surgical anatomy of, 1426

metacarpal, 920, 923
metatarsal, 958

dorsal, 920, 923
inusculo-phrenic, 913
mylo-hyoid, 899
nasal, lateral, 894

of retina, 818
naso-palatine, 900
nerves of, 870
of nose, 899, 900
nutritise ossium (nutrient, of bones), 87

clavicle, 912
femur 950

Artery or Aj-teries (contd.)—
nutritite ossiimi (nutrient, of bones) (contd.),

^ fibula, 953
hip-bone, 940
humerus, 919
radius, 922
uhia, 922

obturator, 940
abnormalities of, 1057
branches of, 940

occipital, 895, 896
branches, 895

auricular, 895
descending, 895
mastoid, 895
meningeal, 895
sternomastoid, 895
terminal, 895

course, 894
relations, 894

of posterior auricular, 896
oesophageal, of aorta, 926

morphology of, 1047
of inferior thyreoid, 911
of left gastric, 929

ophthalmic, 902
abnormalities of, 1054
branches of, 903

anterior meningeal of, 903
central artery of retina, 903
ethmoidal, 903
lacrimal, 903
palpebral, 904
posterior ciliary, 903
supra-orbital, 903
terminal, 904

course of, 902
orbital, of middle meningeal, 898

of superficial temporal, 897
ovarian, 928

abnormalities of, 1053
morpholog)^ of, 1047
surgical anatomy of, 1427, 1438

palatine, ascending, 893
of ascending pharyngeal, 896
descending, 899

surgical anatomy of, 1384
l^alpebral, 904
pancreatic, 930, 1207

of hepatic, 930, 1207
of splenic, 930, 1207
of superior mesenteric, 932, 1207

pancreatica magna, 930, 1207
l^ancreatico-duodenal, inferior, 932, 1207

superior, 930, 1205, 1207
parietal, of superficial temporal, 897
parieto-occipital, 821

parotid, of posterior auricular, 895
of superficial temporal, 896

pectoral, of thoraco-acromial, 916
penis, 1300
perforating, anterior, of foot, 955, 958

posterior, 955, 958
distal, of hand, 920
of internal mammary, 913
of peroneal, 953
of profunda femoris, 950
proximal, of liand, 920, 924

])ericardiaco-phrenic, 913
pericardial, of internal mammary, 913

of aorta, 925
perineal, 942
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Artery or Arteries (contd.)—
perineal, tiansverse, 942 •

perirenal, !>35

peroneal, 953
almornialities of, 1057

formation of, 1031

morphology of, 104H

.surgical anatomy of, 1463

])liaryngi'al, a.scending, 89G
brandies, 896

inferior tympanic, 806

palatine, 896
pharyngeal, 896
j)osterior meningeal, 896

prevertebral, 896
couree, 896
development of, 1028
relations, 896

phrenic, inferior, 933
altnormality of, 1052

plantar, lateral, 954
branches of, 955

medial, 954
abnormalities of, 1058

course of, 954
surgical anatomy of, 1465

poplitejil, 951
abnormalities of, 1057

branches of, 951

art. genu media, 952

inferior genicular arteries, 952
superior genicular arteries, 951

formation of, 1048
morphology of, 1048
relations of, 951

surgical anatomy of, 1458

presegmental, 66
prevertebral, of ascending pharyngeal, 896

primitive vitelline, 56

princeps cervicis, 895
pollicis, 921
abnormality of, 1056

])rofunda brachii, 918
clitoridis, 942
femoris, 949
linguse, 892
penis, 942
of ulnar, 923

pterygoid, 899
pterygo-palatine, 899

pubic, of inferior epigastric, 945

of obturator, 852

pudendal, internal, 940
branches of, 940

bulb, artery of, 942
hiemorrhoidal inferior, 942

penis, dorsal artery of, 942
penis, profunda artery of, 942
perineal, 942
perineal, transverse, 942

course of, 940
pudendal, deep external, 948

surgical anatomy of, 1428

superticial external, 948
pulmonary, 882

abnormalities of, 1051

development of, 68

left branch of, 883

relations, 884

morphologj' of, 1047

relations of, 882

right branch of, 882

Arteiy or Arteries (ci/iUd.)—
pulmonary, right branch of (ronltl.), branches

of, 882
relations, 882

surface anatomy of, 1408

I)yl(.ric, 930
nHir])li()l<)gv of, 1047

radial, 919
abnormalities of, 1056

liranches of lii-st part, 919
radial recurrent, 919
superficial volar, 919

volar carpal, 920

branches of second part, 920
dorsal metacarpal, 920

dorsal of the thuml), 920

dorsalis indicis radialis, 920

formation of, 1047

morphology of, 1047

relations of fii-st part, 919

of second part, 920
surgical anatomy of, 1454

ladialis indicis, 921
abnormalities of, 1055

surgical anatomy of, 1454

recurrent, of deep palmar arch, 924

interosseous, 922
radial, 919

abnormalities of, 1055

tibial, anterior, 956

posterior, 956
ulnar, 922

renal, 927
abnormalities of, 1425

morphology of, 1046

surgical anatomj' of, 1425

of retina, 814

of round ligament, 945

sacral, lateral, 938
morphology of, 943

middle, 935'

abnormalities of, 1052

morphology of, 68

of scalp, 1357

scapular, circumflex, 917
branches of, 912

course of, 911

scrotal, posterior, 942

segmental, 66, 1044
anastomoses of, 1044

dorsal branches of, 1045

terminal, 913
somatic, 1044
splanchnic, 1044

septal, of nose, 900
sheath of, 870
sigmoid, 933
somatic intersegmental, 1044

spermatic, internal, 928
abnormalities of, 1052

morphology of, 1046

spheno-palatine, 900
spinal, formation of, 1029

of ilio-lumbar, 938

of intercostals, 926
of lateral sacral, 938
of vertebral, 907, 908

splanchnic, 1044, 1047
splenic, 929

abnormalities of, 1052
morphology of, 1047

stapedial, 1028
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Artery or Arteries (contd.)—
stemomastoid, of occipital, 895

of superior thyreoid 892

of stomach, 928

striate, lateral, 905

medial, 905
structure of, 868
stylo-mastoid, 895
subclavian, left, first part of, 909

relations, 909
right, first part of, 909

relations, 909
second part of, 910

relations of, 910
third part of, 910

relations of, 910
abnormalities of, 1055

branches of, 910
thyreo- cervical trunk, 910
vertebral artery, 910

development of, 67, 1028

morphology of, 1046
surgical anatomy of, 1394

subcostal, 926
sublingual, 893
submaxillary, 893
submental, 894
subscapular, 912, 917

branches of, 917
circumflexa scapulae, 917
thoraco-dorsal, 917

of transverse scapular, 912

superficial petrosal, 898
volar, 924

supraorbital, 903
surgical anatomy of, 1358

suprarenal, inferior, 927
middle, 92
superior, 933

supraspinous, 912, 913
suprasternal, 912
sural, 952
systemic, 884

tarsal, lateral, 957
temporal, deep, anterior, 899

posterior, 899
middle, 897
of posterior cerebral, 908
of retina, 818
superficial, 896

branches, 896
frontal, 897
middle temporal, 897
parietal, 897
transverse facial, 897
zygomatico-orbital, 897

course, 896
development of, 1030
surgical anatomy of, 1 359

testicular, 928
thoracic, lateral, 916

supreme, 828
thoraco-acromial, 916

branches of, 916
thoraco-dorsal, 917
thyreoid, inferior, 910

branches of, 910, 911
ascending cervical, 910
inferior laryngeal, 911
CDSophagea], 911
terminal, 911
tracheal, 911

Artery or Arteries (contd.)—
thyreoid, inferior, (contd.), relations of,

910
surgical anatomy of, 1389

superior, 891
branches, 892

crico-thyreoid, 892
sterno-mastoid, 892
superior laryngeal, 892
terminal, 892

course, S91
morphology of, 1047

relations, 891
surgical anatomy of, 1389

thyreoidea ima, 888
morphology of, 1047

tibial, anterior, 955
abnormalities of, 1058
branches of, 955

anterior tibial recurrent, 956
fibular, 956
lateral anterior malleolar, 957

medial anterior malleolar, 956
posterior tibial recurrent, 956

course and relations of, 955
formation of, 1031
morphology of, 1048
surgical anatomy of, 1462

posterior, 952
abnormalities of, 1057
branches of, 953

fibular, 953
peronseal, 953

branches of, 953
communicating, 953
nutrient, 953

posterior malleolar (medial), 953
formation of, 1031
morphology of, 1048
relations of, 953
surgical anal^omy of, 1463

incisioiis to expose, 1463
recurrent, 956

of tongue, 1130
of tonsil, 1147
tonsillar, of external maxillary, 893, 1147

tracheal, 911
transversa colli, 911

scapulae, 911
transverse, of basilar, 907
transverse cervical artery, 911

ascending branch, 911
descending branch, 911

tunica externa of, 868
intima of, 868
media of, 868

tympanic, of internal carotid, 902
• tympanica anterior (of int. maxillary),

898
inferior (of asc. phar.), 896
posterior (of stylomastoid), 895
superior (of middle meningeal), 898

ulnar, 921
abnormalities of, 1056
branches, 922
common interosseous, 922
dorsal interosseous, 922

branches of, 922
xilnar recurrent, 922
volar interosseous, 922

branches of, 922
formation of, 1031
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Artery or Arteries (contd.)—
ulnar (contd.), inorpliology of, 1048

surgical anatomy of, 14r)4

umbilical, 939
of fcjetus, 65, 939
obliteratftl, 939
priniitivi', 65

of upper limb, 909
abnormalities of, 1055
formation of, 1048
morphology of, 1048

ureteral, of internal spermatic and ovarian,
928

of renal, 927
uterine, 940

surgical anatomy of, 1435
of ovarian, 928

of uterine tube, 928
vagina vasis of, 869
vaginal, 939
of vermiform process, 1217, 1421
vertebral, 905

abnormalities of, 1054
anastomosis of, 905
brandies of, 906

anastomotic, 907
anterior spinal, 907
cerebellar, posterior inferior, 907
meningeal, 907
muscular, 906, 907
posterior spinal, 907
spinal, 907

course and relations, 905
development of, 1029
morphology of, 1047
surgical anatomy of, 1395

vesical, inferior, 939
middle, 940
of obturator, 940
superior, 939

vesico-vaginal, 939
visceral, intermediate, 1044, 1047
vitelline, primitive, 66
zygomatico-orbital, 897

Arthrectomy of the knee joint, 1461
Arthrodia, 301
Arthrology, 3, 299
Articular disc, 302

processes of atlas, 91

of cervical vertebrae, 90
of coccyx, 99
of epistropheus, 92
of lumbar vertebrae, 95
of sacrum, 97, 98
serial homology of, 283
of thoracic vertebrae, 94
of twelfth thoracic vertebra3, 95

tubercle of temporal bone, 125, 167

Articulatio or Articulationes

—

acromio-clavicular, 318
surgical anatomy of, 1444
topography of, 1444

atlanto-epistropheal, 309
atlanto-occipital, 310
of auditory ossicles, 840
between bodies of vertebrae, 306
calcaneo-cuboid, 357

ligaments of, 357
surgical anatomy of, 1464

carpal, 329
ciistal row of, 330
proximal row of, 330

Articulatio or Ai'ticulationes (contd.)—
carpal (contd.), synovial strata of, 331

transvei-se carpal, 330
carpo-metacarpal, of tingers, 332

ligaments of, 332
synovial stratum of, 332

of thumli, 332
costo-chondral, 315
coeto-transverse, 314
costo-vertebral, 313
coxae, 339

articular surfaces of, 339
capsule of, 340
ligaments of, 340
movements of, 342
synovial stratum of, 341

crico-arytienoid, 1066
crico-thyreoid, 1065
cubiti, 323

fibrous stratum of articular capsule of, 324
ligaments of, 324
movements at, 325
synovial pads of fat of, 325

layer of, 325
cuneo-cuboid, 358
cuneo-navicular, 357
of fingers, 334
of the foot, 351
genu, 342

articular surfaces of, 342
different parts of, 343
ligaments of, 344
menisci of, 347
movements of, 348
patellar surfaces in, 343
synovial stratunx of, 348

of hand, 329
of heads of ribs, 313
humero-radial, 323
humero-ulnar, 323
of humerus, 320, 326
incudo-malleolar, 840
incudo-stapedial, 840
intercarpal, 329
interchondral, 315
intercoccygeal, 309
intercuneiform, 358
intermetacarpal, 332
movements at, 334

intermetatarsal, 360
interphalangeal, of hand, 334

articular capsule of, 334
ligaments of, 334
movements of, 334
synovial stratum of, 334

of foot, 361

intertarsal, 354
ligaments of, 354
movements at, 361

mandibular, 312
articular disc of, 312
movements of, 313
synovial stratum of, 312

metacarpo-phalangeal, 333
ligaments of, 333
movements at, 334
surgical anatomy of, 1454

metatarso-phalange^il, 360
movements at, 361
surgical anatomy of, 1464, 1465

of pelvis, 335
sacro-lumbar, 335

95
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Articulatio or Ai'ticulationes (contd.)—
of jjelvis (contd.), sacro-iliac, 335

articular capsule of, 336
articular caA'ity of, 336
ligaments of, 336

of pisiform l)one, 331
radiocarpal, 328

articular capsule of, 328
movements at, 329
surgical anatomy of, 1450
synovial stratum of, 329

radio-ulnar, distal, 327
synovial stratum of, 327
triangular disc of, 327

proximal, 326
sacro-coccygeal, 308
sacro-iliac, 335

topography of, 1455
of shoulder, bursse of, 322

fibrous stratum of capsule, 321
intra-cajJsular structures, 322
ligaments of, 321, 322
synovial stratum of, 322

sterno-clavicular, 317
articular disc of, 318
movements at, 319, 373
surgical anatomy of, 1444

sterno-costal, 315
of sternum, 317
talo-calcaneal, 354
talo-calcaneo-navicular, 355

ligaments of, 355
talo-crural, 351

ligaments of, 352
movements of, 353
synovial stratum of, 353

talo-navicular, 355
tarsal, transverse, 357
tarso-metatarsal, 359

intermediate, 359
lateral, 359
medial, 359

surgical anatomy of, 1464
of the thumb, 332

articular capsule of, 332
movements of, 332
synovial stratum of, 332

tibio-fibular, 349
articular capsule of, 349
ligaments of, 350

of toes, 361
transverse tarsal, 357

cuneo-naviciilar, 357
articular capsule of, 358
synovial stratum of, 358

Articulations between vertebral arches, 307
Ary-epiglottic folds, 1068

development of, 45
muscle, 1074

Arytfenoid cartilage, 1064
development of, 44
ossification of, 1065
processus muscularis of, 1065

vocalis of, 1065
sesamoid cartilages of, 1065

muscle, 1074
action of, 1076

Ary-vocalis muscle, 1076
action of, 1076

Ascending aorta, surface markings of, 1405
Ascending branch oi' tratjsverse cervical artery,

1320

Ascending colon, surgical anatomy of, 1422
Ascending degeneration of nerves, 532

jialatine arterj^, 893
Association areas, 645
Association fibres, 648

of cerebral hemispheres, 648
intersegmental, 538
long, 648
of medulla oblongata, 556, 560
short, 648
of sj)inal -medulla, 534, 538

Asterion, 165, 171, 285
Asymmetry, 4
Atlanto-epistropheal joint, 309

movements at, 31

1

Atlanto-occipital joint, 310
Atlas, 91

anterior arch of, 91
arches of, 91
articular facets of, 91
fovea dentis of, 91
lateral masses of, 91
ossification of, 104
]DOsterior arch of, 91

tubercle of, 91
serial homology of, 283
transverse ligament of, 310

process of, 91
surgical anatomy of, 1393

tubercle of, 91
Atresia ani, 48
Atria of heart, 873
Atrio-ventricular apertures, 877

mitral, 876, 877
tricuspid, 877

sulcus, 871
surface anatomy of, 1403

Atrium dextrum, 873
left, 875

mitral orifice, 876
meatus nasi, 830
of primitive heart, 1033
right, 873

crista terminalis, 874
foramen ovale, 875
fossa ovalis, 874
interior of, 874
musculi pectinati, 874
tricuspid orifice of, 874
tuberculum intervenosum, 875
valve of the coronary sinus, 875
valve of the inferior vena cava, 874,

875
venae cordis minimte, 874

sinistrum, 875
Attic, tympanic, 1368, 1369
Auditory area of cerebral cortex, 656

artery, internal, 853
epithelium, development of, 50
labyrinth, 843
meatus, external, 830

blood-vessels of, 832
ceruminous glands of, 832
development of, 52
foramen of Huschke of, 832
isthmus of, 830
lymph vessels of, 832
nerves of, 832
structure of, 831
surgical anatomy of, 1 365
variation in, 278

internal, 845
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Auditory, meatuf, internal (cuntil.), absence of,

278
nerve, 852
organ, 827
o.ssicles, 838

articulations of, 840
develoj»nient of, 841
incus, 840
ligaments of, 841
malleus, 839
stapes, 840

pit, 863
radiation, 643, 656
teeth of Huschkf, 850
tube, 837, 838

blood-vessels of, 838
bony part of, 837
canal of, 128, 837, 838
cartilaginous i)art of, 837
catheter, paasage of, 1385
in child, 838
cushion of, 1143
development of, 44, 52
dilator muscle of, 838
dilator tubte muscle, 838
fascia salpingo-pharyngea, 838
groove for, 138
isthmus of, 837
lamina, membranous, of, 838
nerves of, 838
ostium pharyngeum of, 838, 1143

tympanicum of, 834
pars cartilaginea of, 837

ossea of, 128, 837
pharyngeal orifice of, 837, 838
processus tubarius of, 838
sulcus of, 838
surgical anatomy of, 1368, 1369, 1385
tonsil of, 838
torus tubarius of, 838, 1143
tympanic orifice of, 837

vesicle, 506
Auricle of ear, 827

antihelix of, 828
antitragus, 828
apex of, 828
cartilage of, 829
Cauda helicis, 829
concha of, 827
crura of, 828
crus helicis of, 827
cymba concha; of, 827
development of, 44, 52, 76, 78
fissure, antitrago-helicine, 829
fossa triangidaris of, 828
helix of, 827
incisura intertragica, 82P

terminal is, 829
isthmus of, 829
ligaments of, 829
lobule of, 828
muscles of, 829

antitragicus, 829
helicis major, 829

minor, 829
obliquus auricuhe, 830
tragicus, 829
transversus auricuhe, 830

nerves of, 830
ponticulus, 829
scapha of, 828
skin of, 830

Auricle (contd.), spina helicis, 829
structure of, 829
sulcus antihelicis transversuf<, 829

cruris helicis, 829
tragus, 828
tubercle; of, 828
tuberculum supratragicuni, 828
vessels of, 830

Auricles of heart, 874, 875, 1032
Auricula, 827

(coi-dis) dextra, 874
sinistra, 875

Auricular artery, deep, 830, 898
of occipital, 895
posterior, 895

surgical anatomy of, 1365
cartilage, 829
index, 828
muscle, anterior, 449

posterior, 449
superior, 449

nerve-sujijjly of, 449
nerves, 830

of auriculo-temi)oral, 779
great, 695, 696
morphology of, 700

posterior, 783
of vagus, 788

septum, 1033
surface of ilium, 230

of sacrum, 99
vein, posterior, 967

Auriculo-temporal nerve, 779
Auriculo-ventricular groove, position of, 1403
Auscultation, triangle of, 366
Axial line, dorsal, of limbs, 741, 1397

ventral, of limbs, 741, 1397
muscles, 365, 437
skeleton, 82

Axilla, 1446
folds of, 1446
lymph glands of, 1008
surgical anatomy of, 1446

Axillary arches, 371
nerve-supply of, 371

artery, 914
abnormalities of, 1055
formation of, 1047
surgical anatomy of, 1445

fascia, 369
folds, 1446
lines, 1397
lymph glands, 1447
margin of scapida, 201
region, 1446
sheath, 1447
vein, 977
development of, 1042
morphology of, 1050
surgical anatomy of, 1447

Axis, basi-cranial, 183
cylinder, 509
lentis, 820
optic, 807
pelvis, 237

Axis-ligament of malleus, 841
Axon, 508, 680
Azygos lobe of lung, 1096

veins, 960

Bacillary layer of retina, 817
Rack, fasciiT> of, 365, 437
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Back {c(yntd.), muscles of, 365, 437
actions of, 366, 445
nerve-supply of, 365

regions of, 1437
surgical anatomy of, 1436
vertebral furrow of, 1436

Back of thigli, surgical anatomy of, 1456

Baillarger, bands of, 644
BaU-and-socket joint, 301, 303
Banderella of Giaconimi, 629
Bands of Baillarger, 644
Bands of Meckel, 841

Bar, branchial, 42
hyoid, 43, 159
pliarjTigeal, 42
thyreo-liyoid, 44, 159

Barbula hirci, 830
Bartholin, duct of, 1140

Basal cells of olfactory mucous membrane,
804

ganglia of cerebral liemisplieres, 637

lamina, 682, 684
layer of placenta, 57, 58

plate, 31

vein, 97 '

Base of cranium, 179

of heart, 871

of mandible, 155

Base-line of Eeid, 1360
Basement membrane, 1133
Basi-cranial axis, 183

Basihyal, 159
Basilar artery, 907

abnormalities of, 1055

morphology of, 1047
groove, 128
membrane of cochlea, 849, 850
part of occipital bone, 120, 123

development of, 124

einuB, 974
sulcus of pons, 548
venous plexus, 975

Basilic vein, 979
Basion, 178, 183, 285
Basiotic bone, 278
Basi-pharyngeal canal, 175

Basis cerebri, 540
cochleae, 844
cordis, 871
cranii, 179
mandibulae, 155

modioli cochleae, 844
ossis hyoidei, 158
pedunculi, 591
stapedis, 840

Basi-sphenoid, 139

Basket-cells, 580
Bechterew, nucleus of, 605
Beraud, valve of, 825
Bertin, bones of, 139

Bi-asterionic width of skull, 286
Bi-axial joints, 303
Biceps brachii muscle, 380

femoris muscle, 418
Bicipital furrow, 1447, 1448

groove, 206
topography of, 1445

sulci, surgical anatomy of, 1448

Bifurcation of aorta, 1050
of trachea, 1078

Bigelow, Y-shaped ligament of, 340
Bile canaliculi, 1199

Bile duct, 1202
development of, 1254
level of, 1443
relation of, to duodenum, 1185
retro-duodenal exposure of, 1416
surgical relations of, 1416
termination of, 1186, 1203

papiUa, 1186, 1203
Bimanual examination, 1436
Bismuth meal, 1417
Bi-stephanic diameter of skull, 286
Biventer cervicis muscle, 442
Biventral lobule of cerebellum, 575
Bladder, gall, 1201

urinary, 1271, 1278
capacity of, 1277
cystoscopic examination of, 1428

trigone of, 1428
development of, 1328, 1332
distended, 1276
diverticula of, 1429
empty, 1275
in female, 1278
fixation of, 1283
in infant, 1279
inferior aspect of, 1274
infero-lateral areas of, 1275
interior of, 1277

examination of, 1428
lateral false ligaments of, 1280
ligaments of, false, 1282

anterior, 1283
lateral, 1283
structure of, 1283

lymph vessels of, 1284
nerves of, 1284
in newly born infant and child, 1279
peritoneal relations and connexions of,

1280
plicae uretericae of, 1277

shape and relations when empty, 1275
distended, 1276

sphincter of, 1284
structure of, 1283, 1284
superior false ligaments of, 1280
torus uretericus, 1277
trigonum vesicae of, 1277
urachus of, 1280, 1283
development of, 1332

ureteral orifices of, 1278
examination of, 1428

urethral orifice of, 1273, 1274
uvula vesicae of, 1277
varying relationships, 1277
vessels and nerves of, 1284

Blastula, 21

Blind spot, 815
Blood capillaries, 867

development of, 64
islands, 64

Blood corpuscles, mesamoeboids, 64
blood plastids, 64
erythrocytes, 64
ichthyoid cells, 64
nucleated colourless corpuscles, 64, 79

sauroid blood cells, 64
Blood-vascular system, primitive formation

of, 64
abnormalities of, 1049
development of, 64, 1025

morphology of, 1043

Blood-vessels of rectum and anus, 1232
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Blofxl-vessela (contd.), anastomoses of, 1233
Body, ])ara-tliyrc()iil, development of, 44

ultinio-liracliial, 44
cavity, 22, 27

lK)lar, 15, 1!)

stalk, 38, 54
vitelline, 18

Wolffian, 1329
Bone or Bones, 81

air-spaces of, 82

articidar surface of, 83
of Berlin, 139
l)lood-Hupply of, 87
bregmatic, 277
canaliculi of, 84
cancellar tissue of, 83
carpal, 217
cartilage, 83

of skull, 290
compact tissue of, 83
composition of, 82
descriptive terms, 82
diaphysis of, 85
diploe, 84
epiphyses of, 85

pressure and traction, 85
epiphyseal line of, 85
epipteric, 132, 145

of face, 146
Hat, 82
of foot, 254
frontal, 115
fundamental lamelUc of, 84
growth of, 86, 87
of hand, 217
Haversian systems of, 84

of head, 115
hip, 228
irregular, 82
lamellfe of, 84

interstitial, 84
long, 82
of lower limb, 228
lymph vessels of, 87
marrow of, 83
medullary cavity of, 83
membrane, 83,

of skull, 292
metacarpal, 223
metatarsal, 265
of middle ear, 838
nerves of, 87
number of, 82
ossification of, 84, 85

in cartilage, 86
in membrane, 85

osteoblasts of, 85
periosteal membrane of, 84
periosteum of, 83
primary centre of, 84
primordial, 292
secondary, 292
sesamoid, of mctacarpo - phalangeal joints,

228
of metAtarso-phalangeal joint, 269
of peronajus longns, 269, 427

short, 82
of skull, 115

strength of, 83
structure of, 83

microscopic, 84
sutiiral, 145, 146

Bone or Bones (rontd.), tarsal, 254
tliigh, 239
of thorax, 113

of upper liiul), 197
vascular HUT>pIy of, 87

of vertebral column, 87
Boundaries of abd(jiiiinal cavity, 1155
Bowman, elastic lamina of, 810
Brachia conjunctiva, 33, 512, 542, 569, 578,

587
(piadrigemina, 582

Brachial artery, 917
ligature of, 1448
surgical anatomy of, 1448

l>]exus, 700
branches of, 702

muscular of, 702
communications with sympathetic, 700
composition of, 700
l)ars infraclavicularis of, 703
pars supraclavicularis of, 702

branches of, 701
position of, 700
jjrimary cords of, 700
secondary cords of, 701

Brachialis muscle, 381
action of, 381
nerve-supply of, 381

Brachio-radialis muscle, 396
action of, 396
nerve-supply of, 396

Brachium conjunctivum, 33, 512, 542, 569,

578, 587
quadrigeminum inferiiis, 582

superius, 582
Bracliycephaly, 284
Brachyfacial skulls, 286
Brachy-kerkic lim])s, 289
Brachy-knemic limbs, 289
Brachy-iiranic skulls, 287
Brain, 512, 589
aqueduct of, 584

development, 37, 592
arteries of, 904, 905
development of, 33, 514
flexures of, 514
lymph vessels of, 1003
meninges of, 667
mesencej)halon, 33, 514, 516, 581
nature of the, 512
nerve-cells of, 584
nerve-fibres of, 588
neuroglia of, 511
prosencephalon, 514, 607
development of, 33, 514

rhombencephalon, 514, 515
development of, 33, 515
isthmus of, 516

veins of, 970
vesicles, primitive, 33
weieht of, 667

Branchial arches, 43
relation of, to cerebral nerves, 796-798
muscles derived from, 496
nerves of, 795-797

bars, 42
ducts, 43
2)ouc]ies, 42

Breast, 1336
bone, 106

Bregma, 172, 285
topography of, 1223
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Bregmatic bone, 277
fontanelle, 194

Broad ligament of uterns, 1318
bursa ovarica of, 1318

surgical anatomy of, 1434
Bronchi (dexter et sinister), 1082

apical, 1098
cardiac, 1098
cartilaginous rings of, 1082
development of, 1099
differences in calibre and direction in,

1083
distribution of, within the lung, 1097
dorsal branches in lung, 1097
eparterial, 1097
external branch of right, 1082
fibro-cartilaginous coat of, 1083
hj^arterial, 1083, 1097
mucous membrane of, 1083
muscular coat of, 1081
relations of, 1083
in root of lung, 1097
structure of, 1098
topography of, 1402

Bronchial arteries, 1096
abnormalities of, 1052
morphology of, 1047

lymph glands, 1012, 1096
veins, 961
morphology of, 1049

Bronchioli, 1097
Briinner, glands of, 1179
Buccce, 1109

corpus adiposum, 1109
lymph vessels, 1005
lymph glands of, 1005, 1109

Buccal branch of external maxillary artery,

894
glands, 1109

Buccinator artery of internal maxillary, 899
muscle, 451

action of, 452
nerve-supply of, 452

nerve of facial, 784
nerve of trigeminal, 779

Bucco-pharyjigeal area, 27, 42
fascia, 1149
membrane, 25, 27

Buds, taste, 854, 1128
limb, 39

iiulb, aortic, 884
abnormality of, 1051
division of, 1035
septum of, 1035

of corpus cavernosum urethrje, 1308, 1427
of eye, 807, see also Bulbus

equator of, 807
fascia of, 807
optic axis of, 807
poles of, 807
sulcus sclerae of, 807
tunics of, 807

of hair root, 860
of jugular vein, 964
olfactory, 622, 623
of posterior cornu of lateral ventricle, 635
of urethra, 1308

art«ry of, 942
surgical anatomy of, 1427

of vagina, 1326
of vestibule, 1326

artery, 942

Bulb of vestibule (contd.), surgical anatomy
of, 1427

Bull^p-cavernosus muscle, 487
Bulbo-urethral glands, 1286, 1304
Bulbus aortee, 884

. cornu posterioris, 635
oculi, 806

anterior chamber of, 813
bursa of 452, 807
coats of, 807
dimensions of, 807
equator of, 807
fascia of, 807
lymph vessels of, 1004
muscles of, 453
nerves of, 773
nervous tunic of, 808, 814
optic axis of, 807
poles of, 807
posterior chamber of, 813
refracting media of, 819
sclero-corneal junction of, 806
shape of, 807
sulcus sclerae of, 809
tunica vasculosa of, 810

olfactorius, 622, 623
pili, 860
urethrse, 1308, 1427
vestibuli, 1326

Bulla ethmoidalis, 185, 803
Bundle, see Fasciculus or Tract
Burdach, see Fasciculus cuneatus
Bu.rns, space of, 967
Bursa or Burste, 364

of coraco-clavicular ligament, 319
of eyebaU, 452, 807
of flexor carpi radialis, 386
under hyoid bone, 1066
of ilio-psoas, 410, 341

surgical anatomy of, 1459
at knee-joint, 348

surgical anatomy of, 1460
of muscles of arm, 378-382

of back, superficial, 365-369
of back of forearm, 396-400
of back of leg, 428-431
of back of thigh, 419-421
of buttock, 415-418
of front of leg, 424-426
of front of thigh, 406-414
of shoulder, 323, 324

omental, 1162, 1238
anterior wall of, 1240
gastro-pancreatic folds of, 1240
lienal folds of, 1240
posterior wall of, 1240
recessus inferior of, 1240

superior of, 1240
vestibulum of, 1238

of peroneal muscles, 427
pharyngea, 1143
prtepatellaris subcutanea, 1460
at shoulder-joint, 323
subacromial, 323
subcutaneous, 364
subtendinous, 364
subscapular, 323
tliecal, varieties of, 303

13iittock, fascise of, 402
bony points of, 1455
muscles of, 414

actions of, 415-418
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Buttock, muscles of (confil.), nerve-supply of,

415-418
surgical anatomy of, 1455

Caecal artery, 932
folds, 1218
fosste, 1218

Ctecuni, 1213
devflopMiunt of, 48
dimensions of, 1213
fcEtal, 48, 1217
infantile, 1217
position of, 1213
relations of, 1213
structure of, 1215
surgical anatomy of, 1421

types of, 1215, 1217
vessels of, 1217

Cfecum cupulare cochleie, 849
vestibulare, 849

Calamus scriptorius, 550
Calcaneal medial artery, 955
Calcanean facets, 259

nerve, medial, 734
Calcaneo-cuboid joint, 357

ligaments of, 357
functions of, 361

position of, 1464
surgical anatomy of, 1464

Calcaneo-fibular ligament, 352
Calcaneo-metatarsal ligament, 423
Calcaneo-navicular ligaments, 355

function of, 355
surgical anatomy of, 1464

Calcaneo-taloid joint, 354
position of, 1464
surgical anatomy of,-1464

Calcaneus, 259
facets of, 259
plantar surface of, 209
processes of, 259
sustentaculum of, 260
trochlear process of, 260
tuber of, 260

Calcar avis, 635, 659
femorale, 274

Calcarine artery, 908
fissure, 660

Calyces renales, 1268
development of, 1331

Camera oculi, 820
anterior, 821
posterior, 821

princeps of His, 1169

Canal or Canalis

adductor (Hunteri), 405, 414
alimentary, 1104

primitive, 41

alveolar, 147
anal, 1228
development of, 48
orifice of, 1232

relations of, 1229

surgical anatomy of, 1430

vessels of, 1233

for Arnold's nerve, 129

atrio-ventricular, 1033

auditory, 128, 176, 837

basi-pliaryngeal, 175

carotid, 129, 176, 177

relation of, to tympanum, 271

variation in, 278

Canal or Canalis {contil.), central, of cochlea,

846
of medulla oblongata, 564
of spinal medulla, 564

development of, 35
of cervix uteri, 1317

condyloid, 177
cranio-pliaryngeal, 135

closure of, 290
of epididymis, see Ductus
ethmoidal, see Foramen
facialis, 129, 130, 833

hiatus of, 130
condition of, at birtli, 133

femoral, 405
Haversian, 84
of Huguier, 125

relation of, to tympanum, 834
hyaloid, 826
development of, 826

hypoglossal, 177
infraorbital, 147, 162

inguinal, 483
surgical anatomy of, 1408

innominate, 137

lacrimal, membranous, 825
development of, 827

osseous, see C. of naso-lacrimal duct

mandibular, 156
nuisculo-tubarius, 128, 176, 837

of naso-lacrimal duct, 143, 147, 187
neural, 88
neurenteric, 23, 26
of Nuck, 1319
obturator, 338
palatine, anterior, 149

greater, 151

lesser, 152
superior openings of, 152

of Petit, 819
pharyngeal, 138, 152, 175

pleuro-pericardial, 72
portal, 1200
pterygo- palatine, 147, 151

pterygoid, 138, 180, 192
pyloric, 1169, 1173
radicis dentis, 1114, 1115
reuniens, 51, 854, see also Ductus
sacral, 99
semicirciilar, 847
spheno-vomerine, 279
spiralis cochlese, 845
of Stenson, 1109
for tensor tympani muscle, 128

tympanic, 129
urogenital, 1328
vertebral, 88
zygomatico-orbital, 154
zygomatico-temporal, 154

Canaliculus or Canaliculi, bile, 1199
of bone, 84
carotico-tympanic, 129
innominate, 137
mastoid, 129
tympanic, 129

Canine fossa, 146
teeth, 1115

eruption of, 1120
Caninus muscle, 451

action of, 454
Capillaries, 867

blood, striicture of, 868
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Capillary arterioles, 868
lympli vessels, 1042
veins, 867

Cajjitular jjrocess, 284
Capitulum of humerus, 208

of mandible, 156
of radius, 214
of ulna, 214

Capsula adiposa of kidney, 1259

articularis of joints, 302
externa, 644
fibrosa (Qlissoni), 1198

interna, 642
pars frontalis, 642

occipitalis, 642
Capsular arteries of liver, 933
Capsule, external, 644

of Glisson, 1198
glomerular, 1266

internal, 642
acoustic radiation fibres of, 643, 656
anterior limb of, 642
cerebro-spinal tract of, 462
fasciculus cerebro-rubricus of, 643
fronto-pontine fibres of, 642

genu of, 642
lenticulo-caudate part of, 642
lenticulo-thalamic part of, 642

optic radiation fibres of, 643, 658
posterior limb of, 642
retro-lenticular part of, 643
sublenticular part of, 642
temporo-pontine fibres of, 643

•of joints, 302
of lens, 819

Caput angulare m. quadrati labii superioris, 451
epididymidis, 1287
infraorbital m. quadrati labii superioris, 451

of posterior column of spinal medulla, 523

zygomaticum m. quadrati labii superioris,

451
Cardia, 1164
topography of, 1416, 1417, 1439

Cardiac bronchus, 1098
dulness, 1398
ganglion of Wrisberg, 790
lobe of lung, 1098
nerves of sympathetic, inferior, 759

middle, 759
superior, 757

of vagus, 789
notch of lung, 1095

plexus, 790
portion of stomach, 1163, 1172, 1173

Cardiac veins, 959
Cardinal veins, anterior, 1038

morphology of, 1048
posterior, 1040

Carina vaginalis, 1323
Carotid artery, common, 889

abnormalities of, 1054

development of, 67
morphology of, 1047
surgical anatomy of, 1386, 1389,

1391
left, 889

abnormalities of, 1054
right, 890

abnormalities of, 1054
external, 891

abnormalities of, 1054
development of, 67

Carotid artery, external (contd.), morphology
of, 1047

surgical anatomy of, 1391

internal, 900
abnormalities of, 1054
development of, 67
morphology of, 1047

canal, 129
relation of, to tympanum, 271
variation in, 278

glomus, 1343
groove, 135
lymph glands, 1009
plexus, 757, 758
sheath, 447
triangle, 1390, 1391
tubercle, 1393

Carpal arch, dorsal, 923
volar, 920, 922

artery, anterior radial, 919
ulnar, 921

posterior radial, 920
ulnar, 921

bones, 217
architecture of, 272
ossification of, 223
variations in, 280

joints, 329
movements at, 334
nerves to, 705, 713
synovial stratum of, 331
transverse, 380

Carpale, os, 280
Carpo-metacarpal joints of finger, 332
Carpus, as a whole, 222

bones of, 217
bony parts about the, 1451
ossification of, 223

Cartilage—Cartilago—Cartilagines

—

alares minores, 800
alaris major, 800

lateral crus of, 800
medial crus of, 800

articular, 83
arytsenoid, 1064
auricular, 829
bones, 86

of skuU, 290
corniculate, 1065
costal, 113

joints of, 315
topography of, 1407

cricoid, 1063
development of, 1100 •

ossification of, 1065
surgical anatomy of, 1388

cuneiform, 961, 1068
epiglottic, 1065
of larynx, 1064
development of, 1100

meatus acustici, 829
of Meckel, 157, 841
nasal, 800

greater alar, 800
lateral, 800
lesser alar, 800
of septum, 800

processus sphenoidalis of, 801

vomerine, 801
parachordal, 290
of pinna, 829
prechordal, 290
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Cartilage—Cartilago—Cartilagines {contd.)—

of Reichert, 159
of Santorini, 1065
semilunar, 347

surgical auatuiny of, 1460, 1461

of septum of tlie nose, 800
sesamoid, of arytiunoid, 1065
sesamoid, of the nose, 800
tarsal, 1378
tliyreoid, 1062
development of, 1100
ossification of, 1065
surgical anatomy of, 1388

tracheal, 1081
triticea, 1066
vomero-nasalis (Jacobsoni), 801
xiphoid, 108, 109

Cartilaginous cranium, 290
verteoral column, 103

Caruncula lacrimalis, 821
Caruncuhe hymenales, 1322

myrtiformes, 1322
Catheter, pjissage of female, 1435

Cauda epididymidis, 1287
equina, 619
fasciae dentatae, 629
helicis, 829

Caudal arches, 68
fold, 38, 48
nerves, 678

Caudate lobe of liver, 1192

nucleus, 635, 637
Cavernous arteries, 902

plexus, 759, 766
sinus, 975

Cavitas glenoidalis, 201

Cavity, amniotic, 54, 55
mandibular, of temporal 1)one, 125, 167

condition of, at birth, 133
nasal, development of, 50
of scapula, 201
segmentation, 21

sigmoid, of ulna, 211

Cavum abdominis, 1155
articulare, 300
conch je, 827
dentis, 1114
epidurale, 669
Meckelii, 771
medullare, 83
nasi, 183, 801
oris, 1106

proprium, 1107
pelvis, 237, 1157
peritoncei, 1412
pharyngis, 1141

pleurse, 1083
Retzii, 493
septi pellucidi, 628, 632
subarachnoideale, 671

sulxiurale, 670
thoracis, 1083

mediastiuTim, doi-sal, 1090
ventral, 1090

tympani, 832
uteri, 1317

Cell, period of life, 10

period of resting stage, 10

Cell-body, 8
Cell-mass, inner, 21

intermediate, 21

history of, 21

Cells, basal, of olfactory mucous membrane, 804
basket, 580
])ody of, 8

ethmoidal, 140, 804
relation of, to orbit, 1373

to nasal fossie, 1373
surgical anatomy of, 1372

germinal, 502
of neural tube, 36

life, period of, 10

lymi)h, 906
of marrow, 83
mastoid, 133, 836, 1370

surgical anatomy of, 1370
nerve, 16, 497, 506
nucleus of, 8
olfactory, 804, 805
reproduction of, 8
reproductive, 11

spermatocytes, 16

supporting, 16

Cellulae ethmoidales, 140, 804
mastoideae, 133, 836, 1370

Cement (substantia ossea), 1123
development of, 1245

Central arteries of middle cerebral, 905
of posterior cerebral, 908
of retina, 903

canal of medulla oblongata, 564
gray matter of medulla oblongata, 564
gyri, 654
lobule of cerebellum, 575
lymph vessels of hand, 1009
point of perineum, 1427
sulcus of insula, 654

Centrale, os, of wrist, 290
Centres, medullary, of cerebral hemispheres,

644, 647
of ossification, 85, 86

Centrioles, 8
Centrosome, 7, 8, 10, 11, 14

Centrum tendineum, 472
of vertebra, 88

Cephalic aortic arches, 65, 68, 1027, 1028, 1029,

1030, 1034
morphology of, 1047

flexure of brain, 514
fold, 37
index, 284
myotomes, 30
part of sympathetic, 756
somites, 28
vein, 978

Cephalo-auricular angle, 828
variations in, 830

Cerato-hyal, 159
Cerebellar artery, anterior inferior, 907

anterior superior, 907
posterior inferior, 907

tracts, 534, 536, 578
spino-cerebellar, anterior, 536, 537

posterior, 537
Cerebellar veins, 971
Cerebello-olivary tract, 556, 563
Cerebellum, 570

alje lobuli centralis, 575
amygdala of, 575
arbor vitae of, 577
arrangement of gray and white matter of,

576
association fibres of, 578
biventral lobule, 575
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CerebeUiim (contd.), brachium conjunctivum
of, 569

commissTiral fibres of, 578
connections of peduncular fibres, 578
corpus dentatum of, 576
culmen monticuli, 575
declive monticuli of, 575
development of, 33
fissure, postnodular, of, 571

horizontal, of, 573
post-tonsillar, 573
pyramidal of, 573
supra-pyramidal, 573

fissures of, 571, 572, 573
prima, 572
secunda, 572, 573
development o^ 571

flocculus, 571, 575
folium vermis of, 572
furrowed band of, 576
gray matter of, 576
hemLspheres of, 571, 574

surgical anatomy of, 1363
incisura anterior, 574

posterior, 574
inferior vermis of, 574
lingula cerebelli, 575
loVjes of, 575
lobes on inferior surface of, 575
lobes on superior suiiace of, 575
lobules of, 575
lobulus centralis, 575

gracilis, 576
m^ullary velum o^ anterior, 549

posterior, 576
minute structure of, 579
monticulus, 574
nodulus, 571
not«lies of, 514

origin of, 515
nucleus emboliformis of, 577

dentatus, 576
fastigii, 577
glob^iLS, 577

paraflocculus, 571
peduncles of, 577
brachium conjunctivum, 577, 578

pontis, 577, 578
restiform body, 577, 578

origin of fiVjres of, 578
in sections of pons, 576

posterior inferior lobule, 575
postlunar sulcus of, 573
pyramid of, 576
roof nucleus of, 577
structure and connexions of, 576
sulcus valleculae, 575

development of, 571
superior vermis of, 574
tonsil of, 573, 575
tuber vermis of, 575
uvula of, 507, 576
vallecula of, 574
vermis of, 572, 574
white matter of, 576

Cerebral artery, anterior, 904
abnormalities of, 1053

middle, 905
posterior, 908
surgical anatomy of, 1365

cortex, 644, 646
association centres of, 645

Cerebral cortex (contd.), association fibres of,

648
auditory area of, 656
band of Baillarger of, 644, 645

of Bechterew of, 645
of Martinotti of, 645

commissural fibres of, 647
connexion of, with thalamus, 612
gray layers of, 645
layer of polymorphic cells of, 645

of pyramidal cells of, 645
lymph vessels, 1003
nerve-fibres of, 645
olfactory area of, 625
projection fibres of, 651
stratum zonale of, 645
stria of Gennari of, 644
structure of, 644
thickness of, 644
topography of, 1359
visual area of, 658
white layers of, 644

hemispheres, 620
association fibres of, 648
basal ganglia of, 637
borders of, 647
claustrum of, 641
commissural fibres of, 647
corpus callosum of, 629
cortex of, 644
development of, 34, 621, 623
external configuration of, 646
fimbria of, 627
fissures of, 653
form of, 646
frontal pole of, 647
general structure of, 644
gray matter of, 644
groove for transverse sinus on, 647
gyri of, 654
impressio petrosa of, 647
incisura longitudinalis, 540
internal capsule of, 642
intimate structure of, 644
island of Reil of, 654

sulcus circularis of, 654
lateral fossa of, 655
level of lower margin of, 1359
limen insulse of, 654
lobes of, 665
nerves, list of, 678, 767
development of, 682

nuclei of, 637, 638
occipital pole of, 647
opercula of, 685
poles of, 647
primary olfactory function of, 517
projection fibres of, 651
Rolandic angle of, 662
septum pellucidum of, 628
development of, 628

structure of, 644
sulci of, 653
surfaces of, 646
surgical anatomy of, 1360
temporal pole of, 647
veins, 970
ventricles of, 549, 616, 632
white matter of, 647

Cerebral nerves, 767
1st nerve, olfactory, 767
2nd nerve, optic, 768
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Cerebral nerves (contd.), 3itl nerve, oculo-

motor, 769
4th nerve, trochlear, 770
5th nerve, trigeminal, 771

6tli nerve, alxluceiis, 7H1

7lh nerve, facial, 781

8tli nerve, acoustic, 784
9th nerve, glossopliaryngual, 785

lOtli nerve, vagus, 786
lltli nerve, accessory, 791

12th nerve, hypoglossal, 793
abducens nerve, nucleus of, 600
accessory nerve, nucleus of, 595
acoustic nerve, 604

deep connexions of, 592
dorsal, nuclei of, 597

facial nerve, intrapontine course of, 599
nuclei of, 598

glossopharyngeal, nuclei of, 596

gustatory nuclei of, 597
liypoglossixl nerve, nucleus of 594

nervus intermedins, nuclei of, 598
nuclei of, lateral somatic, 593

medial somatic, 592
of origin, or motor nuclei of,

592
splanchnic, 593
terminal, 593

oculomotor nerve, 603
trigeminal nerve, nuclei of, 600
trochlear nerve, 602
vagus, nuclei of, 596

splanchnic nuclei of, 598
tractus solitarius, 597

vesicles, 514
Cerehro-spinal fluid, 1003

nervous system, 497
ganglionic part of, 511

gray matter of, 512
medullary part of, 507
nerve-cells of, 506
nerve-fibres of, 508
nerves of, 505
neuroglia of, 511
neurons of, 503
white matter of, 512

Cerebrum, 620
frontal region of the, 665
parietal region of the, 662

Cerumen, 832
Cerurainous glands, 832
Cervical artery, ascending, 910

morphology of, 1047
deep, 914

morphology of, 1047
transverse, 911

canal of uterus, 1317
fascia, 447

surgical anatomy of, 1385

flexure of neural tube, 514, 515
of brain, 514

ganglion, inferior, 759
surgical anatomy of, 1393, 1398

middle, 759
superior, 756

glands of uterus, 1320
lymph glands, 1000

surgical anatomy of, 1392

nerves, 688, 692

posterior rami of, 688
first, 688
second, 689

Cervical nerves, posterior rami of (contd.),

third, 690
fourtii to sixth, 690
seventii and eightli, 690

pleura, 1398
plexus, 694
communicating branches of, 697
deep branches of, 696
morphology of, 700
muscular Lranches of, 696

ribs, 93, 275, 1375
serial homology of, 283

sympathetic, 756
(leveloj)ment of, 681

surgical anatomy of, 1393

veins, 964
vertebrije, 90, 93

Cervix colunmaj posterioris, 523
uteri, 1316

arbor vitae of, 1317
glands of, 1320
mucous membrane of, 1320
muscular coat of, 1320
supra-vaginal portion of, 1316

vaginal portion of, 1316
surgical anatomy of, 1434

Chamaecephalic skulls, 286
Chamaeprosope, 286
Chamber, anterior, of eye, 813

development of, 825
endothelium of, 810

posterior, of eye, 813
recesses of, 818

Cheek bone, 153
Cheeks, 1109

buccal fatty body, 1109
glands of, 1109
lymph vessels of, 1005

Chest, 1395
Chiasma opticum, 619
Chiene's lines, 1359
Choanal, 175, 185, 190

surgical anatomy of, 1246
Chondro-cranium, 290
Chondro-epitrochlearis muscle, 371

Chondro-glossus muscle, 462
action of, 463

Chopart's amputation, 1464
Chorda obliqua (of forearm), 328
tympaui nerve, 782

origin of, 598
Chordie tendineae, 877

Willisii, 974
Chordal portion of skull, 290
Chorioid plexuses of fourth ventricle, 553, 636

development of, 552
of lateral ventricle, 635

development of, 635
of inferior horn of, 636

of third ventricle, 617
Chorioidal artery, anterior, 904

posterior, 908
fissure of brain, 621, 636, 637, 675

of eye, 826
development, 826

veins, 970
Chorioidea, 810
development of, 825
lamina basalis of, 811, 812

chorio-capillaris of, 811

supra-chorioidea of, 811
vasculosa of, 811
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Cliorioidea (contd.), nerves of, 814

pigment of, 814

proper tissue of, 811

spatiiim perichorioidale of, 808

stratum intermedium of, 811

tapetum of, 812

Chorion, 21, 53, 57

frondosum, 60

Iseve, 54, 60
Chorionic area, 21

plate, 58
vesicle, 55

villi, 58
absorbing, 59

anchoring, 59

Chromaffin cells, 32

Chromatin, 8

organs, 32
skein, 10

Chromogenic cells, 1331-32

Chromoj)hil bodies, 1342

system, 1341
development of, 1343

Chromosomes, 8, 10, 11, 79

object of the reduction of, 18

Chyme, 1163

Cilia, 823
Ciliary arteries, 903

anterior, 813, 903

long, 813
posterior, 903
short, 903

body, 812
orbiculus of, 812

border of iris, 814

bimdle of orbicularis palpebrarum, 450

ganglion, 773
development of, 699

morphology of, 701

motor root, 773

sensory root, 773

splanchnic efferent fibres of, 604

sympathetic root of, 773

glands, 861
muscle, 813

. nerves, distribution of, on cornea, 808

in chorioid and iris, 814

innervation of, 604

entrance of, into eyeball, 814

long, 814
short, 814

processes, 812

veins, 814
Cingulum of brain, 649

extremitatis inferioris, 228

superioris, 197

of teeth, 1116

Circular sinus, 974
sulcus, 654

Circulation, foetal, development of, 63, 71

Circulus arteriosus, 908

major of iris, 813

minor of iris, 813

tonsillaris, 1147

Circum-anal glands, 1280

Circumduction, movement of, 303, 323, 436

Circumflex artery, anterior, of the humerus,

917
lateral, of the thigh, 949

surgical anatomy of, 1447

medial, of the thigh, 949
posterior, of the humerus, 903

Circumflex artery, posterior (contd.), surgical

anatomy of, 1447

iliac artery, deep, 945
surgical anatomy of, 1445

superficial, 947

vein, deep, 988
superficial, 989

nerve, 710
surgical anatomy of, 1447

Cistema basalis, 672
cerebello-meduUaris, 671

chiasmatis, 672
chyli, 996, 997
interpeduncularis, 672

magna, 671
surgical anatomy of, 1362

pontis, 672
Cisternae subarachnoideales, 671

Classification of joints, 299

Claudius, cells of, 850

Claustrum, 641
Clava, 547
Clavicle, 197

acromial end of, 199

architecture of, 271

articulations of, 317

coracoid tubercle of, 198

costal tuberosity of, 199

deltoid tubercle, 198
morphology of, 199
ossification of, 199

shaft, 198
surgical anatomy of, 1444

variations in, 279
Clavicular artery, 916

. facet of sternum, 107

nerves, 695
morphology of, 700

Cleft, branchial, 42

gluteal, 1455
olfactory, 1378
palate, 1379
pharyngeal, 42

urogenital, 1324
visceral, 42

nerves of, 796, 798
stages of, at different ages, 42, 44, 52

Cleido-mastoid muscle, 458
Cleido-occipital muscle, 458

Clinoid process, anterior, 135

middle, 135

posterior, 135

Clitoris, 1326
arteries of, 1326
body of, 1326

bone of, 1326
corpora cavernosa of, 1326

crura of, 1326
development of, 1336

dorsal vein of, 942
frenulum of, 1326

glans of, 1326
prepuce of, 1326

septum corporum cavernosorum of, 1326

suspensory ligament of, 1326

vessels and nerves of, 1326

Clivus monticuli cerebelli, 575

Cloaca, 48
entodermal, 39

Cloacal fossa, 48
membrane, 39

Closing mouth, muscles of, 458
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Club-foot, 1466
C'o-aptation in jointw, 303
Coccygeal arteiy, !>3r)

ganglion, 753, 7G3
glomus, 1355
nerves, 691
plexus, 738
veiteltiiu, 99

Coccyx, 99
cornua of, 99
osaiOcation of, 106

Cochlea, 844
a(|ua'ductus coclileaj, 845
area, 844
auditory teeth of Huschke of, 830
l>ase of, 844
basilar membrane of, 849, 850
canales spirales cochle;e, 845
crista basilaris of, 849
crista semilunaris, 845
cupula of, 844
development of, 51

duct, 848, 849
foramen centrale, 844
foramina nervosa of, 849
ganglion spirale cochleai, 845
hair cells of, 851
hamulus lamina3 spiralis, 845
helicotrenia of, 845
lagena of, 849
lamina spiralis ossea, 845
lamina spiralis secundaria, 845
ligament, spiral, of, 849
limbus laminae spiralis of, 849
mem])rana basilaris of, 845
membrana vestibularis of, 849
membranous, 848
modiolus of, 844
prominentia spiralis of, 849
scala tympani, 845
scala vestibuli, 845
spiral canal of, 845
spiral organ of, 849, 850
stria vascularis of, 849
sulcus sjjiralis extemus, 849
sulcus spiralis intemus of, 849
tractus spiralis foraminosus, 844
tunnel of Corti, 850
vas prominens of, 849

Cochlear nerve, 785
nucleus, 604
development of, 684

Cochleariform process, 128
Cccliac artery, 928

abnormalities of, 1053
morphology of, 1047
surgical anatomy of, 1426

ganglia, 763
lymph glands, 1021
plexus, 763, 765

Ccelom, 22, 71
embryonic, 27, 71, 72, 73
extra-embryonic, 22, 53, 57, 71

Colic artery, left, 932
middle, 932
right, 932

impression of liver, 1189, 1192
lymph glands, 1021

valve, 1214

vein, left, 993
middle, 992
right, 992

Collar bone, 197
Collateral digital artery of foot, 955

of han.l, 924
Collateral eminence, 637

fissure, 662
nerve-fibres, 534

Collecting tubules, renal, 1266
Colles, perineal fascia of, 1427
Colliculi, origin of, 516

inferiores, 585
functions of, 586

nervi optici, 814
superiores, 620

functions of, 686
stratum griseum of, 586

lemnisci of, 586
opticum of, 586
zonale of, 586

Colon, 1211
appendices epiploicai of, 1211, 1212
ascending, 1211, 1219

length, 1219
position, 1219
relations, 1219
topography of, 1422

caecum of, 1211
descending, 1211, 1221

length of, 1221
relations of, 1221
topography of, 1423

dimensions of, 1211
haustra of, 1212
iliac, 1222

course of, 1222
relations of, 1222
topography of, 1423

left flexure of, 1211
level of, 1439
topography of, 1422

mesentery of, 1219
nerves of, 1213
pelvic, 1222

length of, 1223
mesentery of, 1219
in new-bom child, 1223
position of, at birth, 1223
relations of, 1223
structure of, 1223
surgical anatomy of, 1423
variations in course of, 1223

plicae semilunares of, 1212
right flexure of, 1211

level of, 1439
topography of, 1422

sacculi of, 1212
sigmoid flexure of, 1211
sigmoideum (pelvic), 1222
structure of, 1212
taeniae of, 1179
transverse, 1219

position of, 1220
relations of, 1220
topography of, 1422

valve of, 1214
vessels of, 1212

Column, anterior, of spinal medulla, 528
of Burdach, 522, 533
of fornix, 615
of Goll, 522, 533
lateral, of spinal medulla, 529
membranous vertebral, 102
posterior, of spinal medulla, 537
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Column, posterior, of spinal medulla (confd.),

neck of, 523
vertebral, 87

Columnae camese, 877
griseae, 523
rectales, 1230
renales (Bertini), 1265

rugarum vaginae, 1323
Columns of Bertin, 1265

of fornix, 34, 615
of the rectum, 1230
of spinal medulla, 523

" Comma tract," 533
Commissural fibres, cerebellar, 578

cerebral, 616, 631
Commissure, anterior, of brain, 616, 628,

647
olfactory portion of, 647
temporal portion of, 647

anterior gray, of spinal medulla, 539
dorsal, of brain, 34
gray, of spinal medulla, 539
of Gudden, 619, 769
babenularum, 615
of the hippocampus, 627, 648
labiorum pudendi anterior, 1324

posterior, 1324
of lips, 1108
medial and lateral, of eye, 821
of optic tract, 619

development of, 609
palpebrarum, 821

lateralis, 821
medialis, 821

posterior, of brain, 614, 615, 631
development of, 609

of spinal medulla, 539
of vulva, 1324

of spinal medulla, 539
white, anterior, of spinal medulla, 539

Common iliac artery, ligature of, 1426
peroneal nerve, surgical anatomy of,

1461
Communicating artery, anterior, of brain,

904
of deep palmar arch, 924
peroneal, 953
posterior, of brain, 904

abnormalities of, 1056
tibial, 953
of volar interosseous, 922

Compact tissue of bone, 83
Compound glands, 1132
Compressor bulbi muscle, 487
hemispheriorum bulbi, 487
naris muscle, 450
urethrae membranacese muscle, 488

Concentric corpiLScles of Hassall, 1351

Concha auriculte, 827
nasalis inferior, 142

media, 141

superior, 141

Conchse, ethmoidal, 141
inferior, 142

ossification of, 143
sphenoidales, 139

Condyle of femur, lateral, 243
medial, 243

of humerus, 207
of jaw, 156
occipital, 122

third, 278

Condylic foramina, 122, 123, 124
fossa, 122
surface of tibia, 247

Condyloid joints, 301
Cone of attraction, 20

bipolars of retina, 817
granules of retina, 817
retinal, 817
development of, 827

Confluens sinuum, 968, 973
Congenital diaphragmatic hernia, 473
Coni vasculosi, 1289

development of, 1204
Conical papillae, 1126
Conjugal ligament of ribs, 314
Conjunctiva, 823

fomices of, 823
nerves of, 823, 824
ocular, 821

palpebral and bulbar, 823
plica semilunaris of, 821
surgical anatomy of, 1377
vessels of, 823, 824

Connexions, central, of olfactory nerves,

623
of the corpus striatum,"639

of thalamus, 612
Conoid ligament, 319

functions of, 319
tiibercle, 198

Constrictor muscles of pharynx, 464
actions of, 467
development of, 496
nerve-supply of, 465

inferior, 465
middle, 464
superior, 464

of urethra, 488
Conus arteriosus, 876

elasticus, 1066
level of, 1442
surgical anatomy of, 1388

medullaris, 518
level of, 519
structure of, 526

vasculosus, 1289
Convoluted tubules of kidney, 1266
Convolutions of cerebrum, 653
Cor, 870
Coraco-acromial ligament, 320
Coraco-brachialis muscle, 378

action of, 380
nerve-supply of, 380

^

surgical anatomy of, 1446, 1447
superior or brevis, 379

Coraco-clavicular ligament, 319
Coraco-glenoid ligament, 322
Coraco-humeral ligament, 322
Coracoid process, 201

morphology of, 295
topography of, 1445
variations of, 280

Cord, gangliated, of sympathetic, 753
umbilical, 55

Cords of brachial plexus, 700
branches of, 702
formation of, 700
morphology of, 741

Corium, 857
papillae of, 857
stratum papillare of, 857

reticulare of, 857
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CorneaT 8o8
annular i)lexiises of, 810
anterior elastic lamina of, 810
arcus senilis of, 810
blood-vessels of, 810
cell spaces, 810
endothelium of anterior chamber, 810

filtration angle of, 809
lacunas, 810
ligamentum pectinatum of iris, 810

nerves of, 810
posterior elastic lamina of, 810
scleral sinir, 810
spatia anguli iridis of, 810
structure of, 809
subsUintia propria, 810
sulcus circularis, 809
vascular and nervous supply, 810

Comicula larjiigis, 1065

Comu ammonis, 625, 626, 636

anterius ventriculi lateralis, 633

inferius ventriculi lateralis, 633
inferius fossae ovalis, 403

majus OSS. hyoidei, 159

minus oss. hyoidei, 159

posterius ventriculi lateralis, 635

bulb of, 635
superius fossie ovalis, 403

Comua coccygea, 99
sacralia, 97

of fossa ovalis, 403
of thyreoid cartilage, 1062
of uterus, 1320

Corona dentis, 1114
glandis, 1298
radiata, 631, 644

Coronal sutiire, 164

sjTiostosis of, 197

Coronary arteries of face, 894

surgical anatomy of, 1379

of heart, 887
abnormalities of, 1051

of stomach, 929
abnormalities of, 1053

morpholog}' of, 1047

Coronary ligament of liver, 1195, 1196
plexus, 765
sinus, 959

abnormalities of, 1057

development of, 1032

morphology of, 1050
opening of, 875

veins of heart, 959
of stomach, 991, 1176

Coronoid fossa of humerus, 208
process of mandible, 156

surface anatomy of, 1375

of ulna, 210
Corpora mamillaria, 541, 615

connexions of, 615
development of, 34, 608
peduncles of, 615

relation of, to third ventricle, 616

quadrigemina, 542, 582
brachia of, 582
connexion of, with cochlear nerve, 586

with thalamus, 586
development of, 34
lemniscus-fibres of, 586, 590

origin of, 516
structure of, 586

inferior, 585

Corpora mamillaria, quadrigemina, inferior

(contd.), connexion of, with lateral

lemniscus, 590
superior, 586

connexion of, with optic tract, 620
with optic radiation, 586, 620

Corjius adiposum buccaj, 446
albicans of ovary, 1313
callosum, 628, 629, 647

absence of, 588, 590
development of, 628
forceps major of, 631
genu of, 630
occipital part of, 631
radiation of, 631
rostrum of, 630
splenium of, 628, 630
strise longitudinales mediales of, 630

laterales of, 630
morphology of, 630

superior surface of, 629
tapetum of, 631
trunk of, 630

cavemosum clitoridis, 1326
penis, 1298
urethrae, 1298, 1300, 1427

ciliare, 812
dentatum cerebelli, 576
epididymidis, 1287
fomicis, 629
geniculatum laterale, 620

connexion of, with optic radiation, 620
with optic tract, 620

development of, 608
structure of, 613

mediale, 619
connexion of, with acoustic radiation, 656
with lateral lemniscus, 607
with medial root of optic tract, 619

development of, 608
glandulare prostatse, 1303
Highmori, 1288
hyjjothalamicum, 613
linguae, 1124
luteum, 1313
mandibulae, 155
maxillae, 146
ossis ischii, 232

pubis, 233
sphenoidalis, 133

paraterminale, 626, 628
pineale, 614
restiforme, 547
spongiosum penis, 1298, 1300

surface anatomy of, 1427
stemi, 106
striatum, 638

connexions of, 639
development of, 622
functions of, 639
morphology of, 638
vein of, 635

trapezoideum, 606
of cerebellum, 576
of pons, 606

vertebrae, 88
vitreum, 819
Wolffi, 1329

Corpuscles, blood, origin of, 64
concentric, of Hassall, 1351
of Golgi and Mazzoni, 865
of Grandry, 864
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Corpuscles (contd.), of Kraiise, 863
lymph, 993
Malpighian, of spleen, 1353

of kidney, 1266
of Meissner, 865
of Pacini, 864
of Ruflani, 865
tactile, 863
of Wagner, 865

Corrugator cutis ani muscle, 486, 1229
supercilii muscle, 450

action of, 452
Cortex, cerebral, 644

renal, 1265
Corti, sjjiral ganglion of, 845, 852

organ of, 849, 850
cells of Claudius of, 850, 851

of Hensen of, 850, 851
development of, 853
liair-cells of, 850, 851
lamina reticularis of, 850, 851
membrana tectoria of, 850, 851
pillars of, 850
rods of, 850
space of Nuel of, 852
supporting cells of, 850, 851

fibres ot, 851
phalangeal processes of, 851
tunnel of, 850

Cortical system, 1343
Corticifugal projection strands of brain, 652
Cortico-pontine tract, 653

in internal capsule, 642
in mid-brain, 591
in pons, 555

Costje, 109
floating, 109
spurise, 109
verae, 109

Costal cartilages, 113
joints of, 315
topography of, 1407

demi-facets of thoracic vertebrae, 93
pleura, 1084, 1085
transverse epiphyses, 106
zone of abdomen, 1158

Costo-central joints, 313
Costo-chondral joints, 315

topography of, 1398
Costo-clavicidar ligament, 318, 319
Costo-colic ligament, 1220
Costo-coracoid ligament, 369
membrane, 369

Costo-iliac space, 1437
Costo-stemal joints, 315
Costo-transverse joints, 314

ligaments, 314
Costo-vertebral joints, "313

Costo-xiphoid ligaments, 316
Cotyloid ligament, 340

notch, 232
absence of, 281

Coxa, 339
Cranial fossa, anterior, 179, 183, 188, 189

middle, 180, 183, 190, 191

posterior, 182, 183
Cranio-cerebral topography, 1359

central sulcus of Rolando, 1360
lateral cerebral fissure, 1360
parieto-occipital fissure, 1360
Rolandic area, 1360
transverse sinus, 1360

Craniology, 284
Craniometry, 284
Cranio-pharyngeal canal, 135
.closure of, 290

Cranium, 115
articulations of, with vertebral column, 310
base of, 179
bony landmarks of, 1358
capacity of, 284
cartilaginous, 290
cerebrale, 115
circumference of, 286
height of, 286
membranous, 290
sinuses of, 972
surgical anatomy of, 1357, 1359
thickness of, 1359
trabecular portion of, 290
veins of, 969, 972
vertebral portion of, 290
viscerale, 115

Oremaster muscle, 480
nerve-supply of, 484

Cremasteric artery of inferior epigastric, 944
of internal spermatic, 928

fascia, 480, 483, 1297
Crescents of Gianuzzi, 1132
Crest, anterior, of fibula, 252

of tibia, 248
conchal, of maxilla, 148

of nasal bones, 145
of palate, 151

ethmoidal, 151

fialciform, 131
frontal, 117, 179
iliac, 228, 238

topography of, 1442, 1455
incisor, 149
infra-temporal, 137, 167, 168
interosseous, of fibula, 252

of radius, 215
of tibia, 248
of ulna, 212

lacrimal, posterior, 143
lateral, of fibula, 252
neural, 32, 500, 679
obturator, 233
occipital, external, 121

internal, 121

pubic, 233
sexual difference of, 238
topography of, 1408

sacral, articular, 97
lateral, 98
median, 97

sphenoidal, 135
supra-mastoid, 125
of tibia, anterior, 248
urethral, 1306
zygomatic, 154

Cribrous fascia, 403
lamina, 139

relation of, to cranial fossa, 179
to nasal cavity, 184, 187

Crico-arytsenoid joint, 1066
muscles, 1072, "l074

actions of, 1072, 1074
Cricoid cartilage, 1063

arch of, 1063
development of, 1100
lamina of, 1063
ossification of, 1065
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Cricoid cartilage (could. ), surface auatoiiiy of,

1388
Crico-thyreoid artery, 892

joint, 1065
iiuiscle, 1075

action of, 1070
nerve of, 1070'

Crista or Oris tie

—

ampiillaris, 848
anterior, of tliu tibia, 248
basilaria coclilete, 849
concluilis, 148
cutis, 856
etlinioidalis, 151
of female urethra, 1284
galli, 140
of heads of ribs, 109
iliaca, 228, 238
infra-temporalis, 137, 167, 168
intertrochanterica, 240
lacrinialis anterior, 148

posterior, 143
of male uretiua, 1306
mallei, 840
nasal, 802
of the necks of the ribs, 109
neural, formation of, 500
obturatoria, 233
sacral, articular, 97

lateral, 98
media, 97

sphenoidal, 135

spinarum, 831
terminalis, 874, 1032
development of, 1032

transversa, 846
tubercidi majoris et minoris, 206
vestibidi, 843

Crucial anastomosis, 943, 950
Cruciate ligament of atlas, 311

of knee, 346
in movements of knee, 348

Crura antihelicis, 828
cerebri, 383

basis of, 583
cerebro-poutine fibres of, 591

development of, 592
position and connexions of, 583
pyramidal fibres of, 591

red nucleus of, 588, 613
tegmentum of, 583, 586

relation of, to thalamus, 610, 612, 613
to third ventricle, 610, 612, 614

temporo-pontine fibres of, 591
clitoridis, 1326
of diaphragm, 471
fornicis, 628
of penis, 1298
of subcutaneous inguinal ring, 477

Crus anterius stapedis, 840
breve incudis, 840
common, of semicircular canals, 844
helicis, 827
inferior, of subcutaneous inguinal ring, 477
intermedium of diaphragm, 471

lateral, of diaphragm, 471

longum incudis, 840
medial, of diaphragm, 472

posterius stapedis, 840
superior, of subcutaneous inguinal ring, 477

Crvptorchism, 1295

Cryptozygous skulls, 171, 286

Crystalline lens, 819
Cubitus, 323
Cuboid bone, 763

morpliology of, 295
peroneal groove of, 263
tubercle of, 263

Culmen of cerebellum, 575
Cumulus oophorus, 1314
Cuneate funiculus, 533

gyrus, 661, 662
nucleus, 533

Cuneiform Ijones of foot, 261
fiiBt, 261
second, 262
tliird, 263

morphology of, 295
ossification of, 265

Cuneiform cartilages, 1068
tubercle, 1069

Cuneo-cuboid articulation, 358
Cuneo-liugual gyri, 660
Cuueo-metatarsal ligaments, 359
Cuneus, 660, 661
Cup, optic, of optic vesicle, 33, 825, 826

of retina, 815
Cupola of cochlea, 844
Cupula terminalis, 848
Curved lines of occipital bone, 121

Cushion, endocardial, 1033
of epiglottis, 1068, 1069
Eustachian, 1143
levator, 1143

Cusps of cardiac valves, 877, 878
of teeth, 1114

Cutaneous lamella, 30
Cuticula dentis, 1122
Cutis, 857
Cut-throat, 1388
Cuvier, duct of, 1026

abnormalities of, 1057
morphology of, 1048

Cylinder, axis, 507
Cymba concha?, 827
Cystic artery, 930

duct of liver, 1202
surgical relations of, 1415

vein, 992
Cytolymph, 8
Cytoplasm, 8
Cyto-reticvdum, 8

Dacryon, 285
Dartos muscle, 485
Darwin, tubercle of, 828
Decidua, 56, 57

basalis, 57, 58, 62
capsularis, 57
layers of, 57
marginalis, 57
relation of ovum to, 57
vera, 57

Deciduous teeth, 1113, 1114, 1121

development of, 1244
Declive cerebelli, 575
Decussatio brachii conjunctivi, 548

of the pyramids, 545, 557
fountain, 589, 591
of the lemnisci, 560
of lemniscus medialis, 560
motor, 545, 557
in optic chiasma, 619
sensory, 562, 566

96
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Deciissatio {contd.), transverse, of pons, 578

Defaecation centre, 1233

Deferent duct, 1289, 1290
amj)ulla of, 1292

Degeneration, ascending, 532
descending, 532
Wallerian, 532

Deglutition, movements in, 467

Deiters, nucleus of, 605
supporting cells of, 857

Deltoid ligament, 352
muscle, 337

action and nerve-supj)ly of, 374
topography of, 1447

tubercle, 207
Demilunes of Gianuzzi, 1132

Dendrites, 507, 509
of cells of cerebellum, 580, 581

of cerebral cortex, 645

of spinal medulla, 528
of sympathetic ganglia, 704

development of, 36, 504, 512

function of, 498
Dens serotinus, 146

Dental arches, 1119
formula, 1114
index, 287
lamina, 1244, 1245

Dentate nucleus, 576, 577

Dentes or Teeth, 1113
canine, 1117

corona of, 1114
deciduous, 1121

incisive, 1115
molar, 1117
permanent, 1115

praemolar, 1117

Dentition, diphyodont, 1248
heterodont, 1248
homodont, 1248

of lower races, 1248
polyphyodont, 1248
typical mammalian, 1248

Depression in presternum, 108

Depressor alse nasi muscle, 450
septi muscle, 450

Dermal teeth, 1244
Dermic skuU, 292
Dermis, 856
Descendens hypoglossi nerve, 698, 794
Descending degeneration, 532

palatine artery, 899

Descent of the testis, 1295

gubemaculum testis, 1295

processus vaginalis peritonei, 1295

rudimentum processus vaginalis, 1295

Descriptive terms, 4

Deutoplasm of ovum, 14, 79

Development, 7

of adamant and ivory, 1247

of adamant organs, 1245

of alimentary canal, 41, 1249

of alveolar canal, 149, 157

of anal canal, 48
of anterior cardinal veins, 1038

of anterior commissure of sjnnal medulla, 34

of aortic arches, 67, 1027, 1028
of appendicular skeleton, 294
of arcuate fibres, 566
of arteries of the limbs, 1031
of atrio-ventricular canal, 1033
of auditory ossicles, 841

Development (contd.), of auditory tube, 52

of the bladder (urinary) 1328, 1332

of blood-vascular system, 1025

of brain, 33, 34, 512, 514

of branches of dorsal aorta, 1029

of bulbo-urethral glands, 1335

of caecum and vermiform process, 1251

of cerebellum, 33, 571

of cerebral hemispheres, 34, 512, 621

of cerebral nerves, 593, 682, 796

of chondro-cranium, 290
of chromaphil system, 1343
of cortical system of glands, 1341

of dermal teeth, 1244
of descending aorta, 67, 1028

of digestive system, 1242

of division of the atrium, 1033
of division of primitive ventricle, 1035

of dorsal maxillary process, 1252

of ducts of Cuvier, 1035
of ductus venosus, 1038
of ep-oophoron, 1328
of external ear, 52, 53
of external genital organs, 1328, 1335

of eye, 825
of female urethra, 1333
of first blood-vessels, 1025

of foramen epiploicum, 1253

of gastro-intestinal glands, 1250

of generative ducts, 1334

in the female, 1335
in the male, 1334

of genital eminence, 1335
of glomus caroticum, 1343

of glomus coccygeum, 1355

of great anastomotic vein (of Trolard), 1040

of greater omentum, 1253
of greater vestibular glands, 1335

of hairs, 862
of head, 495
of heart, 65, 70, 1025, 1031

of hypophysis cerebri, 49
of interventricular septum, 1035

sulcus, 1035
of intestine, 1250
of joints, 304
of labyrinth, 853
of larynx, 1100
of left superior intercostal vein, 1040

of limbs, 39

of liver, 1254
of lower lip, 1244
of lumbar veins, 1041

of lungs, 1101

of male urethra, 1332

of mamma, 1339

of medulla, 536
of mesencephalon, 33, 34, 592

of mesogastrium, 1252

of metencephalon of head, 495

of mouth, 1242
of muscles of limbs, 495
of nails, 862
of neck, 42
of nerve -cells, 35, 498
of nose, 49
of oesophagus, 1249

of palate, 49
of pancreas, 1255

of parathyreoid glands, 1349

of par-oiiphoron, 1328

of parotid glands, 1244
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Development (ronfd.), of ijeriaiixliiuu, 72, 74
of peiii)lieial m-rves, 679
of ijeritoiieiiiu, 1252
of pliaiynx, 1242
of ijliiltrum, 1244
of pinna, 62
of placenta, 56
of ijons (Varolii), 33, 514, 592
of portal .system, 1036, 1037
of posterior cardinal veins, 1040
of primary foramen ovale, 1033
of j)rimitive aorta, 67, 1027
of primitive cerebral veins, 1039
of 2>rimitive dorsal aorta, 1025
of jnimitive pharynx, 1248
of primitive veins, 1020
of prostate, 1335
of quadrigeminal bodies, 34, 592
of rectum, 1252
of renal veins, 1041
of respiratory apparatus, 1099
of salivary glands, 1249
of sebaceous glands, 862
of secondary foramen ovale, 1034
of sensory cells, 500
of septum primum, 1033
of septum secundum, 1033
of sexual glands, 1333

female, 1334
male, 1333

of sinns venosus, 1032
of skeletal muscles, 495
of skin, 861
of spinal medulla, 31, 33
of spinal nerves, 679
of spleen, 1253, 1355
of stomach, 1249
of submaxillary and sublingual glands, 1249
of sudiferous glands, 862
of superior vena cava, 1040
of suprarenal glands, 32, 1343
of sympathetic system, 681
of teeth, 1244
of thymus, 1351

of thyreoid gland, 1348
of tongue, 1249
of tonsil, 1249
of trachea, 1100
of transverse sinus, 1040
of tympanic cavity, 52
of umbilical and iliac arteries, 1030
of umbilical veins, 1036, 1037
of upper lip, 1242
of ureter and permanent kidney, 1331

of uro-genital organs, 1327
of veins, 1035

of venous valves, 1032
of ventral mesentery, 1252
of vitelline veins, 1036

Diagonal sulcus, 666
Diameter obliqua pelvis, 238

transversa pelvis, 238
Diaphragm, 471

actions of, 474
anomalies of, 473
arch of, 1439
central tendon of, 472
crura of, 471
development of, 74
foramen vente cavie of, 472
foramina in, 472
formation of, 74

Diaj)hragm (conld.), hernia of, 473
hiatus aorticus of, 472
liiatus (jcsophageus, 473
lumbo-costal arches of, 472
middle arcuate ligament of, 472
nerve-supply of, 474
openings m, 473
pars costal is of, 471
parts of, 471
relation of, to alxlominal cavity, 1439
surgical anatomy from the Ijack, 1439

pelvic, 493
Diaphragma sellse, 669

urogenitale, 489, 491
Diaphragmatic arteries of aorta, 933

of inferior phrenic, 933
of musculo-i^hrenic, 913
of i)ericardiaco-i)hrenic, 913

ganglion, 765
line of pleura, 1088, 1399, 1401
lymph glands, 1011, 1013, 1024
pleura, 1085
plexus, 765

Diajihysis of bone, 85
Diapophysis, 284
Diarthroses, 301
development of, 304

Diencephalon, 541, 608
development of, 34
parts clerived from, 609

Differences between jejunum and ileum, 1209
Digastric fossa, 155

muscle, 461
action of, 463
development of, 496
nerve-supply of, 461

triangle, 1391
Digestive system, 1103

development of, 1242
modifications of, 1103
parts of, 1104

Digital arteries of foot, 955, 958
of hand, 920, 924
morphology of, 1048
surgical anatomy of, 1454

depressions, 105, 108
flexor sheaths, 1453
sheaths of fingers, 388, 389

of toes, 430
veins of foot, 988

of hand, 978
morphology of, 1049

Digits, rudiments of the, 40
Digitus post minimus, 295
Dilatator pupilloe, 815
Dilator naris muscle, 450

tubee muscle, 838
Diphyodont dentition, 1248
Diploe of bone, 84
Diploic veins, 969
Disc, interpubic, 337

intervertebral, 307
optic, 815
tactile, 863

Discus articularis acromio-clavicularis, 319
mandibularis, 312
radio-ulnaris distalis, 327

triangular, of distal radio-ulnar joint, 327
stemo-clavicularis, 318

proligerus, 1314
Dislocation of the shoulder, 1445
Displaced medial meniscus, 1460
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Diverticulum, allantoic, 38, 39, 54
Uei, 1210

Doliclio-cephalic skulls, 171, 285
Dolicho-facial skulls, 286
Doliclio-liieric sacrum, 289
Doliclio-kerkic limbs, 289
Dolicho-knemic limbs, 289
Dolicho-pellic pelves, 288
Doliclio-uranic skulls, 287
Dorsal arcli, 924

axial line of limbs, 691
Dorsalis clitoridis artery, 942, 1428

nerve, 740
hallucis artery, 958
indicis artery, 920

abnormalities of, 1055
linguae artery, 892
pedis artery, 957

position of, 1465
surgical anatomy of, 1465

jjenis artery, 941, 942
nerve, 740

pollicis artery, 920
Dorsiflexion, 303
Dorso-epitrocblearis muscle, 370
Dorsum sellae, 134

development of, 139
Douglas, folds of, peritoneal, 1238, 1318

of sbeatli of rectus, 483
topography of, 1410

poucli of, 1237, 1318
surgical anatomy of, 1435, 1436

Drainage of left infi'a-colic compartment of

peritoneum, 1414
of right infra-colic compartment of peri-

toneum, 1414
of supra-colic compartment of peritoneum,

1414
of ventricle of brain, 1362

Drop-wrist, 1449
Ductuli aberrantes, 1289

efferentes testis, 1288
transversi (of ep-o6phoron), 1315

Duct or Ducts—Ductus

—

alveolar, of lung, 1098
arteriosus, 68, 70, 71

abnormalities of, 1050
of Bartholin, 1140
bile, 1202
development of, 1255
level of, 1443
relation of, to duodenum, 1183
surgical anatomy of, 1416
termination of, 1186, 1203

biliferi, 1201
choledochus, 1201, 1202
cochlear, 848, 849, 1201
development of, 854

of Cuvier, 69, 1026
abnormalities of, 1057
morphology of, 1048

cystic, of liver, 1202
surgical anatomy of, 1415

deferent, 1289, 1290
ampulla of, 1292
arteries of, 939, 945
development of, 1335
structure of, 1294
surgical anatomy of, 1433

ejaculatory, 1292
opening of, 1292

endolymphaticufi, 51, 79

Duct or Ducts— Ductus, endolymphaticus
(contd.), develojDment of, 854

epididymidis, 1287
epoophori longitudinalis (Gartneri), 1315
excretorius glandulse bulbo - urethralis,

1304
fronto-nasal, 804
hepatic, 1201

development of, 1255
interlobulares hepatis, 1199
development of, 1254

lactiferi mammae, 1338
lymph, right, 993

abnormality of, 1059
naso-lacrimal, 825, 1377, 1378
development of, 49
surgical anatomy of, 1377

pancreatic, 1186, 1203
para-urethral, of urethra (female), 1285
parotid, 1109, 1136

opening of, 1107
surgical anatomy of, 1376

l^haryngo-branchial, 44
jorecervical, 43
j)rostatici, 1303
reuniens (Henseni), 847

development of, 51
of Rivinus, 1139
of Santorini, larger, 1207
of Santorini,. smaller, 1207
semicircular, 847

lateral, posterior, superior, ; 844, 847
sublingual, 1108, 1138
sublingual larger, 1140
sublingual smaller, 1139
submaxillary, 1138

opening of, 1108
surgical anatomy of, 1383

sudoriferus, 861
thoracic, 993

abnormalities of, 1059
surgical anatomy of, 1394

thyreo-glossal, 1348
utriculo-saccular, 847
venosus, 71

fissure of, 1191, 1196
ligament of, 1196

vitelline, 38, 48, 55
vitello-intestinal, 48, 55
remnant of, in adult, 1196

of Wirsung, 1206
Wolffian, 1329

Ductless glands, 1341
associated with the vascular system, 1352

Duodenal folds, 1185
diverticula, 1187
fossae, 1185
impression, 1194
pouch, 1187
ulcer, 1419

Duodeno-jejuual flexure, 1187
surgical anatomy, 1419

fossa, 1185, 1419
Duodenum, 1177, 1182

ampulla of, 1186
ascending part of, 1182
caruncula of, 1186
descending j^art, 1182
development, 47
diverticulum of, 1187
duodeno-jejuual flexure, 1182
first part of, 1082



INDEX. 1501

Duodenum (conhK), glands of, 1186
horizouLil jiart of, 1182
inferior i>art of, 1182
interior of, 1186
nerves of, 11 87
orifice of bile-duct in, 1186
papilla of, 1186
jiars inferior, 1185

level of, 1185
peritoneal relations of, 11M6
plicie longitudinalt's of, 1186
position and size, 1182
relations of, 1182
relations of descending part, 1184
relations of inferior part, 1185
second part of, 1184
shape and divisions of, 1182
structure of, 1186
superior part, 1182
surgical anatomy of, 1419
suspensory muscle of, 1187
various forms of, 1187
vessels and nerves of, 1187

Dura mater encephali, 667
diaphragma sellae of, 668
falx cerebelli- of, 669

cerebri of, 668
lacunae laterales of, 974
layers of, 668
prolongations of, on nerves, 668
venous blood-sinuses of, 668, 972

spinalis, 669

Ear, 827
capsule, 131, 291
development of, 841
external, 827

auricle of, 827
development of, 52, 53
meatus of, 845

incus, 840
internal, 843
development of, 50

internal vessels of, 853
ligament of, 841
lymph vessels of the, 1004
malleus, 839
middle, 832
muscles of, extrinsic, 449

intrinsic, 841
ossicles, auditory, 838
semicircular canals, bony, 844
stapes, 840
surgical anatomy of, 1365

Ebner, glands of, 855
Ectochondral ossification, 86
Ectoderm, 21, 23

neural, 22, 30
structures formed from, 33
surface, 39

Effusion into the shoulder-joint, 1445
knee-joint, 1461

Egg-tubes, 1314
Ejaculatory duct, 1292, 1302, 1306

development of, 1304
opening of, 1306

Elastic lamina of arteries, 868
of Bowman, 810

of comea, 810
Elbow, bony points about the, 1449

surgical anatomy of, 1449

Elbow-joint, 323

Elbow-joint (cnnfd.), fat-pads of, 325
incisions into, 1449
movements at, 325
muscles acting on, 382, 401
nerves of, 705, 7U9, 711

surgical anatomy of, 1449
synovial stratum of, 325

Ellipsoid joints, 301

Embolus of cerelMjllum, 577
Eml)ryo, ectoderm of, 39
entoderm of, 39, 40
external features of, at different periods, 74
foM, head, 37

tail, 38
folding off of, from blastodermic vesicle, 37
folds, lateral, of, 38
formation of the, 37
intermediate cell-tracta of, 30
lateral mesodermic plates of, 30
membranes of, 53-63
mesodermic somites of, 28, 29
nutrition of, 53
period of the, 7

protection of, 53
summary of, 39

Embryology, 1, 7

Embryonic area, 22
at different periods, 74, 79

Eminence, arcuate, 130, 182
genital, 48
ilio-pectineal, 231, 233

Eminentia arcuata, 130, 133
collateralis, 637
conch ae, 828
fossoe triangularis, 828
Intercondyloidea, 247
medial is of fourth ventricle, 551
scapha?, 828

Emissary veins, 975
Empyema of maxillary sinus, 1378
Enarthrodial joints, 301
Encephalon, 539

general appearance of, 539
connexions of parts of, 541

End-bulbs of Krause, 864
End organs, special, 863

articular bulbs, 864
corpuscles of Pacini, 864
genital corpuscles, 864
of Grandry, 864
of Golgi and Mazzoni, 865
of Krause, 863
neuro-muscular spindles, 866
neuro-tendinous spindles, 865
of Ruffini, 865
tactile corpuscles of "Wagner and Meissner,

865
Endocardial cushions, 1033
Endocardium, 879

structure of, 879
Endochondral ossification, 86
Endolymph, 846
Endoskeleton, 81

Entoderm, 21, 22, 42
Eparterial bronchus, 1083, 1097
Ependyma, 632, 636, 637
Ependymal cells, 632

layer, 632
Epibranchial organs, 796, 797
Epicardium, 879
Epicondyles of humenis, 207

ossification of, 210
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Epicondyles of humerus {contd.), surgical

anatomy of, 1449
of femur, 243

Epicondylic lines, 207
process of humerus, 210, 280

ossification of, 210
ridges, 207

Epicranius muscle, 448
action of, 449
nerve-supply of, 449

Epidermis, 857
ajipendages of, 858
development of, 861
Malj^ighian layer of, 857
stratum corium of, 857, 859

filamentosum of, 859
germinativum of, 857
granulosum of, 858
mucosum of, 857

vessels and nerves of the, 859
Epididymal artery, 1289
Epididymis, 1286, 1287

aberrant ductules of, 1289
development of, 1327, 1334

appendix of, 1287
canal of, 1289
development of, 1327, 1334

caput of, 1287
Cauda of, 1287
corpus of, 1287
sinus of, 1287
structure of, 1288
surgical anatomy of, 1430

Epidural space, 667, 669
Epigastric artery, inferior, 944

formation of, 1030
surgical anatomy of, 1408

superficial, 947
superior, 913

fossa, 1397
region, 1159, 1411
vein, inferior, 988

superficial, 986
superior, 963

Epigastrium, 1159
Epiglottic cartilage, 1065
Epiglottis, 1065

cartilage of, 1065
in deglutition, 1077
development of, 45, 1100
frenulum of, 1067
glands of, 1065
level of, 1442
ligaments, 1067
taste buds of, 1067
tubercle of, 1068, 1069

Epihyal, 159
Epiotic, 132
Epiphora, 1377
Epiphyses, 85

of bone, 85
development of, 34
distal of humerus, 1449
pressure and traction, 85

Epiphyseal line, 85
Epiploic foramen, 1163, 1238

surgical anatomy of, 1419
Epipteric bones, 132, 145
Epispinous process, 92
Epistenial bones, 276

notch, level of, 1442
Epistropheus, 92

Epistroj^heus (contd), articular surface -of, 92
body of, 92
dens of, 92
ossification of, 105

Epithalamus, 609, 614
development of, 35, 608

Epitrichium, 862
Epitrochleo-anconeus muscle, 398
Epitympanic recess, 1369
Eponychium, 859, 862
Ep-oophoron, 1315, 1316

appendices vesiculosi of, 1315
development of, 1335
longitudinal duct of, 1315
transverse ductules of, 1315

Erect position, 4
Erector clitoridis muscle, 488

penis muscle, 488
Eruption of teeth, 1120

deciduous, 1246
permanent, 1120, 1121

Erythroblasts, 83
Ethmoid bone, 139

alar jsrocesses of, 140
ossification of, 142

relation of, to cranial fossa, 179
to nasal cavity, 184
to orbit, 163

variations in, 278
Ethmoidal air-cells, 140, 804

surgical anatomy of, 1372, 1373
arteries, 903
canals, 116, 140

in anterior cranial fossa, 179
crest, 151

foramen, anterior, 140, 163
posterior, 140, 163

notch of frontal, 116
plate, 292
process, of inferior concha, 143

Ethmo-turbinals, 141, 292
Ethmo-vomerine region, 292
Eutelolecithal ovum, 14

Eversion of foot, 436
Examination of interior of female bladder, 1436
Excavatio of j^ajiilla of ojDtic nerve, 815

recto-uterine, 1318
recto-vesical, 1226, 1237
vesico-uterine, 1226, 1237, 1238, 1317

Excision of the knee-joint, 1461

Exoskeleton, 81

Expiration, 474
Exposure of hemisi)here of cerebellum, 1363

of meningeal arteries, 1364

of semilunar ganglion, 1365
Expression, facial, 452
Extension, movement of, 436

Extensor carpi radialis brevis muscle, 396
action of, 396
nerve -sujDply of, 396

longus muscle, 396
action of, 396
nerve-supply of, 396

ulnaris muscle, 398
action of, 398
nerve-sup2)ly of, 398

digiti quinti proprius muscle, 398
action of, 398
nerve-sui)i)ly of, 398

digitorum brevis muscle, 426
action of, 426
nerve-supi)ly of, 426

J
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Extensor diyiloriiin liinvis muscle {conld.),

t()i»of,M;ii)liy of, 1466
coniiimiii.s imiscle, 397

action <jf, 397
neive-supi)ly of, 397

loiigus nuiHcle, 425
action of, 425
nervn-sunply of, 425
toj)ogr<'ij)ny of, 14(J5

halliicia longus muscle, 42(J

action of, 426
nerve-supply of, 420

indicis proprius muscle, 400
action of, 400
uerve-suj)ply of, 400

ossis metatarsi liallucis muscle, 42(5

pollicis brevis muscle, 400, 426
action of, 400
nerve-supply of, 400

longus muscle, 400
action of, 400
nerve-sui)ply of, 400

External acoustic meatus, surgical anatomy of,

1366
capsule, 644
urethral orifice of female, 1326

Extraperitoneal tissue, 475
of pelvis, 489

Extravasation of urine, 485
Eye, 806

anterior chamber of, 813
arteries of, 823
cameraj of, 813, 821

commissures, medial and lateral, 821

development of, 825
glands of, 823
layers of optic vesicle, 820
movements of, 454

pineal, 547
Eyelashes, 822, 823
Eyelids, 821

blood-vessels of, 823
caruncula lacrimalis, 821
commissures, medial and lateral, 821
development of, 827
in foetus, 76, 78, 79

glands of Moll of, 823, 827
lacus lacrimalis of, 821

lymph vessels of, 824, 1004
mucous membrane of, 823
muscles of, 450

actions of, 454
nerves of, 824
palpebral ligament of, inferior, 822

medial, 822
superior, 822

fissure, 821
raphe, lateral, 822

papilla lacrimalis of, 821

plica semilunaris conjunctiva^, 821

septum orbitale of, 822
skin of, 823
surgical anatomy of, 1376

tarsal arches of, 823
glands of, 823

tarsi of, 821
third, 821

Eye-teeth, 1117

Face, bones of, 146

bony landmarks of, 1374

measurements of, 286

Face (coiitd.), muscles of, 450
actions and nerve supi)ly of, 451

development of, 496
skeleton of, at birth, 196

surgical anatomy of, 1375

Facial Ijones, 146

canal, 129, 130

index, 286
nerve, 598, 781

ascending part of, 699

buccal branches of, 784
cervical branch, 784
cervico-facial division of, 784

coUiculus facialis of, 599
development of, 683

emergent i)art of, 599
exj)Osure of trunk of, 1375

intrapontine course of, 599

marginal branch of mandibh;, 784

migration of nucleus of, 600
nervus interniedius, nuclei of, 598

nucleus of, 567, 598
radicular part of, 599
relations of, to tympanic antrum, 1371

somatic fibres of, 599
splanchnic-efferent fibres of, 598
temporo-facial division of, 784
zygomatic branches of, 784

veins, 965
common, 965

surface anatomy of, 1375, 1391
deep, 965

Falciform crest, 131

ligament of fossa ovalis, 403
of liver, 1196

development of, 1196, 1252
topography of, 1415

margin, 404
process of sacro-tuberous ligament, 337

False passages in urethra, 1428
Falx cerebelli, 669

cerebri, 668
inguinalis aponeurotica, 479, 481

surgical anatomy of, 1408
Fangs of teeth, 1114
Fascia or Fasciae, 364

of abdominal cavity, 474, 485, 489
of abdominal wall, 474
anal, 490
antibrachii, 382
of arm, 378
axillaiy, 369
of back, 365, 437
brachii, 378
bucco-jjliaryngea, 1149
bulbi, 452, 807

check ligaments of, 807
suspensory ligament of, 807

of buttock, superficial, 402
cervical, deep, 447, 1385

muscular com2)artments of, 1386
suprasternal comimrtment of, 1386
surgical anatomy of, 1385
vascular compartment of, 1386
visceral compartment of, 1385

cremasterica, 480
cribrosa, 403, 405
cruris, 422
deep, 304

of arm, 378
of chest, 369
of shoulder, 373
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Fascia or Fascice {coiitil), dentata, 625, 626

diapliragmatis pelvis superior, 491

wrogenitalis inferior, 338, 489
superior, 491

of foot, 423
of forearm, 382

deep, 382
superficial, 382

of groin, 402
deep, 403
superficial, 402

of hand, 384
of head, 446

deep, 447
superficial, 446

iliaca, 1157
infimdibuliform, 475
intercolumnar, 477
lata, 403, 405

fossa ovalis of, 403
surgical anatomy of, 1459

of leg and foot, deep, 422
superficial, 422

lumbar, 437
lumbo-dorsal, 437
masseteric, 447, 454
of neck, 1386, 1389
obturator, 489
of orbit, 452
palmar, 384
parotid, 447, 1133
pectinea, 403
pectoralis, 369
pelvis, 485, 489

tendinous arcli of, 491

penis, 1300
of perineum, 485

surgical anatomy of, 1427

pliaryngo-basilar, 1149
phrenico-pleural, 1089

piriform, 489
plantar, 423
popliteal, 405

surgical anatomy of, 1457

of poj^liteus, 425
prsevertebral, 448, 467, 1386

prostatae, 493, 1429
rectal, 1228
recto-vaginal, 493
recto-vesical, 493
renal, 1259
salpingo-pharjTigea, 838

of shoulder, 373
spermatic external, 477

internal, 475
superficial, 364

of arm, 378
of chest, 369

temporal, 447
of thigh and buttock, 402

thyreoid, 1389
transversal is, 475
triangular, 478
of upper limb, 378
urethro-vaginal, 493
of urogenital diaphragm, inferior, 489

superior, 491

Fasciculus or Fasciculi

—

anterior proprius, 538
antero-lateral superficial, 536
.bullx)-spinal, 538
bulbo-tnalamic, 591, 651

Fasciculus or Fasciculi (conid.)—
cerebello-spinal, 536
cerebro-pontine, 591

cerebro-spinal anterior, 536, 539
lateral, 536, 538, 545

circumolivary, 557
cuneatus, 526, 533, 559
gracilis, 522, 526
intra-fascicularis, 533, 559
lateralis (plexus brachialis), 701

lateralis proprius, 538
longitudinalis inferior, 650

medialis, 586-588
superior, 650

mamillo-thalamic, 612, 615
medialis (plexus brachialis), 701

occipito-frontal, superior, 651
olivo-spinal, 538
posterior (plexus brachialis), 701

j)OStero-lateral, 534

l^roprius anterior, 535
lateralis, 535
posterior, 535

pyramidal, 591
retroflexus, 591, 614
rubro-sjjinal, 538, 588

origin of, 516

septo-marginal, 535
solitarius, 564, 596, 597, 598
spino-cerebellar, 531, 563

anterior, 537, 578
posterior, 537

sj)ino-tectal, 537
spino-thalamic, 535, 537, 545, 565, 591, 651

anterior, 537, 538

l^osterior, 537
spiralis of cochlear nerve, 852
strio-nigricus, 641
strio-rubricus, 641
strio-thalamicus, 641

tecto-bulbaris et spinalis, 591

tecto-spinal, 538, 562
origin of, 516

temporo-thalamic, 643
thalamo-mamillary, 612, 615
thalamo-olivary, 556, 568
uncinate, 649
vestibulo-spinal, 538, 605

of Vicq d'Azyr, 612, 615
Fasciola cinerea, 629, 946
Fat-pads, synovial of joints, 302

of elbow-joint, 325
of hip-joint, 341

of knee-joint, 348
Fauces, 1112

arches of, glosso-palatine, 1112

pharyngo-palatine, 1112

isthmus of, 1112
level of, 1442
surgical anatomy of, 1383

Female pronucleus, 16, 20
Female reproductive organs, 1310

bulbus vestibuli, 1310
clitoris, 1310
external genital organs, 1310
greater vestibular glands, 1310
labia majora, 1310

minora, 1310
mons Veneris, 1310
ovary, 1310, 1311

rima pudcndi, 1310
uterine tube, 1310
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Female re'j)roiliictivc organs (con<t/.), uterus, 1310
vagina, 1310

Femoi-al arch, deep, 40.'i

superficial, 405
artery, 946

ligature of, 1459
•surgical anatomy of, 1459

canal, 405
fossa, 1235
liernia, 405
lymj>h glands, 1013
ring, 405
sej)tum, 405
siieatli, 947
triangle, 414
vein, 985

Femur, 239
adductor tubercle of, 242, 412
architecture of, 273
condylar surface of, 244
condyles of, 243
connexions of, 244
distal epiphyseal line of, 1462
distal parts of shaft, 1459
epicondyles of, 243
fovea capitis of, 240
greater trochanter of, 241
head of, 239
homology of, 294
intertroclianteric crest of, 240

line of, 240
lesser trochant^ir of, 242
linea aspera of, 242
neck of, 240
nutrient foramina of, 244
ossification of, 244
patellar surface of, 244
pectineal line of, 242
piLastered femur, 281
platyraerie, 281
popliteal surface of, 242
sexual differences of, 244
shaft of, 242
spiral line of, 242
thirtl trochanter of, 242, 281
trochanteric fossa of, 241
variations in, 281

Fenestra ovalis s. vestibuli, 832
rotunda a. cochleae, 833

Fenestrated membrane, 868
Fertilisation of ovum, 20
Fibr£e arcuatfe externie, 566

intenife, 560
development of, 566

circulares Miilleri, 813
lentis, 820
meridionales (Brueckei), 813
obliqucE ventriculi, 1174

Fibres, association, of spinal medulla, 534
commissural, of cerebellar, 578
cortico-striate, 653
cortico-thalimiic, 612
intercolumnar, 477
internal arcuate, 560, 561
of medulla oblongata, 556, 560
of Purkinj^, 879
thalamo-cortical, 612

Fibrils of ivory, 1123
Fibrocartilages, intervertebral, 306
Fibrous plate of fingers, 333

of toes, 361
tympanic, 831

Fibula, 250
anterior crest of, 252
apex of head, 250
architecture of shaft of, 250
connexions of, 253
incisions to expose the shaft of, 1462
interosseous crest of, 252
lateral crest of, 252
lateral malleolus of, 253
medial crest of, 253
morphology of head of, 250
ossification of, 253
shaft, examination of, 1462
surface of, 252
variations in, 282

Fibular artery, 953
Fibulare, os, 295
Field, polar, 13

Filament, axial, 18

Filiform papilke, 1126
Filtration angle of cornea, 809
Filum terminale, 518
Fimbria cerebri, 627

ovarica, 1312
tubae uterinte, 1314

Finger-cells, 857
Fingers, bones of, 226
movements of, 401

Fissure or Fissures—Fissura
angular, 665
anterior median, of spinal medulla, 521
antitrago-helicine, 829
of anus, 1430
auricular, 127
calcarine, 660
central, of brain, 663
development of, 662, 663
topography of, 1360, 1361
transitional gyri of, 663

of cerebellum, 571
of cerebrum, 571, 572, 573
chorioidal, of brain, 621, 637, 675

development of, 621
chorioidal, of eye, 826
collateral, 661, 662
" complete," 646
of ductus venosus, 1191, 1197
floccular, of cerebellum, 572
development of, 573

fnmtal, inferior, 665
middle, 665
superior, 665

fronto-marginal, 665
hippocampi, 626
horizontal, of cerebellum, 573
development of, 572

inferior orbital, 137, 147
interparietal proprius, 664
lateral, of the brain, 653

anterior ascending ramus of, 653, 654
horizontal ramus, 654

ascending ramus, 654
development of, 655, 656
posterior ramus, 653
stem of, 653
terminal piece of, 665
topography of, 1359, 1360

longitudinal, of cerebrum, 540, 646
development of, 608

lunatus, 660
of lung, 1095
of medulla oblongata, 543
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Fissure or Fissures—Fissura (contd.), occipital,

anterior, 665
lateral, 661
paramedial, 661
transverse, 664

olfactory, 666
orbital (of brain), 666

inferior, of skull, 137, 147, 162, 163, 189

ossa suturarum in connexion with, 146

superior, variations in, 136, 162, 180

palpebral, 821
paracentral, 664
paramedial, 661
parapyramidal, 573
development of, 573

l^arietal, superior, 665
parieto-occipital, 661

topography of, 1360
paroccipital, 661
petro-basilar, 130
petro-occipital, 176
petro-squamous, 131

petro-tympanic, 127, 834
portal, 1190
post-central, inferior, 664

superior, 664
post-lunar, 573
development of, 572

post-nodular, 571
development of, 571

post-tonsillar, of cerebellum, 573
prae-cuneal, 665
pre-central, inferior, 665

superior, 665
prima of cerebellum, 572
pterygoid, 138
pterygo-maxillary, 168, 192

pterygo-palatine, 192

rhinal, 624
sagittal, of the lingual gyrus, 662
secundaria of cerebellum, 572
simial, 660
spheno-petrous, 175, 176

of spinal mediilla, 521, 522
development of, 521

subparietal, 665
superior orbital, 160, 180
suprapyramidal, 573
development of, 572

temporal, inferior, 658
middle, 658
superior, 658

topography of, 1360
transverse, of the brain, 674

of liver, 1180
tympano-mastoid, 127
umbilical, 1191
urogenital, 1329
vestibuli, 844

Fistula in ano, 1431
Flat bones, 82, 85
Flechsig, areas of, 564
Flexion, 377
Flexor carpi radialis muscle, 385

action of, 386
bursa, 386
nerve-supply of, 386
surface anatomy of, 1452 -

ulnaris muscle, 386
action of, 387
nerve-supply of, 387

caudse muscle, 494

Flexor digiti quinti brevis of foot, 435
action of, 435
nerve-supply of, 435

of hand, 394
action of, 394
nerve-supply of, 394

digitorum brevis, 433
action of, 433
nerve-supply of, 433

longus muscle, 430
action of, 430
nerve-supply of, 430

profundus, 388
action of, 389
nerve-supply of, 389

sublimis muscle, 388
action of, 388
nerve-supply of, 388

hallucis brevis muscle, 434
action of, 434
nerve-supply of, 434

longus muscle, 431
action of, 431
nerve-supply of, 431

poUicis brevis muscle, 393
action of, 393
nerve-supply of, 393

longus muscle, 390
action of, 390
nerve-supply of, 390
surgical' anatomy of, 1453

sheath, common, of hand, 1453

Flexnra coli dextra, 1211
sinistra, 1211

Flexures of brain, 514
cephalic, of brain, 514
cervical, of brain, 514
duodeno-jejunal, 1182, 1187

topographical anatomy of, 1419

left, of colon, 1211, 1220
level of, 1442
topography of, 1422

perineal, of rectum, 1224
pontine, of brain, 514
right, of colon, 1211, 1220, 1422

level of, 1423
topography of, 1422

sacral, of rectum, 1224
sigmoid, 1211

Floating ribs, 112

Flocciilar fissure of cerebellum, 572

development of, 573
fossa, 131, 133

Flocculus cerebelli, 571
development of, 571

Floor, pelvic, 490
plate, 500, 502

Foetus, circulation of, 71

estimate of age of, 78, 79

external characters of, at different jieriods, 74

membranes of, 53, 62
period of the, 7

Fold or folds, ary-epiglottic, 1068
development of, 1100

axillary, 1446
caudal, 38, 74

cephalic, 38, 74
of Douglas, of sheath of rectus, 483

topography of, 1410
genital, 1333
glosso-ei^iglottic, 1067

gluteal, 1455
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Fold or fokls (cimUi), ilio-ca;cal, 12L8

laliio-scrotal, 1328
of larynx, 1068

ary-ej)igl()ttic, 1068
vt'iitncular, 1008
vocal, 1068

medullary, 23, 74
pharyii^'u-uj)iglottic, 1067

recto-gi'iiital, 1317

recto-utorine, 1317
of j)elvic peritoiieiiiu, 1238, 1318

recto- vaginal, 1317
sacro-gonital, 1283, 1318

salpingo-j^ialatine, 838, 1143

saIi)ingo-pliaryngeal, 838, 1143

soiniluiiar, of Douglas, 483

transverse vesical, 1283

utero-vesical, 1317

ventricular, 1068
vestigial, of Mareliall, 872, 882

vocal, 1068
Folds and fossae about the caecum, 1218

Folia of cerebellum, 571, 580
Folium vermis of cerebellum, 572
Follicles, of hair, 860

of Lieberkiilm, 1181

lymph, 995
primitive, of ovary, 1334
of teeth, 1245, 1246

Folliculi oophori primarii, 1331

vesiculosi, 1313
development of, 1334

Folliculus pill, 860
Fontana, spaces of, 810
Fontanelle, anterior, 194

autero-lateral, 194
posterior, 194
postero-lateral, 194

sagittal, 194
Fonticnhis frontalis, 194

mastoideus, 194
occipitalis, 194

sphenoidalis, 194

Foot, articulations of, 351

bones of, 254
architecture of, 274
morphology of, 295
ossification of, 265, 267, 268
variations in, 282

fasciae of, 423
lymph vessels of, 1014, 1015
mechanism of, 361

muscles of, 424, 430, 432-435

actions and nerve-siij)})lie3 of, 435, 436
surgical anatomy of, 1463, 1467
transverse arch of, 361

Foot-plate of stapes, 840
Foramen apicis aentis, 1114

ciecum linguae, 1126, 1348
development of, 44, 1249, 1348

of medulla oblongata, 544
of skull, 140

centrale cochleaj, 844
diaiihragmatis (sell*), 699
epiploicuni, 1162, 1183, 1238

cfevelopment of, 1253
surgical anatomy of, 1272

ethmoidal, 142, 179

posterius, 140, 163

of Huschke, 832

incisivum, 149, 174

incisor, 149, 174

Foramen (conld), infraorbital, 146, 162
surface anatomv of, 1375

interventricular, 543, 608, 618, 621, 832
devciopniL-nt of, 608, 621

intervertebral, 89, 95
ischiadicum niajus, 229, 337

minus, 232, 337
jugular, 176, 177, 182
lacerum, 176, 180
of Mageii<lie, 553
magnum, 123, 178, 182

jMane of, 124
mandilmlar, 156
mastoid, 128

mental, 155
surface anatomy of, 1375

obturator, 228, 234
occipital, 172, 178
optic, 180

abnormalities of, 278
ovale, of heart, 875

development of, 1033, 1034
pereistence of, 1050

of sphenoid, 136, 169, 176, 180
abnormality of, 278

palatine, greater, 151, 174
surgical anatomy of, 1384

lesser, 152, 174
parietal, 171

origin of, 277
quadratum, 473
rotundum, 136, 180

abnormality of, 278
of Scarpa, 149, 174
sciatic, greater, 229, 337

lesser, 232, 337
singulare cochleae, 846
spheno-palatine, 185, 192
spinosum, 136, 169, 176, 180

abnormality of, 278
of Stenson, 149, 174
development of, 149

stylomastoid, 129, 177
absence of, 278

supraorbital, 116, 160
surface anatomy of, 1358

supratrochlear, of humerus, 280
transversarium, 90, 92, 93

serial homology of, 284
venae cavae, 472
vertebral, 90, 93, 95, 96
of Vesalius, 136, 168, 180
zygomatico-facial, 153
zygomatico-orbital, 154
zygomatico-temporal, 154

Foramina alveolaria, 147
anterior, of sacrum, 96
ethmoidal, 162
interventricular, 618
intervertebral, 89
nervosa, 849
palatina minora, 152
papillaria of kidney, 1265
sacralia anteriora, 96

posteriora, 97
venarum minimarum cordis (Thebesii), 874,

960
Forearm, fasciae of, 382
lymph vessels of, 1006
muscles of, 382
superficial veins of, 978
surgical anatomy of, 1450
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Forearm and hand, 382
surgical anatomy of, 1450

Fore-brain, 514
development of the primitive, 33
second dilatation, 33

Fore-gut, 38
differentiation of the, 42
dorsal wall, developments of, 47
lateral "wall of the, 42

branchial bars of, 42
pouches, 42

pharyngeal bars of, 42
pouches, 42

ventral wall, developments of, 44
Formatio hippocampalis, 625

reticularis of medulla oblongata, 564
alba, 564
grisea, 564

of pons, 564
of spinal medulla, 524

Formation of alveoli of teeth, 1246
Fornix cerebri, 625

body of, 629
columns of, 615, 627
connexion of, with hippocampus, 625
crura of, 628
crus of, 628
development of, 34, 628
fimbria of, 628

pharyngis, 1145
vaginae, 1321

Fossa or Fossae, acetabuli, 284
anterior cranial, 179
of antihelix, 828
caecalis, 1218
canina, 146, 179, 183, 188, 189
condylic, 122
coronoid, of humerus, 208
cranial, 179

anterior, 179, 188, 189

middle, 180, 190, 191
posterior, 182, 191

digastric, 155

ductus venosi, 1191, 1192
duodenal, inferior, 1185

superior, 1185
duodeno-jejunal, 1185, 1419

surgical anatomy of, 1419
epigastric, 1397
femoral, of peritoneum, 1235
floccular, 130, 133
for gaU-bladder, 1191
glandulse lacrimalis, 143, 162
glenoid, of scapula, 201, 202

of temporal bone, 125
condition of, at birth, 133
surgical anatomy of, 1445

of helix, 828
hypophyseos, 134
development of, 291

liypotrochanterica, 281
ileo-csecal, 1218
ileo-colic, 1218
iliaca, 231
incisor, of mandible, 155, 156
incudis, 840
inferior duodenal, of Jonnesco, 1419
infraspinous, 202
infratemporal, 168

boundaries, 168
floor of, 169

inguinal, intermediate, 1235

Fossa or Fossae (contd.), inguinal, lateral, 1235
medial, 1235

intercondyloid, of femur, 243
anterior, of tibia, 247
posterior, of tibia, 247

interpeduncular, 180, 541
intersigmoid, 1223

surgical anatomy of, 1423
ischio-rectal, 1238
jugular, 177

condition of, at birth, 133
relation of, to jugular foramen, 177

to tympanum, 1369
lacrimal, 148, 163
of Landzert, 1185
lateral, of brain, 655
for ligamentum teres of hip, 284

variation in, 281
mandibular, 167
mastoid, 1369
middle cranial, 180
myrtiform, 146
nasal, 801
navicularis urethrae (Morgagiii), 1308

surgical anatomy of, 1428
vestibuli vaginae, 1325

olecrani, 208
orbital, 160
ovalis of heart, 874

development of, 1033
of thigh, 403

ovarian, 1312
paraduodenal, 1185
pararectal, 1227, 1238
paravesical, 1238, 1280
patellar, 819
post-condylic, 177
posterior cranial, 182
pterygoid, 174
pterygo-palatine, 170
radial, 208
retro-caecal, 1218
retro-colic, 1219
retro-mandibular, 1113
retro-ureteric, of bladder, 1277
rhomboid, 550
of Rosenmuller, 1 144

development of, 1144
surgical anatomy of, 1385

sacci lacrimalis, 825
scaphoid, of auricle, 828
scaphoid, of sphenoid, 138, 175, 176

subarcuate, 130, 131

submaxillary, 155

supraspinous, 202
supratonsillar, 1145
development of, 1249

temporal, 166
lower part, 167

triangular, of auricle, 828
trochanteric, of femur, 241

venae cavse (inferioris), 1191, 1192
umbilical, 1191

vermiform, 278
vesicae felleae, 1191
zygomatic, 168, 175

Fossula fenestrse cochlea3, 129, 833
vestibuli, 832

inferior, of internal acoustic meatus, 846

superior, of internal acoustic meatus, 846

Fossulse tonsiilares, 1146
Fountain decussation, 589, 591
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Fountaiu decussation (contiL), functions of, 589
Fourchette, 1324

Fourth ventricle, 549
clava of, 579
obex of, 579
roof of, 578

Fovea capitis femoris, 240
capituli radii, 214
centralis retina;, 815

costalis inferior, 93
superior, 93

dentis, 91
femoralis, 1235

inferior of fourth ventricle, 550
inguinalis, 1235

lateral, 1235
medial, 1235

pterygoidea, 157
submaxillaris, 155

superior, of fourth ventricle, 551
supravesiciil, 1235
trochlearis, 117, 162

Foveae articulares superiores atlantis, 91
Foveolae gastricce, 1176
Fracture of the clavicle, 1445

dislocations of the vertebral column, 1443
of sternum, 1397

Frennla valvidae coli, 1214
Frenulum clitoridis, 1324, 1326

epiglottidis, 1126

of Giacomini, 629
labii inferioris, 1106

superioris, 1106
labionini pudendi, 1324
linguae, 1108, 1128

surgical anatomy of, 1383
prseputii, 1299
veli, 582
development of, 542

Front of thigh, surgical anatomy of, 1458
Frontal artery of ophthalmic, 904

surgical anatomy of, 1358
of superficial temporal, 897

bone, 115
angular process of, 115, 160, 166
architecture of, 270
cerebral surface of, 117

crest of, 117, 179
ethmoidal notch of, 116
ossification of, 118
sexual differences in, 115

superciliary arches of, 116
surgical anatomy of, 1364
tuberosities of, 115
variations in, 277

eminence, 115
difiference in, due to sex, 193
relation of, to brain, 1360

gyrus, inferior, 665
middle, 665
preceutral, 665

• superior, 665
nerve, 772
plane, 5

process of maxilla, 148, 163

of zygomatic bone, 153

region of the brain, 665
sinus, 2Y0

in coronal sections, 186

exploration of, 1372

growth of, 118

at puberty, 197

Frontal sinus, (contd.), relation of, to infimdi-

bulum, 141

to nose, 186

to orbit, 162

size of, 1371

skiagraphs of, 1372

surgical anatomy of, 1371

trans-iUumination of, 1372
suture, 160
vein, 967, 969

Fronto-marginal sulcus, 665
Fron to-nasal process, 49
Fronto-pontine strand, 653

in crus cerebri, 591

in internal capsule, 642
Froriep's ganglion, 684, 796
Fundus of caecum, 1213

meatus acustici intenii, 845
of stomach, 1163, 1168

level of, 1442
surgical anatomy of, 1417

tympani, 832
uteri, 1316, 1434
ventriculi, 1163
vesicae, 1274

Fungiform papillae, 1127
Funicular cells, 504

process, 1409
Funiculus anterior of spinal medulla, 538

cuneatus, 526, 533, 547
constitution of, 538
in section of medulla oblongata, 555

gracilis, 526, 547
constitution of, 532
in section of medulla oblongata, 555

lateralis of spinal medulla, 535
posterior of spinal medulla, 533
separans, 551
spermaticus, 1296

coverings of, 1297
umbilicalis, 56

Furcula, 45
Furrow, bicipital, 1445

nuchal, 1395
sternal, 1397
ulnar, 213
vertebral, 1436

Furrowed band of cerebellum, 576

Galea aponeurotica, 447, 449
Galen, great veins of, 674
Gall-bladder, 1201
body of, 1201
development of, 1250
duct of, 1201
fundus of, 1201
neck of, 1201
spiral valve of, 1201
structure of, 1202
surgical relations of, 1415
variations in, 1202

Gallstones, impacted, 1415, 1416
Gametes, 11

female, 11

male, 11

GangUa, essentials of, 498
primitive, 32
spinal, 685
of sympathetic plexuses, 753
of trunk, sympathetic, 753

Gangliated cord of sympathetic, 753
Ganglion or Ganglia, aberrantia, 685
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Ganglion or Ganglia {contcl), aortico-renal,
764

basal, of central hemispheres, 637
of cardiac plexuses, 789, 880
cardiac (Wrisbergi), 790
of cerebral nerves, 678, 767
cervical, inferior, of sympathetic, 759

branches of, 759
surgical anatomy of, 1398, 1442

middle, of sympathetic, 759
branches of, 759

superior, 759
of uterus, 1321

ciliary, 773
development of, 683, 796
long root of, 773
morphology of, 796
roots of, 773
short root of, 770
sympathetic root of, 773

coccygeal, 753
cochlear, 554, 664, 785
cceliac, 763
of Corti, 845, 852
diaphragmatic, 765
of Froriep, 796
geniculi of facial nerve, 598, 782

development of, 683, 796
morphology of, 796

habenulse, 614
impar, 753, 763
inferior cervical, of sympathetic, 759
interpedunculare, 591, 614

relation of, to fasciculus retroflexus, 614
jugular of vagus, 786, 788

development of, 796
morphology of, 796

lumbar, 761, 762
mesenteric, superior, 765
middle cervical, of sympathetic, 759
nodosum of vagus, 786, 788

development of, 684, 796
morphology of, 796

olfactory, 622
morphology of, 622

otic, 781
development of, 684, 796

petrous, 785
branches of, 786
development of, 684, 796
morphology of, 796

phrenic, 765
sacral, 763
semilunar, 600, 772
development of, 683, 796
morphology of, 796

of sensory nerves, 510
spheno-palatine, 775, 777
development of, 683, 795, 796

spinal, 685
aberrant, 685
cells of, 685
development of, 679

spiral, of cochlear, 785, 845, 852
splanchnic, 761
submaxillary, 780

branches from, 780
roots of, 780

superior cervical, of sympatlietic, 756
superius, of glossopharyngeal nerve, 785
development of, 684, 796
morphology, 796

Ganglion or Ganglia (contd), sympathetic, 504
cells of, 753
cervical superior, 756

branches of, 756
collateral, 754
development of, 681
gray rami of, 754
terminal, 754, 767

of the tendon sheath, 1451
thoracic, 759 \^

central branches of, 761
first, 759
peripheral branches of, 761
plexuses of, 761

trunci symj^athici, 753
of vagus, 786, 788
vestibular, 853
development of, 683, 796

Ganglionic crest, 679
layer of retina, 816

Gastric artery, 929
impression of liver, 1193

of kidney, 1264
lymph glands, 1019
ulcer, perforation of, 1418
veins, 992, 1019

Gastrocnemius muscle, 428
action of, 429
nerve-supply of, 429
surface anatomy of, 1463

Gastro-colic ligament, 1241
Gastro-duodenal artery, 930
Gastro-enterostomy, 1418
Gastro-epiploic artery right, 930

veins, 992
Gastro-lienal ligament, 1162, 1170, 1236, 1240,

1242
development of, 1256

Gastro-phrenic ligament, 1170, 1236
Gelatinous marrow, 83
Gemellus inferior muscle, 418

superior muscle, 418
actions of, 418
nerve-supplies of, 418

General lumbar index, 288
Geniculate bodies, lateral, 620

development of, 35, 608
internal structure of, 613

medial, 582
ganglion, 598, 782

Genio-glossus muscle, 462
action of, 463
nerve-supj)ly of, 463
surgical anatomy of, 1383

Genio-hyoid muscle, 461
action of, 462
nerve-supply of, 462

Genital cord, 1334
eminence, 78, 1328, 1336
fold, 1333
organs, development of, 1328

female, 1334, 1335, 1336
male, 1333, 1335, 1336

ridge, 1333
Genito-femoral nerve, 722
Gennari, stria of, 644, 659
Genu capsulae internjB, 642

of central fissure of the brain, 663
of corpus callosum, 630
of facial nerve, 782

Germ cells, multiplication of, 12

primitive, 11
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Germs cells (conlil.), progeuitors of, 21.

euaniel, 1245
nerve, 679
of tooth, 1245

Germinal cells, 502
of ovary and testis, 15, 17, 21

of spinal medulla, 30
epithelium, 21, 1333, 13:U
layers, 7, 21
vesicle, 14, 22

Giacomini, Imnderella of, 629
Gianuzzi, crescents of, 1132

Gingiva, 11 12

Gin{,'lymus, 301
Ginile, pectoral, 203, 270

pelvic, 228, 273
Glabella, 160, 183, 285

surgical anatomy of, 1358, 1374

Glands or Gland ulie, 1131

acini of, 1133
acino-tubular, 1132
acinous, 1132
alveolar, 1133
alveoli of, 1133
anterior, of tongue, 1130
areolar, 1337
basement membrane of, 1132 "

buccal, 1109
bulbo-urethral, 1304
development of, 1335

ducts of, 1304
surgical anatomy of, 1248

carotid, 1343
ceruminous, 832, 861

cervical, of the uterus, 1315
ciliary, 861
circum-anal, 1230
coccygeal, 1355
compound, 1132
cytogenie, 1131, 1132
digestive, 1106
ductless, 1341
duodenal, 1179, 1186
of Ebner, 855
epithelial, 1131
general structure of, 1133
Haversian, 341

of intestine, 1179
of colon, 1212
of rectum, 1230
of small intestine, 1210

labial, 1109
lacrimal, inferior, 824

superior, 824
surgical anatomy of, 1377

lar\-ngeal, 1072
lingual, 1130

anterior, 1130
lymph, 993
mammary, 1336
molar, 1109

of Moll, 823, 827
mucous, 1131

niidules, lymph aggregate, 1179
olfactory, 804
palatine, 1110
parathyreoid, 1345

parotid, 1133

accessory parotid gland, 1136
deep part of the gland, 1135
duct of, 1136

facial process of, 1133, 1136

Glands or Glandulae, parotid (contiL), imme-
diate relations of, 1137

retro-mandibular process of, 1133
sliape and relations of, 1134

superficial surface, 1134
vessels and nerves of, 1137

praeputial, 1299
prostatic, 1301, 1302, 1307

racemose, 1132

salivary, 1133
structure of, 1140

sebaceous, 861
serous, 1132
sexual, develojmient of, 1333
8haj)e and relations of, 1139

simple, 1132
solid, 1131

solitary, of large intestine, 1181

of small intestine, 1179
structure of, 1132

sublingual, 1138
development of, 1243
surgical anatomy of, 1383

vessels and nerves of, 1140
submaxillary, 1137
development of, 1243

I)Osition and relation of, 1137
surgical anatomy of, 1391

vessels and nerves of, 1138
sudoriferous, 861
sudoriparous, 861

suprarenal, development of, 32, 1343
surgical anatomy of, 1437, 1442

sweat, 861

tarsal, 823
of Moll, 823
surgical anatomy of, 1377

thymus, 1350
thyreoid, 1347

accessory, 1349
of tongue,"ll30
tubular, 1132
urethral, 1309
uterine, 1320
vascular, 1131
vestibular, greater (Bartholini), 1326

surface anatomy of, 1435
lesser, 1326

Glans clitoridis, 1326
penis, 1298, 1336

Gleno-humeral ligament, 322
Glenoid fossa of scapula, 201, 202

fossa of temporal bone, 125, 154
condition of, at birth, 133
surgical anatomy of, 1375

labrum, 320
Glisson (capsula fibrosa), 1198
Globular process, 49
Globus pallidus of lentiform nucleus, 639
Glomerular capsule, 1266
Glomerulus, olfactory, 623

renal, 1269
of sweat glands, 861
Wolffian, 1329

Glomus caroticum, 1343
development of, 1355
structure of, 1343, 1355

coccygeum, 1355
Glosso-epiglottic folds, 1067
Glosso-palatine arch, 1111, 1112

muscle, 467
action of, 467
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Glosso-palatiue muscle (contd.), nerve-supply
of, 467

Glossopharyngeal nerve, 785
nuclei of, 596

Glossopharyngeus muscle, 464
Glottis respiratoria, 1071

development of, 684
spuria, 1070
vera, 1070

pars intermembranacea, 1071
Glutaeus maximus muscle, 415

actions of, 415, 421
nerve-supply of, 415
surface anatomy of, 1455

medius muscle, 416
minimus muscle, 416

actions of, 417, 421
nerve-supply of, 417

Gluteal artery, 942
surgical anatomy of, 1455

cleft, 1455
fold, 1455
lines of ilium, 230
surface of ilium, 230
veins, 984

Gnathic index, 287
Goll, column of, 522, 533
Gonion, 286
Gowers- tract, 535, 536, 546
Gracile funiculus, 547

lobule, 576
nucleus, 547, 559

Gracilis muscle, 411
action of, 411 ' ^
nerve-supply of, 411

Granulationes arachnoideales, 672
Granule cells, 579

layers of retina, 817, 818
Gratiolet's optic radiation, 658
Gray matter, central, of mid-brain, 584

of cerebellum, 576
of cerebral cortex, 644, 645
cerebro-spinal, 36, 512
of spinal medulla, 527-531

development of, 33, 35
of medulla oblongata, 33, 515

of thalamus, 36
Gridiron incision, 1411
Groin, 1405

fasciae of, 402
Groove, of alveolar jarocess, 148

anterior medial, of spinal medulla, 522
antero-lateral, of medulla oblongata, 544
for auditory tube, 136
carotid, of sphenoid, 135
for cerebral sinuses, 182
coronary, of heart, 871

topography of, 1403
costal, 110, 112
for gi-eater superficial petrosal nerve, 130
for inferior petrosal sinus, 128
interosseous, of calcaneus, 259,

of talus, 256
intertubercular, 206
interventricular, 872, 873, 1035
intervertebral, 89
lacrimal, 147

of lacrimal bone, 143, 163
of maxilla, 148, 163

longitudinal, of heart, 871
for meningeal arteries, 117, 119, 126

on frontal bone, 117

Groove for meningeal arteries (contd.), on
parietal, 119

on temporal, 126
mylo-hyoid, 156
development of, 158

naso-pharyngeal, 1143
neural, 23, 24, 31
obturator, 234

abnormality of, 281
for occipital sinus, .183

oesophageal, of liver, 1192
of lung, 1094

olfactory, 140, 141, 179
optic, 135
popliteal, 243
postero-lateral, of medulla oblongata, 544
primitive, 23
pterygo-palatine, of palate, 151

of sphenoid, 138
for radial nerve of humerus, 207
sacral, 97
subclavian. 111

for subclavius, 199
for superior petrosal sinus, 128, 182
for superior sagittal sinus, on cranial vault

117
on frontal, 117

on occipital, 121

on parietal, 119
for transverse sinus, 121

on cerebral hemisphere, 647
on occipital bone, 121-122

on parietal, 119 ,,

on temporal, 128
partial absence of, 278

vertebral, of vertebral column, 100
of thorax, 114

Growth of bones, 86, 87
Gubemaculum dentis, 1247

testis, 1295
Gudden's commissure, 769
Gullet, 1150
Gums, 1112
lymph vessels of, 1005

Gustatory cells, 855
hair, 855
pore, 854

Gyrus or Gyri, 653
angular, 665

topography of, 1360
breves, 654
central, anterior, 665

posterior, 662
of cerebral hemispheres, 653
cinguli, 666
cunei, 662
cuneo-lingualis, anterior, 660

posterior, 660
frontal, inferior, 665
middle, 665
superior, 665
topography of, 1360 ,

of Heschl, 656
lingualis, 660
longi, 654
orbitalis anterior, 666
paracentral (lobule), 665
pararhinal, 658
parasplenialis (area), 665
parietal, inferior (lobule), 664-665

superior (lobule), 664
parieto-occipital (area), 665
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(fyrus or Gyii (contd.), praecuneiis, 662
preceiitral, GOT) :

rectus, 66G
Bupraiiiargiiial, GGf)

toi)of,'ra{iliy of, 1360
tc'iniMiral, iiitVrior, 658

mt'iliiis, Gr)8

l)ara.sj)lcnal, 658
superior, 657
surface anatomy of, 1360
transverse, 656

transitional, deep, of calcarine and parieto-
occipital lissure, 660

of central fissure, 663
of intraparietal, 664

transitivi cereliri, 663

Habenula, commissure of, 615
ganglion of, 614

H;emal lyinjili glands, 095
I hematocele, jiudendal, 1435
lI;ematoma of the scrotum, 1430
Iliemorrhages of the scalp, 1357
Hiemorrhoidal arteries, inferior, 1232

middle, 939
superior, 1232

nerve, inferior, 738
plexus, 766

venous, 985
veins, 984

Haemorrhoids, 1430
Hair, 859
development of, 862
erector muscles of, 861
of foetus, 79
follicle of, 860

l)ulb of, 860
root sheaths of, 860

papilla of, 860
root of, 859
scapus of, 859
shaft, 859

Hair-cells, auditory, 847, 848, 851
of cochlea, 851

Hair-follicles, 860
Hairs, gustatory, 855

olfactory, 805
Hamstring muscles, 418

surgical anatomy of, 1456
Hamulus cochleae, 845

lacrimalis, 143
laminae spiralis, 845
of medial pterygoid lamina, 138, 175

surgical anatomy of, 1385
of OS hamatiim, 221
pterygoideus, 138, 175

Hand, arterial arches of, 923
articulations of, 329
bones of, 217

architecture of, 272
morphology of, 295
ossification of, 223, 226, 227
variations in, 280

fasciae of, 384
movements of, 401
muscles of, 382, 391
surgical anatomy of, 1450

Hartl palate, 174

in frontal section of skull, 189

relation of, to surface, 164

Hare-lip, 1379

Hasner, valve of, 825

Hassall, concentric corpuscles of, 1351

Haustra coli, 1212
Haversian canals, 84

gland of liip-joint, 341
systems, 84

Head, arteries of, 888
bones of, 115

development of, 495
fasciae of, 446
lymph vessels of, 1003

sui)erficial, 1003
mesodermal somites of, 28, 29, 30, 496
movements of, 446
muscles of, 448
development of, 495

nerves of^ 767
j)roces8, 24
segmental characters of, 293, 496
surgical anatomy of, 1357
veins of, 964

Head -cap, of spermatozoon, 17

Heart, 870
abnormalities of, 1050

aortic cusp of, 1050
orifice of, 878, 884

topography of, 1403
valve of, 878
vestibule of, 878

apex of, 872
abnormalities of, 1050

arteries of, 887
atria of, 874, 875
development of, 70
left, 875
right, 873
structure of, 879
topography of, 1403

atrio-ventricular apertures of, 877
auricles of, 874, 875
development of, 1032
left, 875
right, 874
surface anatomy of, 1404, 1405

base of, 871
bulbus cordis of, 70
capacity of, 880
central fibro-cartilage of, 876, 879
chambers of, 873
chordae tendineae of, 877
conus arteriosus of, 876
coronary groove of, 871

topography of, 1403
sinus of, 875, 959

abnormalities of, 1057
development of, 1032
morphologj' of, 1049
opening of, 875

sulcus of, 871
crista terminalis of, 874
development of, 70, 75, 1025, 1031
diaphragmatic surface of, 872
endocardium of, 875, 876, 877, 878

structure of, 879
epicardium of, 879
fibrous rings of, 877, 878, 879
foramen ovale of, 875

persistence of, 1050
foramina venarum minimarum, 874
fossa ovalis of, 874

development of, 1033, 1034
infundibulum of, 876
interauricular septum of, 873

97



1514 INDEX.

Heart, intej-auricular septum of (contd.), ab-

normalities of, 1051

development of, 1032
interventricular septum of, 878

abnormalities of, 1050
development of, 1032

sulcus of, 873
limbus fossa ovalis, 874
lunulfe of valves of, 877
lymph vessels of, 880
margins of, 873
topography of, 1403

mitral orifice of, 878
level of, 1442
topography of, 1405

valve of, 878
moderator band of, 877
musculi papillares of, 877

structure of, 879
pectinati of, 874

myocardium of, 878
nerves of, 880
nodulus valvulse semilunaris, 877

orifices of pulmonary veins in, 875
of venae cavae in, 874, 875

outline of physiology of, 870
pars membranacea septi of, 878

abnormalities of, 1050
primitive, 70
atrium of, 1033
development of, 1026
rudiments of, 65
venous valves of, 1032

pulmonary orifice of, 877
topography of, 1045

valve of, 877
development of, 1032

Purkinj^'s fibres of, 879
relation of, to -wall of thorax, 870, 871, 873
semilunar valves of, 877

development of, 1032

septum primum of atrium, 1033
secundum of atrium, 1033

shape of, 870
sinus venosus of, 1032

development of, 70

size of, 880
sterno-costal surface of, 872

structure of, 878
atrio-ventricular bundle, 879
endocardium, 879
epicardium, 879
fibres of, 879

sulcus, coronary, 871

sulcus terminalis of, 873, 874
developmental significance of, 1032

surface and surgical anatomy of, 1403

Thebesian valve of, 874
development of, 1032

trabeculfe cameae of, 877
transposition of, 1050
tricuspid orifice of, 874, 877

level of, 1442
topography of, 1405

valve of, 877
trigona fibrosa of, 876
truncus aorticus of, 70
tuberculum intervenosum, 875
valvula vense cavse inferioris, 875

development of, 1032
vascular supply of, 880
veins of, 959

Heart, veins of (contd.), morphology of, 1048
ventricles of, 876
development of, 70
structure of, 879

ventricular septum, 876
weight of, 880

Helicine arteries, 1300
Helicotrema, 845
Helix, 827
development of, 53
fossa of, 828
muscles of, 829
spine of, 828
tail of, 829

Helmholtz, ligaments, 841

Hemispheeria bulbi urethree, 1308
Hemispheres, cerebellar, 570

cerebral, 620
Henle, layer of, 860

loop of, 1266
Hensen, cells of, 850, 851

ductus reuniens of, 846
development of, 854

stripe of, 851
Hepatic arterv, 930

cells, 1199
"

duct, 1201
development of, 1254

lobules, 1198
lymph glands, 1020
plexus, 765
veins, 982

Hepato - duodenal ligament, 1162, 1183,

1197
Hepato-gastric ligament, 1162, 1170, 1197

development of, 1255
Hepato-renal ligament, 1197

Heredity, theory of, 19

Hernia, congenital inguinal, 1409
diaphragmatic, 473
direct inguinal, 1408, 1409
femoral, 405
medial, 1409
oblique inguinal, 1408, 1409
surgical anatomy of, 1408, 1459

Heschl's convolution, 656
Hesselbach's triangle, 1235, 1408
Heterodont dentition, 1248
Hiatus aorticus, 472

canalis facialis, 130
condition of, at birth, 133

interosseus, 327
maxillaris, 804
cesophageus, 472
sacralis, 97
semilunaris, 186, 803

surgical anatomy of, 1378
Highmori, corpus, 1288
Hilum of kidney, 1251, 1258, 1437

topography of, 1425, 1437

of lung, 1094
topogra2:)hy of, 1399

of lymph glands, 995
of nucleus dentatus, 510
of olivary nucleus, 556
of ovary, 1311
of spleen, 1352
of suprarenal gland, 1345

Hind-brain, 33, 514
parts derived from, 514

Hind-gut, 38, 48
derivatives of the, 48
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Hinge-joints, 301
Hip-bone, 228
acetabulum of, 228
architecture, 273
connexions of, 234
ilium, 228
morpliologj' of, :i94

nutrient foramina of, 234
obturator foramen of, 228
ojsitication of, 23r>

variations in, 281

llin-joint, 339
disease, abscesses in, 1460
dislocation of, 1460
exposure of front of, 14")9

movements at, 342
nerves to, 723, 724, 728, 729
surgical anatomy of, 14 ')5, 1459
synovial stratum of, 341

Hippocampal commissure, 627
fissure, 626

Hippocampus, 625, 626, 627, 636
connexion of, with fornix, 625

with thalamus, 625
fimbria of, 627
inversus, 629

Hirschsprung's disease, 1423
Histology, 4

Homodont dentition, 1248
Homology, 2

of limb-bones, 294
of limb-girdles, 296
of scapula and ilium, 297
serial, 3

of vertebrae, 283
Homoplasy, 3
Horizontal fissure of cerebellum, 573

development of, 573
Horse-shoe kidney, 1268

Hour-glass stomach, 1172

Housemaid's knee, 1460
Hugiiier, canal of, 125

relation of, to tvmpanum, 834
Humero-femoral index, 289
Humero-iilnar joint, 323
Humerus, 204

anatomical neck of, 205
architecture of, 272
capitulum of, 208
connexions of, 209
coronoid fossa of, 208
deltoid tuberosity of, 207
distal extremity of, 208
epicondyles of, 207
epiphyses of, 209
groove for radial nerve, 207
head of, 205
intertubercular groove of, 206
morphology of, 294
nutrient foramina of, 209
olecranon of, 208
ossification of, 209

sexual differences of, 209

shaft of, 206
surgical anatomy of, 1449
trochlea of, 208

'

tubercles of, 205
variations in, 280

Humour, aqueous, 821

vitreous, 819

Huschke, foramen of, 832

Huxley, layer of, 860

Hyaloid artery, 826
history of, 819

canal, 826
development of, 819

fossa, 819
membrane, 819

Hyaloplasm, 8
Hydra, nervous system in, 497

Hydrocele, 1409
Hydroneplirosis, caused by abnormal Vessels,

1425
Hymen of vagina, 1322, 1325

caruncuhe hymenales of, 1325

development of, 1335

Hyo-epiglottic ligament, 1068
Hyo-glossal membrane, 1129
Hyo-glossus muscle, 462

action of, 463
nerve-supply of, 463

Hyoid arch, 43
muscles derived from, 496

produced from, 496
nerve of, 796

artery, of lingual, 892
of superior thvreoid, 892

l)ar, 43, 159
bone, 158

body of, 158

connexions of, 159
development of, 43, 159

greater comua of, 159

lesser cornua of, 159
movements of, 463
ossification of, 159
surgical anatomy of, 1387

Hyparterial bronchus, 1083, 1097
Hypocartilaginous ring of menibrana tym-

pani, 834
Hypochondrium, 1159
Hypochordal bow, 103

spange, 936
Hypogastric artery, 936

abnormalities of, 1057
umbilical artery of, 939

relation of, to urachus, 939
nerves, 765, 766
plexus, 766
region, 1159
vein, 984
zone, 1158

Hypogastrium, 1158
surgical anatomy of, 1392

Hypoglossal nerve, 793
development of, 34
nucleus of origin of, 594

Hypophyseal artery, 902
fossa, 134, 183, 291

Hy]Jophysis cerebri, 615, 616
arteries of, 902
development of, 34, 49, 616, 684
fossa of, 134, 183, 291
skiagrams of the sella turcica, 1374

infundibulum of, 616
method of exposure, 1374
surgical anatomy of, 1373

H}-pothalamic tegmental region, 613
Hypothalamus, development of, 35

origin of, 517
pars maniillaris, 608, 609

optica, 608, 609
Hypotrochanteric fossa, 281
Hypsicephalic skulls, 286
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Ileal artery, 932
Ileo-csecal artery, 932

fold, 1218
fossa, 1218
glands, 1217
orifice, 1214

valve, 1215
frenula of, 1214
structure of, 1215

topography of, 1421, 1443

vein, 990
Ileo-colic artery, 932

fossa, 1218
veins, 990

Ileo-sigmoidostomy, 1423

Ileum, 1208
diverticulum of, 1210

structure of, 1210

vessels and nerves of, 1210

Iliac arteries, 935
morphology of, 1048

colon, 1222
topography of, 1423

crest, 228, 238
topography of, 1423, 1443

fascia, 1157

fossa, 231
lymph glands, 1017

portion of fascia lata, 403

region, 1159

spine, anterior inferior, 229

anterior superior, 228
surface anatomy of, 1455, 1458

posterior inferior, 229
superior, 229

surface anatomy of, 1455

tuberosity, 230
veins, 983

Iliacus muscle, 410
action of, 411
nerve-supply of, 411

minor, 410
Ilio-capsularis muscle, 410

Ilio-coccygeus muscle, 494

Ilio-costalis cervicis muscle, 440
dorsi, 439
lumborum, 439

Ilio-femoral ligament, 340
Ilio-hypogastric nerve, 720

Ilio-inguinal nerve, 720
Ilio-lumbar artery, 938

abnormalities of, 1057

ligament, 337
inferior, 337

vein, 982
Ilio-pectineal eminence, 233

line, 231
Ilio-psoas muscle, 410

action of, 411

bursa of, 3 U, 410, 1459

nerve-supply of, 411

surgical anatomy of, 1459

Ilio-sacralis muscle, 494

I lio-tibial tract, 404
relation of, to muscles, 416

surgical anatomy of, 1459, 1461

1 lio-trochanteric ligament, 340
Ilium, 228

anterior inferior spine of, 229
superior spine of, 228

arcuate line of, 231

auricular surface of, 230

Ilium (cnntd.), crest of, 228
fossa of, 231
gluteal lines of, 230

surface of, 230
greater sciatic notch of, 229
morphology of, 297
posterior inferior spine of, 229

superior spine of, 229
tuberosity of, 230

Immovable joints, 299, 300
Imperforate anus, 1233
Impressio trigemini, 130
Impression, gastric, of kidney, 1264

hepatic, of kidney, 1264
splenic, of kidney, 1264

Impressiones digitatee, 107

Incisions to evacuate pus in the palm, 1454

Incisive artery, 899
bundle, 451
centre, 150
fossa, 146
pad of palate, 1110

condition of, at birth, 1111

papilla j)alatina, 1110
suture, 149

Incisor crest, 149

foramen, 149, 174
fossa, 155
nerve, 780
teeth, 1115, 1116

eruption of, 1121

Incisura acetabuli, 234
cardiaca, 1095
cerebelli anterior, 574

posterior, 574
clavicularis, 107
ethmoidalis, 116

fibularis, 249
intertragica, 828
ischiadica major, 232

minor, 232
jugularis ossis occipitalis, 122

sterni, 107
mandibulae, 156

mastoidea, 128
nasalis, 115
pancreatis, 1205
parieto-occipitalis, 662
radialis, 211
scapulge, 201
semilunaris, 211
spheno-palatina, 152

supraorbitalis, 116

tentorii, 669
terminalis auris, 829

thyreoidea inferior, 1062

superior, 1062

ulnaris, 216
umbilicalis, 1189
vertebralis, inferior and superior, 89

of cervical vertebrae, 90

of lumbar vertebrae, 95

of thoracic vertebrae, 93

Inclinatio pelvis, 237

Incremental lines in ivory, 1114

Incudo-malleolar joint, 840

Incudo-stapedial joint, 840

Incus, 840
articulations of, 840
development of, 841

ligaments of, 840
movements of, 840
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Incus (contd.)f processus leuticularis of, 840
Index, alveolar, 287

auricular, H-28

cephalic, 286
dental, 287
facial, superior, 28G

total, 287
gnathic, 287
liuiiicro-fenioral, 289
innoniinatc, 288
intL'riuL'iiil)ral, 289
lumbar, 288
nasal, 287
orbital, 287
palato-niaxillary, 287
pelvic, 288
platyknemic, 289
platynieric, 289
radio-humeral, 289
of sacrum, 99, 289
scapula, 288
superior facial, 286
thoracic, 114
tibio-femoral, 289
vertical, of skull, 287

Indices of skulls, 284
Indifferent cells, 36, 503
Indusium griseum, 629
Inferior alveolar canal, 147

gluteal arterv, 942
veins, 984

'

Infra-axillary region, 1397
Infraclavicular lymph glands, 1009

nerves, 703
region, 1397

Infracostal angle, 1397, 1407
plane, 1407, 1411

Infraglenoid tuberosity, 201
Infrahyoid artery, 892

muscles, 459
action of, 460
nerve-supply of, 460

Inframammary region, 1397
Infraorbital artery, 899

canal, 147, 162
relation of, to orbit, 162

variations in, 279
foramen, 146, 162

topography of, 1375
margin, 146
nerve, 777
plexus, 777
suture, 279
vein, 968

Infrapatellar bursa, 345
fat-pad, 348

Infrascapular artery, 917
Infraspinatus muscle, 375

action of, 375
nerve-supply of, 375

Infraspinous fossa, 202
Infrasternal depression, 108

notch, 1397, 1407

region, 1397
Infratemporal crest, 137, 167, 168

fossa, 168
Infratrochlear nerve, 773
Infundibuliform fascia, 475, 483, 1297
Infundibulo-pelvic ligament, 1435

Infundibulum of ethmoid, 141, 186, 803
relation of, to nasal fossie, 185

to orbit, 163

Infundibulum (contd.), of heart, 876
hyiK)thalami, 541, 615
uevelopment of, 616
relation of, to tliird ventricle, 617

of nulmonary lobules, 1098

uevelopment of, 1099
of uterine tube, 1314

Inguinal canal, 1290, 1291

abdominal inguinal ring of, 483
fjiscia of, 483
subcutaneous inguinal ring of, 483
surgical anatomy of, 1408
walls of, 483

fossa, intermediate, 1235
lateral, 1235
medial, 1235

glands, 1013
hernia, surgical anatomy of, 1408, 1409
ligament, 477
region, 1458
rings, abdominal, 481, 483, 1408

position of, 1408
subcutaneous, 477, 1408

Inion, 166, 171, 285
topography of, 1358

Inner cell-mass, 21, 22
Innervation of muscles of limbs, laws of, 749

of skin of the limbs, 750
lower limb, 752
upper limb, 752

Innominate artery, 888
abnormalities of, 1051, 1052
development of, 1028
morphology of, 1047
topography of, 1405

veins, 1405
Inscriptiones tendineae, 482

surface anatomy of, 1407
Insertion of muscles, 364
Inspiration, 474

muscles of, 373
Insula, 654
development of, 655
limen of, 654
opercula of, 655
sulcus centralis of, 654

Integument, 856
corium of, 857
papillie of, 857
structure of, 857

Interarticular ligaments, 302
of costo-transverse joints, 314
of hip-joint, 339
of sterno-costal joints, 316

development of, 304
menisci, 302

of acromio-clavicular joint, 319
function of, 319

of distal radio-ulnar joint, 327
of knee, 347
of mandibular joint, 312
of proximal radioulnar joint, 326

development of, 304
Interatrial septum of heart, 874, 875

abnormalities of, 1051
development of, 1033

sulcus of heart, 871
Intercavernous sinuses, 974
Intercentral articulations, 306
Interchondral joints, 315
Interclavicular ligament, 318

function of, 319



1518 INDEX.

Intercoccygeal joints, 309

lutercolumnar fascia, 477, 483

Intercondylic fossa of femur, 243

of tibia, 247
notch, 243

Intercostal aponeuroses, 470
arteries, 925
lymph glands, 1013
muscles, 470

action of, 474
nerve-supply of, 474

nerves, 713
spaces, 114
veins, 961

Intercosto-brachial nerves, 714

variations in, 716

lutercriu-al fibres, 477

Intercuneiform joiats, 358

Interdigital veins of foot, 954

of hand, 924
Interglobular spaces of ivory, 1123

Interlobar fissures of lung, 1095

Intermaxillary suture, 148, 174

Intermediate visceral arteries, 1043, 1047

cutaneous nerve of thigh, 724

Intermedium, os, 295
Intermetacarpal articulations, 332

movements of, 334

Intermetatarsal articulations, 360

Intermuscular septa of arm, 378

of foot, 423
topography of, 1465

of leg, 422
of thigh, 403

topography of, 1459

Internal capsule, 610, 642

anterior limb of, 642

cerebro-spinal tract in, 642

genu of, 642
lenticulo-caudate fibres of, 642

lenticulo-thalamic fibres of, 642

motor tract of, 642

parts of, 642
posterior limb of, 642

retrolenticular fibres of, 642, 643

sublenticular filjres of, 642

ear, 843
mammary artery, 913

ligature of, 1398

structure of pons, 565

latemasal suture, 145

Interolivary stratum, 556

Interosseous arteries, 922

of dorsal carpal arch of foot, 923

groove of calcaneus, 259

of talus, 256
ligaments, calcaneo-cuboid, 357

carpal, 329
carpo-metacarpal, 332

cuboideo-navicular, 357

cuneo-cuboid, 358
cuneo-metatarsal, 359

intercuneiform, 358
intermetatarsal, 360
talo-calcaneal, 355
tibio-fibular, 350

membrane of forearm, 327

chorda obliqua of, 328
liiatuB interosseus of, 327

of the leg, 350
muscles of foot, 432

action of, 435

Interosseous muscles of foot (contd.), nerve-

supply of, 433-435

of hand, 391
action of, 395
nerve-supply of, 392-395

ridge of fibula, 252
of tibia, 248

veins of hand, 978
Interparietal bone, 124

sulcus, 664
Interpeduncular fossa, 54

1

ganglion, 614
relation of, to fasciculus retroflexus, 614

Interphalangeal joints of foot, 361
movements at, 361

of hand, 334
movements at, 334
position of, 1452
surgical anatomy of, 1452

Interj)leural space, 1089
Interpubic fibro -cartilaginous lamina, 337
Interscapular region, 1436
Intersegmental association fibres of spinal

medulla, 535
vessels, 1043

Intersigmoid fossa, 1223
surgical anatomy of, 1423

Interspinales muscles, 445
Interspinous ligaments, 308
Intertarsal joints, 358

movements at, 361
synovial strata of, 334

Intertransversales muscles, 445
Intertransverse ligaments, 308
Intertrochanteric crest, 243
Intertubercular line, 1411

plane, 1411
Interventricular foramen, 618

sulcus of, 618
foramina, 543, 618, 621

grooves, 872, 873, 1035
septum, 876, 878

abnormalities of, 1050
development of, 1035

sulcus, 872
Intervertebral fibro-cartilages, 306

foramen, 89, 95
groove, 89

Intestinal arteries, 932
lymph trimks, 997
veins, 992, 1210

Intestine, 1178
aggregated lymph nodules of, 1181

agminated glands of, 1181

basement membrane of, 1179

caicum, 1211

circular folds of, 1180, 1209

colon, ascending, 1121

descending, 1211

transverse, 1211

development of, 1250
duodenal glands of, 1179, 1186

epithelium of, 1179
intestinal glands of, 1179, 1212

lamina muscularis mucosa, 1179

large intestine, 1121
appendices epiploica; of, 1211-1212

divisions of, 1211

haustra of, 1212
length of, 1211

nerves of, 1211

plicae semilunares, 1212
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luLcstine, laryu (contd.), structure of, 1212

tifluiuj of, 1211, 1212
topograpliy of, 1419, 1421

veasels of, 1212
left llexure of colon, 1211
leugtli of, 1177
lymph vessels of, 1212

imicous nieinbraue of, 1 179

of anal canal, 1229

of large intestine, 1212

of small intestine, 1210

structure of, 1210
muscular coat of, 1178

of anal canal, 1229

of large intestine, 1212, 1223

of rectum, 1226
of small intestine, 1210

structure of, 1210

pliciB circularea of, 1180
position of coils of, 1178, 1181, 1210, 1212

rectum, 1211

retiform tissue of, 1179

right tlexure of colon, 1211

rotation of loop, 48
serous coat of, 1178

of large, 1212
of small, 1210

small intestine, 1177
coils of, 1208
divisions of, 1177
duodeno-jejunal flexure of, 1182

topography of, 1419

lacteals of, 1210
Meckel's diverticulum of, 1210

mesentery of, 1208
nerves of, 1210
topography of, 1419

vessels of, 1210
solitary lymph nodules of, 1181, 1210, 1212

structure of, 1178
submucous coat of, 1179, 1212, 1213

surgical anatomy of, 1419

tela submucosa of, 1179

tunica mucosa of, 1179
villi of, 1179

Intestinum caecum, 1213

crassum, 1210
ileum, 1208
jejunum, 1208
rectum, 1224
tenue, 1208

mesenteriale, 1178
Intracranial lymph vessels, 1003
lutrajugular process, 122
Intumescentia cervicalis, 519

lumbalis, 519
Inversion of foot, 361

muscles producing, 436

Iris, 813
blood-vessels of, 813

ciliary margin of, 813
circulus arteriosus major, 813

minor, 813
dilator pupillie of, 814
ligamentum pectinatum of, 810
muscular libres of, 814

nerves of, 814
pupil of, 814
pupillary border of, 814

membrane of, 813

sphincter pupillai of, 814

stroma of, 813

Irregular tubules of kidney, 1267

Ischial spine, 232
sexual differences of, 237
topography of, 1455

tuberosity, 232
sexual differences of, 238

topograpliy of, 1455
Ischio-biubosus muscle, 487

Ischio-capsular ligament, 341

Ischio-cavernosus muscle, 488

Ischio-coccygeus muscle, 495
Ischio-pubicus muscle, 488
Ischio-rectal fossa, 1238, 1431

Ischium, 232
acetabulum, notch of, 232
body of, 232
morphology of, 295

rami of, 232
spine of, 232
tuberosity of, 232

Island of Reil, 654, 655
limiting sulcus of, 654
opercula of, 655

Isthmus of acoustic meatus, 830

of auditory tube, 827

of brain, 515
of cartilage of ear, 829

of fauces, 1112
level of, 1442

pharyngo-nasal, 1141, 1145

of pharynx, 1112
rhombencephali, 34

of thyreoid gland, 1347

topography of, 1388

of uterine tube, 1314

Iter chordae anterius, 834

posterius, 834
Ivory, 1113, 1123
development of, 1247
formation of, 1247

structure of, 1123
fibrils, 1123
development of, 1245

papilla, 1244, 1245
sheaths, 1123
development of, 1245

tubes, 1123
development of, 1245

Jacobson, nerve of, 786
vomero-nasal organ of, 802

Jaw, alveoli of, 148, 155
formation of, 1123

Jejunum and ileum, lymph vessels of,

1210
structure of, 1210
surgical anatomy of, 1420
vessels and nerves of, 1210

Joints, 299
development of, 304

abduction, 303
acromio-clavicular, 373

movements at, 319, 373
topography of, 1444

adduction, 303
adipose tissue of, 302
amphiarthrodial, 300, 301

(fevelopment of, 304
ankle, 351

surgical anatomy of, 1463
arthrodial, 301
articular capsules, 302
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Joints, articular capsules (contd.), topography
of, 1464

discs, 302
atlanto-epistroi^lieal, 309
movements at, 311

of auditory ossicles, 840
ball and socket, 301, 303
biaxial, 301
calcaneo-cuboid, 357

ligaments of, 357
surgical anatomy of, 1464
topography of, 1464

calcaneo-taloid, 354
surgical anatomy of, 1464

capsule of, 302
carpal, 329
movements at, 334

carpo-metacarpal, 332
cavity of, 301
circumduction, 303
classification of, 299
of clavicle, 317
co-aptation in, 303
condyloid, 301
costo-central, 313
costo-chondral, 315

topography of, 1398
costo-sternal, 315
costo-transverse, 314
costo-vertebral, 313
crico-arytaenoid, 1066
crico-thyreoid, 1065
cubo-cuneiform, 357
cuneo -navicular, 357
development of, 304
diarthrodial, 301

development of, 304
elbow, 323
enarthrodial, 301
extension, 303
of finger, 334
flexion, 303
of foot, 351

nerves of, 731, 734
gliding, 303
hinge, 304
hip, 339
humero-radial, 323
humero-ulnar, 323
immovable, 299, 300
development of, 304

incudo-malleolar, 840
incudo-stapedial, 840
of inferior extremity, 339
interarticular ligaments, 302
intercari^al, 329
intercentral, 307
interchondral, 315
iutercoccygeal, 309
intercuneiform, 358
intermetacarpal, 332
movements at, 334

intermetatarsal, 360
intemeural, 307
iiiterphalangeal, of foot, 334, 361

movements at, 334, 361
of hand, 334
movements at, 334
topography of, 1452, 1465

interpubic, 337, 338
intertarsal, 354, 358

synovial strata of, 334

Joints (contd.), knee, 342
of larynx, 1065
lumbo-sacral, 335
mandibular, 312
menisci, 302
metacarpo-phalangeal, 333
movements at, 334
surgical anatomy of, 1454
topography of, 1452

metatarso-phalangeal, 360
movements at, 361
surgical anatomy of, 1464, 1465
topography of, 1464, 1465

movable, 300
development of, 304

movements at, 303
multiaxial, 301, 303
occipito-atloid, 309
movements at, 311

of pelvis, 335
pisi-cuneiform, 330
of pisiform bone, 331
radio-carpal, 328

surgical anatomy of, 1450
topography of, 1456

radio-humeral, 323
topography of, 1449

radio-ulnar, distal, 327
proximal, 326

rotation, 303
sacro-coccygeal, 308
sacro-iliac, 335

topography of, 1455
scapulo-clavicular, 318
shoulder, 320
sternal, 315
stemo-clavicular, 317

action of muscles on, 373
movements at, 319, 373
surgical anatomy of, 1444

sterno-costal, 316
structures of, 302
synarthrodial, 301, 303
synovial stratum, 302
talo-calcaneal, 354
topography of, 1464

talo-calcaneo-navicular, 355
movements at, 361

tarsal, transverse, 357
movements at, 361

tarso-metatarsal, 359
movements at, 361
surgical anatomy of, 1464

temporo-mandibular, see Joint, mandibular
of thorax, 313
tibio-fibular, 349

movements at, 350
toe, 361
transverse carpal, 330

tarsal, 357
uniaxial, 301
of upper extremity, 317
varieties of movements in, 303
of vertebral column, 305

with cranium, 310
wrist, movements at, 334
xiphisternal, 316

level of, 1397, 1407, 1442
Juga alveolaria, 155
Jugal i^oint, 286
Jugular foramen, 176, 177, 182

fossa, 177
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Jugular fossa (runtd.), development of, 133

relation of, to jugular foramen, 177

to tynipaiHiMi, 1369
ganglion, .supt-rior, 785
lynii.li trunk, 998
notch, 122

Jugular i)roce88, 122, 172, 177

tuhercL', 122
veins, 9(j()

primitive, 1038, 1039
remains of, in adult, 1038, 1039

Junctional tulniles of kidney, 126(J

Junctura ossium, 299

Karyokineais (mitosis), 9

Karyolyni])li, 8

Karyoplasm, 8

Karyo-reticulum, 8

Keratin, 858
Kerkring, ossicle of, 124

Kidneys, 1257
abnormal vessels, 1425

adipose capsule of, 1259

anterior surface of, 1262

relations, 1262

arciform arteries of, 1267
area cribrosa of, 1265
arteries of, 1267
ascending limb of Henle's loop, 1266

irregular tubule, 1266

base of the pyramids, 1265

calyces, 1268
development of, 1331

capsula adiposa of, 1259
capsule of, 1259
collecting tube, 1266
columns of Bertin of, 1265

connective tissue of, 1266

convoluted part of, 1265
corpuscles of, 1266
cortex of, 1265
descending limb of Henle's loop, 1266

loopof Henle, 1266
development of, 1 331
dimensions of, 1257

duct of, 1268
excretory tube, 1266
exposure of, from behind, 1438

extremities of, 1265
fascia renalis of, 1259
tirst convoluted tubule, 1266
fixation of, 1260
foramina papillaria of, 1265
gastric impression of, 1264
glomeruli of, 1266
hepatic impression of, 1264

hilum of, 1257, 1258, 1425, 1437

topography of, 1437
horse-shoe, 1268
interlobular arteries, 1267
junctional tubule, 1266
lateral border of, 1261

left, 1263
lobes of, 1265

medullary substance of, 1265

nerves of, 1267

oblique incision for exposure of, 1438

papillae of, 1265

papillary part, 1265

paranephric fat of, 1209

pars radiata, 1265

convoluta, 1265

Kidneys (contd.), pelvis of, 1268
perinepliric fat of, 1259

surgical anatomy of, 1425
position of, 1257, 1423
from behind, 1437

posterior relations of, 1260
surface of, 1260

primitive, 1331

l)yranuds of, l:i65

on section, 1265
relations of, 1262

anterior, 1262
left, 1425
posterior, 1260
riglit, 1262, 1425

renal columns, 1265
corpuscles of, 1266
development of, 1333

reniculi, 1265
second convoluted tubule, 1266
sinus renalis, 1257, 1265
skiagraphs of pelvis of, 1426

splenic impression of, 1264
surface impressions of, 1264

surgical anatomy of, 1264
tubules of, 1266
development of, 1333

tunica fibrosa of, 1257

ureter of, 1268
development of, 1331

variations in, 1267
vasa afferentia of, 1267

efiferentia of, 1267
development of, 1331

veins of, 1267
vessels of, 1267

arteriolae rectae, 1267
interlobular arteries, 1267
vasa afterentia, 1267

visceral surface of, 1262
Kink, intestinal, of Arbuthnot Lane, 1423
Knee-joint, 342

alar folds of, 348
articular surfaces of, 342
bursae connected with, 348

surgical anatomy of bursa3, 1460
ligaments of, 344
menisci of, 347

surgical anatomy of, 1460
movements at, 348

muscles producing, 421

nerves of, from common peroneal nerve, 730
from femoral nerve, 724
from obturator nerve, 724
from sciatic nerve, 728, 729
from tibial nerve, 732

surgical anatomy of, 1460
synovial stratum of, 348

surgical anatomy of, 1461
Knuckles, prominences of, 1452
Krause, corpuscles of, 863
end-bulbs of, 864

Kronlein's method for cranio -cerebral topo-

graphy, 1360

Labia majora, 1324
commissures of, 1324
development of, 1336

minora, 1324
oris, 1108

Labial artery, branch of external maxillary
artery, 806
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Labial artery (contd.), brancli of superficial

perineal artery, 1324

glands, 1109

nerves, 1324
veins, 1324

Labio-scrotal folds, 1328

Labium anterius orificii extenii uteri, 1316

externum crista} iliaca;, 228
internum cristas iliacse, 228
oris inferius, 1108

superius, 1108
posterius orificii externi uteri, 1316

Labrum glenoidale of hip joint, 340

Labyrinth of etlimoid, 140
membranous of ear, 846

acoustic nerve in, 852
blood-vessels of, 853
cochlea of, 846
development of, 853
ductus endolymphaticus of, 847

reuniens of, 847
utriculosaccular, 847

endolymph of, 762, 846
hair-cells of crista acustica of, 848

of maculae of, 847
of spiral organ of Corti of, 847

mascula acustica utriculi, 846
otoconia of, 847
perilymph of, 846
recessus utriculi, 846
saccule of, 846
saccus endolymphaticus of, 847
semicircular ducts of, 847

sinuses superior and inferior of, 846

spiral organ of Corti of, 850
utricle of, 846
utricular sinus of, 847

Labyrinth, osseous, of ear, 843
cochlea of, 843
development of, 853
perilymph of, 846
vestibule of, 843

Lacertus fibrosus, 380
Lacrimal apparatus, 824, 1377

ampulla of, 825
surgical anatomy of, 1377

artery, 816
bone, 143, 163

ossification of, 144
relation of, to nasal fossae, 187

to orbit, 163
membranous, 825
development of, 827

caruncle, 821
crest, anterior (maxillae), 148

posterior (of lacrimal), 143
ducts, 825
fossa, 148, 163
gland, 824

inferior, 824
superior, 824
surgical anatomy of, 1377

groove, 143, 163
relation of, to orVjit, 163

of maxilla, 187
nerve, 772
papillae, 821
plica, of Horsner, 825
process, 143
puncta lacrimalia, 825
sac, 825
development of, 49

Lacrimal sac (contd.), surgical anatomy of, 1377
sinus of Arlt, 825
sinus of Maier, 825
valve of Beraud, 825

inferior part, 824
superior part, 824

Lacteals, 1210
Lactiferous ducts, 1338
Lacimae of bone, 84

lateral sagittal, 974
urethral, 1309

Lacus lacrimalis, 821
Lagena cochleae, 849
Lambda, 171, 285

topography of, 1358
Lambdoid suture, 171

topography of, 1360
Lamellae, fundamental, 84

interstitial, 84
osseous, 84

Lamina or Laminae

—

alar, 36, 505
basal, 36, 505
basal, of chorioid, 812
basilar, of chorioid, 811, 812
chorio-capillaris, 811
development of, 608

cribrosa of ethmoid, 139

scleras, 808
of temporal bone, 131

dental, 1245
elastic, anterior, 810

posterior, 810
fibro-cartilaginous, interpubic, 337
fibrosa, 139
fusca, 808
lateralis processus pterygoidei, 137

medialis processus pterygoidei, 137

tubae auditivae, 838
medullary, lateral and medial, of thalamus,

610, 611

of lentiform nucleus, 639
membranacea tubae auditivae, 838
papyracea of ethmoid, 140
perpendicular of ethmoid, 139, 140

quadrigemina, 584
reticularis, 851
septi pellucidi, 632
spiralis ossea, 845

secundaria, 845
suprachorioidea, 811
terminalis, 33, 616
of thyreoid cartilage, 1062

vasculosa of chorioid, 811

vertebral, 88, 90, 91, 93, 95
Landzert, fossa of, 1185
Langhan's layer, 59
Lanugo, 862
Large intestine, 1210
Laryngotomy, 1388
Larynx, 1061

action of intrinsic muscles of, 1076

aperture of, 1068
appendix of ventricle of, 1071

articulations of, 1065
ary-epiglottic folds of, 1068
arytsenoid cartilages, 1064, 1074

apex of, 1064
base of, 1065
oblique muscles of, 1074
processus muscularis of, 1065

vocalis of, 1065
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Larynx, arvtajuoid cailiWes (contd.), .suifaccs

of, 1064
blood-vcsstls (if, <)i I

cartilages of, 10(12

develoj)im-ut of, 1100
ossification of, 1066

cavity of, 10G8
construct ion of, 1062
couus I'la.sticus of, 1066
coniicuIaU; cartilages, 1066

crico-aryta3noiil joints, 106<)

crico-tliyiH'oi<l joints, 1065

cuneiform cartilages, 1065

in deglutition, 1077
development of, 1100

epiglottic cartilage, 1066

epithelium of, 1072
• folds of, 1068
glands of, 1072
glottis, intercartilagiuous part of, 1070

intermembranous part of, 1070

rima vestibuli of, 1070

growth -alterations of, 1077

nyo-thyreoid membrane of, 10G6
interior of, 1068
intrinsic muscles of, 1072
joints of, 1065

larpigoscopical appearance of, 1077
ligaments of, 1066
lowest compartment of, 1071
middle compartment of, 1069
mucous glands of, 1072
membrane of, 1071

muscles of, 1072
nerves of, 788, 789
para intercartilaginea of rima glottidis, 1071

intermenibranacea, 1071
philtrum ventriculi of, 1069
piriform recess of, 1069
position and relations of, 1061

sesamoid cartilage of, 1065
sexual differences in, 1077
tubercle of Santorini of, 1065, 1069
tuberculum epiglotticum of, 1069, 1073
ventricle of, 1071
ventricular folds of, 1070
vessels and nerves of, 1077
vestibule of, 1069
vocal folds of, 1070

mucous membrane of, 1071
relation of, to tliyreo - arytaenoideus

muscle, 1073
topography of, 1387

vocalis muscles of, 1076
Lateral angle, inferior, of sacrum, 99

fissure of the brain, 653
development of, 655

line, sense organs of, 501, 796
mass of atlas, 91

of sacrum, 99
ossification of, 106

part of occi])ital, 113
develoimient of, 293

plantar vessels, position of, 1465
plates, mesodermic, 27

recess of fourth ventricle, 549
ventricles, 632

Latissimus dorsi muscle, 366
action of, 368
nerve-supply of, 368
topograpny of, 1437

Layers of blastoderm, 21

Layers of blastoderm (contd.), germinal, 21

Left colic llexure, 1220
surgical anatomy of, 1422

Leg, development of, 39
fasciie of, 422
intermuscular septa of, 422
lymj)!! vessels of, 1013
muscles of, 424
surgical anatomy of, 1461

Lemniscus, 560
connexion of, with cochlear nuclei, 586

witii geniculate l)ody, 591

with quadrigeminal body, 590
with sujjerior olive, 556

with thalamus, 562, 591

decussation of, 560
interolivary stratum of, 568
lateral, 570, 584, 585, 586, 590, 606

nucleus of, 606
medial, 560, 561, 568, 570, 586, 590, 613
in mid-brain, 568, 570, 585, 590
in pons, 590

Lens, crystalline, 819
axis of, 820
capsule of, 819
cortical substance of, 820
curvatures of, 820
development of, 826
at different ages, 820
epithelium of, 820

history of, 826
equator of, 820
fibres of, 820

history of, 826
laminae of, 820
nucleus of, 820
poles of, 820
radii of, 820
refractive index of, 820
substance of, 820
suspensory ligament of, 819
vascular tunic of, 826
vesicle, 825

Lenticular process of incus, 840
Lenticulo-optic artery, 905
Leuticulo-striate artery, 905
Lentiform nucleus, globus pallidus of, 638,

639
medullary laminae of, 639
putamen of, 639
surfaces of, 638

Leptoprosope skulls, 286
Leptorhine skulls, 287
Lesions of the spinal medulla, 1444
Lesser multangular bone, 220, 295
Levator ani muscle, 493

action of, 495
cushion, 1143
glandulae thyreoideie, 1347
palpebrae superioris muscle, 452

action of, 454
nerve-supply of, 454

prostatas muscle, 494
scapulae muscle, 368

action of, 368
nerve-supply of, 368

veli palatini muscle, 466
action of, 467
nerve-supply of, 467

Levatores costarum muscles, 470
action of, 474
nerve-supply of, 474
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Level of structures in relation to sj^ines • of

vertebrae, 1442

Lien, 1352
accessorius, 1353

artery of, 929
Lieno-renal ligament, 1236

development of, 1252

Ligament or Ligaments, 302
acetabular, transverse, 339
of acromio-clavicular joint, 319

adventitious, 305
alar, 311

of ankle-joint, anterior, 352

lateral, 352
posterior, 352

annular, of ankle (O.T.), 352

of radius, 326
of wrist (O.T.), 1451

surgical anatomy of, 1451

of stapes, 841
anterior costo-transverse, 314

covering atlanto-epistroj)heal, 309

of elbow-joint, 324
radio-ulnar, 327
sterno-clavicular, 318

of apex of dens, 311

arcuate, middle, of diaphragm, 472

arcuate of pubis, 338
arteriosum, 68
atlanto-epistropheal, 309, 310

of atlanto-occipital joint, 310
atlanto-occipital, 310
of atlas, transverse, 310
of auditory ossicles, 841

auriculare anterius, 829
posterius, 829
superius, 829

tesium ossium metacarpalium, 360

metatarsalium, 360
bifurcate, 356, see Ligaments calcaneo-

navicular, calcaneo-cuboid

of Bigelow, 340
of bladder, 1280, 1283, 1303
broad, of uterus, 1238

surgical anatomy of, 1434

calcaneo-cuboid, 357
calcaneo-fibular, 352
calcaneo-metatarsal, 423
calcaneo-navicular, plantar, 355

part of bifurcate, 356
function of, 355

surgical anatomy of, 1464

capituli costse interarticulare, 1242

radiatum, 314
fibula, 350

capitulorum ossium metacarpalium trans-

versa, 333
metatarsalium transversa, 360

carpal, 329
carpo-metacarpal, 332

rlorsal, 332
interosseous, 332
volar, 332

collateral, of metacarpo-phalangeal joints, 333

of patella, 404
colli costae, 315
columnBe vertebralis et cranii, 305
conjugal, of ribs, 314
conoid, 319

function of, 319
tubercle, 198

coraco-acroraial, 320

Ligament or Ligaments (contd.)—
coraco-clavicular, 319
coraco-glenoid, 322
coraco-humeral, 322

relation of, to pectoralis minor muscle, 322
corniculo-pliaryngeal, 1066
coronary, 1195, 1196

of knee, 348
costo-clavicular, 318, 319

relations of, to movements of clavicle, 319
costo-colic, 1220
costo-coracoid, 369
of costo-sternal joints, 316
of costo-transverse joints, 314
costo-vertebral, 313
costo-xipboid, 316
cotyloid, 340
of cranium, 313
crico-arytsenoid, posterior, 1066
crico-tbyreoid, 1067
cruciate of atlas, 311

genu, 346
relation of, to movements at knee, 348

cruciatum anterius (of knee), 346
posterius, 347

cruris, 423
cruciform, of atlas, 31

1

cuboideo-navicular, 357
cuneo-cuboid, 358
cuneo-metatarsal, 359
cuneo-navicular, 357, 358

of apex of, 311
of dens, 92, 311

deltoid, 352
denticulate, 518
of elbow-joint, 323
epiglottic, 1067
falciform, 1196, 1235

development of, 1252
topography of, 1415

fibular collateral, 345
flava, 308
gastro-colic, 1162, 1170, 1242
gastro-lienal, 1162, 1170, 1236, 1240
gastro-phrenic, 1170, 1236
gleno-humeral, 322
glenoid, 322
glosso-epiglottic, 1067

of head of fibula, anterior, 350
posterior, 350

of heads of ribs, 313
hepato-duodenal, 1162, 1183, 1197

hepato-gastric, 1162, 1170, 1197

hepato-renal, 1197

of hip-joint, 339
hyo-epiglottic, 1068
hyo-thyreoid, lateral, 1066

middle, 1066
ilio-femoral, 340
ilio-lumbar, 337
ilio-trochanteric, 340
of incus, 840
inferior transverse scapular, 320
infundibulo-pelvic, 1435

inguinal, 477
rellex (CoUesi), 478

interarticular, 302
development of, 304

of costo-transverse joints, 314

of head of rib, 314
of hip-joint, 339
of sacro-coccygeal joint, 308
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Ligament or Ligament« (rontd.)—
interarticiilar (amlii), of sternal-coflUil joints,

316
intercarpal dorsal, :v.]n

interos.seoii8, 3.'J0

volar, 320
intoreliondral, 317
interclavicular, 31 >s

intercunoiforni, iiitorosseouH, 358
intermetataixal, 3(10

interosseous, of tarpal joints, 329
of carj)o-nK'ta(;ar|)al joints, 332

ciineo-cul)oi(l, '.i'lH

of intertarsal joint"*, 357
of tai-so-nietatarsal joints, 359

of tibio-fibular joint, inferior, 350
intei-spinous, 308
intertransverse, 308
ischio-capsular, 341

relation of, to movements at hip-joint,

312
jugal, 314
of knee-joint, 344, 346

posterior, 345
to})ograpliy of, 1458

laciniatuni, 422

lacunar (Qimbernati), 405, 477
of larynx, 1066

of lateral malleolus, anterior, 351
di8t<al, 351
interosseous, 351
posterior, 351

lateral radio-carpal, 328
latum uteri, 1318
lieno-renal, 1252
development of, 1253

of liver, 1196
longitudinal anterior, of vertebral column,

307
posterior, of vertebral column, 307

long plantar, 357
lumbo-costal, 315
lumbo- sacral, 335
malleolar, 351
of malleus, 841

of mandibular joint, 312
medial ulno-carpal, 328
metacarpo-j)lialangeal, 333
metatarsal transverse, 360
metatarso-i)lialangeal, 360
morphology of, 305
of neck of rib, 315
nuchae, 308
obliquum genu, 345
occipito-opistropheal, 310
orbito-tarsal, 1378
of ossicles of wir, 841
of ovary, 1311
palmar, 328-332

j)ali)ebral, topograi)hy of, 1377
of eyelids, 822

patellar, 345
collateral, 344, 409
relation of, to fascia lata, 344
topography of, 1460

pectinatum of iris, 810
of pelvis, 336

of peritoneum, 1162, 1196

phrenico-colic, 1220, 1242

of pinna, 829
pisi-metacarpal, 328, 331

pisi-unciform, 331

Ligament or Ligaments (contd.)—
plantar, 355, 357

long, 357
popliteal, 342
posterior costo-transverse, 315

costo-slernal, 316
covering atlanto-epistropheal, 310
of ell)()W -joint, 324
radio-ulnar, 327
sterno-clavicular, 318

l)terygo-8pinou8, 313
pul)ic, anterior, 337

arcuate, 338
j»osterior, 337
superior, 337

pubo-capsular, 340
pubo-vesical, lateral, 493

middle, 493
jtulnionale, 1086
of pylorus, 1174
radial collateral carpal, 331
radiate carpal, 330

of head of rib, 314
sterno-costal, 316

radio-carpal, 328
radio-ulnar, 326
round, of liver, 1197

development of, 1255
of uterus, 1319

surgical anatomy of, 1434
sacro-coccygeal, 308
sacro-iliac, anterior, 336

interosseous, 336
long posterior, 336
posterior, 336

short posterior, 336
sacro-spinous, 337
sacro-tuberous, 337

jjrocessus falciformis of, 337
of scapula, 320
of shoulder-joint, 321
spheno-mandibular, 312
development of, 158

spirale cochleae, 849
of stapes, 841
of sterno-clavicular joint, 318

relation of, to movements of clavicle, 319
sterno-costal, 315
stemo-pericardial, 881
stylo-hyoid, 313
development of, 159

stylo-mandibular, 313, 1134
relation of, to parotid fascia, 1134

superficial transverse metacarpal, 384
metatarsal, 423

superior transverse scapular, 320
supraspinous, 308
suspensory, of clitoris, 1326

of fascia bulbi, 807
of lens, 819
of ovary, 1311
of penis, 1299

talo-calcaneal, 354-5
anterior, 354
interosseous, 355
lateral, 354
medial, 355
posterior, 355

talo-fibular, anterior, 352
posterior, 352

talo-navicular, 356
dorsal, 366



1526 INDEX.

Ligament or Ligaments (contd.)—

talo-tibial, 353
tarsal, of eyelids, 822
tarso-meta'tarsal, dorsal, 359

interosseoiis, 359
plantar, 359

temporo-mandibular, 312

teres femoris, 341

relation of, to movements at hip-joint, 342

of liver, 1196

of uterus, 1319
tlijTeo-arytienoid, 1067

tliyreo-epiglottic, 1068

tibio-fibular, 349
tibio-navicular, 353
transverse, of acetabulum, 339

of atlas, 310
cruris, 423
genu, 348
of the heads of the metacarpal bones,

333
humeral, 321
metacarpal, 332

superficial, 384
metatarsal, 390

superficial, 423
pelvis, 493
perineal, 338
scapulae inferius, 320

superius, 320
trapezoid, 319

relation of, to movements of clavicle,

319
triangular, 1196

left, 1196
of tiibercle of rib, 315

of tympanic membrane, 834

ulnar collateral carpal, 331

utero-sacral, 1318
of uterus, 1318

bursa ovarica of, 1318

vaginal, 384
venae cavae sinistrse, 882

venous, of Arantius, 1196

ventricular, of larynx, 1067

of vertebral column, 305

vocal, 1067

volar accessory, 333
Ligamentum carpi dorsale, 383

transversum, 382
denticulatum, 675
gastro-colicum, 1162
gastro-lienale, 1162
hepato-colicum, 1162
hepato-duodenale, 1162

hepato-gastricum, 1162

ovarii proprium, 1312
patella;, 408
pectinatum iridis, 810
suspensorium ovarii, 1312

teres hepatis, 1191

umbilicale medium, 1235, 1274

Limb-girdles, 295
Limb-plexuses, significance of, 753

Limbs,' arteries of, morphology of, 1047

development of, 39, 1031

dorsal axial line of, 751
morphology of, 297
of muscles of, 495
of nerve-plexuses of, 741

nature of, 741
lower borders of primitive, 742

Limbs (contd.), upper borders of primitive,

741
plexuses, composition of, 742

formation of, 680
morphology of, 741

variations in position, 752

post-axial border of, 741, 742

pre-axial border of, 741, 742

segmental relations of, 741

surfaces of, 742

ventral axial line of, 751
Limbus alveolaris mandibulae, 155

maxillae, 148

fossae ovalis, 874
laminae spiralis, 849

Limen insulae, 654
nasi, 802

Limiting sulcus of Reil, 654

Line or Linea, alba, 476
surgical anatomy of, 1409, 1410

ano-cutaneous, 1232

aspera of femiu-, 242
axiUary, 741, 1397

base, of Reid, 1360
of chest, 1397

dorsal axial, of limbs, 751
epicondylic, 207

epiphyseal, 85

gluteal, anterior, 230
inferior, 230
posterior, 230

incremental, 1114
intercondyloid, 243

intermedia cristae iliacae, 228

intertrochanteric, 240
intertubercular, 1411

lateral cerebral, 1360

lateral sense-organs of, 796

mammary, 1397
mid-lateral, of thorax, 1089

mylo-hyoid, 156
of Nelaton, 1455

nuchal, 171

of occipital bone, 121
superior, 121

suprema, 121

obliqua mandibulae, 155
oblique, of tibia, 249

parasternal, 1397

pectinea, 231
pectineal, of femur, 242

of pleural reflection, 1399

popliteal, of tibia, 249
post-central, 1360

of Poupart, 1411

pre-central, 1360
scapular, 1397

of Schreger, 1128
semicircularis, 483
semilunaris, 482

spiral, of femur, 242

splendens, 675
sternal, 1397
subcostal, 1407
temporalis inferior, 118

ossis frontalis, 116

superior, 118
terminalis, of pelvis, 231, 232

relation of, to small pelvis, 232

ventral axial, of limbs, 751
white, of anus, 1232

Lingual artery, 892, 1130
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Lingual artery (confd.), development of, 1028

surgical anatomy <,f, 1382, 1383, 1391,

1393

glands, 1130

f^yriLs, 660
ymph glands, 1130

nerve, 1131

septum, 1 129

tonsil, 1126
surgical aiiatdiiiy ui, I'.iHS

tubercles of teeth, 1117
veins, 965, 1130

surgical anatomy of, 1 382
Lingualis muscle, inferior, 463

superior, 463
Lingula cerebelli, 575

mandibulae, 156
sphenoidalis, 134

Linin, 8

Lip, rhombic, 554
Lips, 1108

commissures of, 1108
development of, 1244
frenulum of, 1108
glands of, 1109

surgical anatomy of, 1379

lymph vessels of, 1005

mucous membrane of, 1109

nerves of, 1109
philtrum of, 1108
structure of, 1109
sulcus mento-labialis of, 1 108

naso-labial of, 1108

surgical anatomy of, 1379

tubercle of, 1109, 1379
vessels of the, 1109

Liquor foUiculi, 1313
Lisfranc, ligament of, 1464

Lisfranc's amputation, 1464
joint, 1465

Lister's incision for excision of wrist, 1451

Liver, 1187
areolar coat of, 1198

arteries of, 1120
bile-ducts of, 1201

interlobular, 1201

capsule of Glisson of, 1 190

cardiac depression of, 1190

caudate lobe of, 1192

cells of, 1199
in child, 1195
colic impression of, 1194

congenital irregularities in, 1195

coronary ligament of, 1195, 1196

development of, 47, 1254

duodenal impression of, 1194

excretory ducts of, 1201

development of, 1255

falciform ligament of, 1196

development of, 1252, 1255
topography of, 1415

fibrous coat of, 1198

fissures of, 1191

fixation of, 1195

form of, 1187

variations in, 1194

fossa ductus venosi, 1191

of gall-bladder, 1191, 1192

for ligamentum teres hepatis, 1191

sagittalis sinistra of. 1189

of umbiliciil vein, 1191

of venjecavfe, 1191, U92

Liver (contd), fossa vesicae felleae, 1191

gall-blad<ler, 1201

f^astric, impression of, 1193
lepatic duct of, 1201
impressio colica, 1194

(iuo<ienaliH, 1194
gastrica, 1193
(Ksophagea, 1189, 1192

renal is, 1194
sujirarenalis, 1192

incisura umbiiicalis, 1189

vesicte felleoe, 1189
inferior margin of, 1189

surface of, 1193
interlobular ducts of, 1200

left sagittal fissure of, 1191

ligaments of, 1196

lobes of, 1191

left, 1191

right, 1191

topography of, 1415

lobules of, 1198

lobus caudatus, 1191, 1192

quadratus, 1191, 1192, 1193

lymph vessels of, 1201

margin, inferior, 1189

posterior, 1189
nerves of, 1201

notch of gall-bladder of, 1191, 1192

oesophageal groove of, 1192

omental tul^erosity of, 1193

parietal surface of, 1188
peritoneal relations of, 1195

physical characters of, 1187

pons hepatis of, 1191

porta hepatis, 1190, 1196

portal canals of, 1200
position of, 1194

variations in, 1194

posterior surface of, 1192

processus caudatus, 1191, 1192

quadrate lobe of, 1193, 1194

relation to peritoneum, 1195

renal impression of, 1194

Riedel's lobe of, 1195

roimd ligament of, 1196

development of, 1191

serous coat of, 1196
shape of, 1188
size of, 1188

variations in, 1194

and weight of, 1188
structure of, 1198
suprarenal impression of, 1192

surface markings, 1194, 1415

surgical anatomy from the back, 1439

tuberculum papillare of, 1192

tuber omentale of, 1193
umbilical fis.sure of, 1191

notch of, 1191

uncovered area of, 1192, 1196

variations in form and position, 1194

veins of, 980, 990
central, 1198, 1200
interlobular, 1199, 1200
sublobular, 1198, 1200

vessels of, 1199
visceral surface of, 1193
weight of, 1188

Lobe or Lobus, anterior of hypophysis, 616
azygoe of lung, 1096
caudate, of liver, 1192
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Lobe or Lobus (contd.), centralis cerebelli, 575
cerebellar, 575
cerebral, 654
culiiiinis cerebelli, 575
declivis of cerebellum, 575
frontal, of brain, 665
he.patis, 1191
insula?, 654
of lung, 1095
development of, 1101

mammc^, 1337
noduli of cerebellum, 572, 576
occipital, of brain, 660

topography of, 1360
olfactory, of brain, 624

development of, 624
relation of, to anterior commissure, 626

parietal, of brain, 662
piriform, 624
posterior, of hypophysis, 616
of prostate gland, 1306
pyramidal, of thyreoid gland, 1347

development of, 1348
pyramidis of cerebellum, 576
quadrate, of liver, 1193
of Riedel, 1195
temporal, of brain, 656

topography of, 1360
of testis, 1288
of thyreoid gland, 1347
tuberis vermis of cerebellum, 575
uvulae of cerebellum, 576

Lobule of auricle, 828
biventral, of cerebellum, 575
central, of cerebellum, 575
epididymidis, 1289
inferior parietal, 665
of lung, 1095
mammae, 1337
paracentral, 664, 666
parietal, inferior, 664

superior, 664
posterior superior, of cerebellum, 675
postero-inferior, of cerebellum, 575
quadrate, of liver, 1193, 1194

Locomotion, 436
Locus coeruleus, 551
Long bones, 82, 83, 84
Longissimus capitis muscle, 440

cervicis muscle, 440
dorsi muscle, 440

Longitudinal bundle, medial, 562, 570, 586, 588
connexions of, with lower visual centres,

589
in medulla oblongata, 562
in mesencephalon, 562, 570, 588
in pons, 570
relation of, to abducens nerve, 588, 589

to oculo-motor and trochlear nuclei, 588
Longitudinal fissure of brain, 621

development of, 621
Longus capitis muscle, 468

colli muscle, 468
Loop of Henle, 1266

subclavian, 759
Lower extremity, surgical anatomy of, 1455
Lumbar aponeurosis, 437

arteries, 933
abnormalities of, 1053
development of, 1029
morphology of, 1045

of aorta, 933

Lumbar arteries (contd.), of ilio-lumbar, 938
ganglia, 761, 762
lymph glands, 102

trunk, 997
nerves, 719

posterior rami of first three, 690
of fourth and fifth, 691

plexus, 719
branches of, 720
muscular branches of, 720
position and constitution, 719

puncture, 1443
region, 1411, 1425, 1437
rib, 104, 277, 284
sympathetic, 761
veins, 982
vertebrae, 95

Lumbo-costal ligament, 315
Lumbo-dorsal fascia, 437
Lumbo-sacral joint, 335

ligament, 335
plexus, 718

communications with sympathetic, 719
lumbar part of, 719
pudendal part of, 719
sacral part of, 719

trunk, 727
Lumbricales muscles of foot, 430

action of, 430
nerve-supply of, 430

of hand, 389
action of, 389
nerve-supply of, 389

Lung, 1091
air-cells of, 1101, 1099

development of, 1101'

alveolar ducts of, 1101

anterior border, surface markings of, 1398
margin of, 1095

apex of, 1092, 1398
level of, 1398
topography of, 1398

atria, 1099
development of, 1101

azygos lobe of, 1096
sulcus of, 1095

blood-vessels of, 1099
bronchial tubes of, 1097
bronchioles of, 1099
cardiac lobe of, 1098

notch of, 1095
costal surface of, 1094
development of, 1101
diaphragmatic surface of, 1093
fissures of, 1095
topography of, 1398

foetal, 1092
form of, 1092
hilum of, 1064

relations of, 1094
incisura cardiaca of, 1096

interlobaris of, 1095
variations of, 1096

inferior l)order, surface markings of, 1398
lobe of, 1095

ligamentum pulmonale of, 1086, 1087
lobes of, 1095
lobules of, 1098
lymph vessels of, 1096
mediastinal surface of, 1094
middle lobe of, 1096
nerves of, 791
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Lung (contd.), oblique ti.ssuif, surface in,'likings

of, 1398
plirenico-coHtal sinus of, 1093
root of, 1U96

constituent parts uf, 109(J

level of, 1403
relations of, 1090
topography of, 1403

structure of, 1098
sulcus suhclavius of, 1093
suj)erior lobe of, 1095
surgical anatomy of, 1398
units, 1098

variations in, 1096
Lungs and pleune, suigical anatomy of,' 1398
Lunula unguis, 859
LunuUe valvularum semilunariuni, 877
Lymph, 993

capillaries, 994
channels, perivascular, 994
oonls, 995
corpuscles, 993
development of Ivmpli vascular system, 1043
duct, right, 993, 998

abnormalities of, 1059
follicles, 906
glands, 993

of alxlomen, 1015, 1019
alxlominal wall, 1015
aggregated, 1181

ano-rectal, 1015
anterior auricular, 998

surgical anatomy of, 1376
appendicular, 1020
auricular, 1020

posterior, 998
axillary, 1008

anterior, 1008
posterior, 1008
surgical anatomy of, 1446

biliary, 1020
blood-vessels of, 995
brachial, 1007
bronchial, 1012
broncho-pulmonary, 1012
buccinator, 999
of caecum, 1020
cervical, anterior, 1000

deep, inferior, 1001, 1003
superior, 1002

inferior lateral, 1392
medial, 1392

superficial, 1000
superior anterior, 1392

lateral, 1392
surgical anatomy of, 1392

circumflex iliac, 1015
cceliac, 1019
colic, 1021

of colon, 1021
epicolic, 1021
paracolic, 1021

suprapancreatic, middle, 1021

common iliac, 1017

cubital, 1006
deep, 1006
superficial, 1006

delto-pectoral, 1009
diaphragmatic, 1011, 1013, 1014

of digastric triangle, 1000

epigastric, inferior, 1015

superior, 1015

Lymph glands (rontd.), extenial iliac, 1017
facial, deep, 998

superficial, 999
femoral, 1013

surgicjil anatomy of, 1459
follicles of, 995
gastric, 1019

left, 1019
right, 1019

anterior, left, 1019
biliary glands, 1020
inferiores, 1020
left para-cardial, 1019

supra-pancreatic, 1020
posterior para-cardial, 1019

gastro-epiloic, 1020
I)ara-cardial, 1019
supra -jjancreatic, 1020

sub-pyloric glands, 1020
superiores, 1019

gastro-epiploic, left, 1020
right, 1020

gluteal, 1017
luemal, 995
of head, 998
hepatic, 1020
hypogastric, 1017
ileo-cascal, 1020
ileo-colic, anterior, 1028

posterior, 1020
iliac, common, 1017

external, 1017
of the inferior extremity, 1013
infra-clavicular, 1009
infra -orbital, 998
infra-umbilical, 1015
inguinal, 1013

surgical anatomy of, 1459
intercostal, 1010, 1013
inter-iliac, 1017
interpectoral, 1009
intertracheo-bronchial, 1012
lateral aortic, 1012

axillary, 1008
lingual, 999, 1130
of lower limb, 1013
lumbar, 1021
of the mamma, 1008, 1009
mediastinal, anterior, 1011

posterior, 1012
mesenteric, 1020
mesocolic, 1021
of the neck, 1000
nodules of spleen, 1353
obturator, 1017
occipital, 998
para-aortic, 1021
para-cardial, 1019

left, 1019
posterioi', 1019
right, 1019

jjai-a-mandibular, 1000
])ara-tracheal, 1001

I)ara-uterine, 1016
I)arotid, 998
pectoral axillary, 1008

surgical anatomy of, 1446
of pelvis, 1015
pharyngeal, 1000

lateral, 1000
median, 1000
surgiGil anatomy of, 1385

98
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Lymph glands (contd.), popliteal, 1014
surgical anatomy of, 1458

posterior auricular, 998
mediastinal, 1012

of posterior triangle, 1394
pre-aortic, 1021
pre-laryngeal, 1001
pre -tracheal, 1001
pubic, 1015
pubo-gluteal, 1017
pulmonary, 1012
rectal, 1016, 1017
retro-peritoneal, 1427
sacral, 1016
sinuses of, 995
sternal, 1010
structure of, 994, 995
sub-aortic, 1017
sub- clavicular, 1009
sub-inguinal deep, 1014

distal group, 1014
proximal group, 1012
superficial, 1013

sub-maxillary, 1000
surgical anatomy of, 1391

sub-mental, 1000
surgical anatomy of, 1391

sub-pectoral group of axillary, 1009
sub-pyloric, 1020
sub-scapular, 1008

surgical anatomy of, 1447
sub-sternomastoid, 1002
of the superior extremity, 100.6, 1009
superior haemorrhoidal, 1016
supra-clavicular, 1003
svipra-hyoid, 1002

surgical anatomy of, 1392
supra-mandibular, 999
supra -pancreatic, 1020

left, 1020
right, 1020

supra-umbilical, 1015
of thorax, 1013
trabeculae of, 995
tracheo-bronchial, 1012
umbilical, 1015
of upper limb, 1006
visceral, of abdomen and pelvis, 1015

of thorax, 1010
nodules, aggregated, 1181

solitary, 1181
spaces, 994

perivascular, 995
trunk, of brain, 1003

broncho-mediastinal, 998
common lumbar, 998
descending, 997
intestinal, 997
jugular, 998
lumbar, 997
retro-aortic, 998
riglit jugular, 998

subclavian, 998
vessels, 993

of abdomen, 1017, 1022
of abdominal viscera, 1822

wall, 1015
abnormalities of, 1059
of anterior wall of abdomen, 1015
of anus, 1019
of arm, 1006
of blood-vessels, 870

Lymph vessels (contd.), of bones, 87
of breast, 1010
of buttock, 1014
capillary, 1042
central, of hand, 1009
cerebral, 1003
of cheeks, 1005
deep, 1015
of ductus deferens, 1018
of ear, 1004
endothelium of, 994
of external acoustic meatus, 1004

genitals, 1015
extra-cranial, 1003
of eyeball, 1004
of eyelids and conjunctiva, 1004
follicles, 995
of foot, 1014, 1015
of forearm, 1009
of gums, 1005
of hand, 1009
of head and neck, 1003, 1004,

of heart, 880
of inferior extremity, 1014
intra-cranial, 1003
of larynx, 1006
lateral aortic, 1024
of leg, 1014
of lips, 1005
of lower limb, 1014
of lung, 1013
meningeal, 1003
of middle ear, 1004
of nasal muco-periosteum, 1005
of the nose, 1004
of ovaries, 1018
of pelvic viscera, 1017
of pharynx, 1006
of pleura, 1013
pre-aortic, 1024
of prostate, 1018
of rectum, 1018
of rectum and anus, 1233
of salivary glands, 1006
of scalp, 1003
superficial, 1014

of head, 1003
of teeth, 1005
of testis, 1018
of thigh, 1014
of thorax, 1010
of the thyreoid gland, 1006
of tongue, 1005

surgical anatomy of, 1382

of trachea.and oesophagus, 1006
tunica externa of, 994

interna of, 994
media of, 994

of upper limb, 1009
of ureter, 1018
of urethra, female, 1018

male, 1017
of urinary bladder, 1018
of uterine tube, 1018
of uterus, 1018

lower part, 1018
of vagina, 1018
valves of, 994
vasa afferentia, 993

efferentia, 993
of vesicles, seminal, 1018
visceral, of abdomen and j^elvis, 1017, 1022
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Lymph vessela (contd.), walls of, 994 ;

Lyiiinli-vascular aystcni, 093
aevelopmeiit of, 1042

Macewcn's operations for knock-knc^e, 14G1

Macroiloiit skulls, 288
Macula acustica sacculi, 847

utriculi, 8-16

cribrona inferior, 844
media, 843
superior, 843

flava of vocal fold, 1070
lutea, 815

structure of, 817
Maculfe, structure of, 847
Macular artery, 818
Maier, sinus of, 825
Male pronucleus, 20
Malleolar arteries, 957

of anterior tibial, 956
of posterior til>ial, 953

Malleolus, lateral, 253
topography of, 1463

medial, 249
topography of, 1463

Malleus, 839
articulations of, 840
development of, 841
ligaments of, 841
movements of, 842
surgical anatomy of, 1368

Mamillary bodies, 541, 615
development of, 608

line, 1397
process of vertebrie, 96

ossification of, 104
Mamma, 1336
development of, 1339
lymph vessels of, 1010

Mamnue accessoriie, 1338
Mammary gland, 1336

aJveoli of, 1337
ampulla; of lactiferous ducts, 1338
areola of, 1337
areolar glands of, 1337
development of, 1339
lactiferous ducts of, 1338
lobes of, 1337
lymph vessels of, 1338
nerves of, 1339
papilla or nipple of, 1337
sinus of lactiferous ducts, 1338
stroma of, 1337
structure of, 1337
supernumerary, 1338
surgical anatomy of, 1446
variations in, 1338
vessels of, 1338

line, 1397
lymph glands, 1008
region, 1397
veins, 977

Mandible, 154
alveoli of, 156

angle of, 155
architecture of, 271

base of, 155

body of, 155
capitulum of, 156

condition at birth, 158

coronoid process of, 156

differences in, due to age, 158

Mandible (contd.), movements of, 313
neck of, 156
ossification of, 157
ramus of, 156
surgical anatomy of, 1392
variations in, 279

Mandibular arch, 43
muscles derived from, 496

canal, 156
foramen, 156
nerve, 778

coui-se and branches, 778
notch, 156
veins, 993

Mantle-layer of neural tube, 502
Manubrium mallei, 841

stern i, 107
Margin, falciform of fossa ovalis, 404

infraorbital, 146
liljer of ovary, 1311
pupillary, 813
supraorbital, 115

Marginal artery of heart, 887
layer of neural tube, 502
veins of heart, 959

Marrow, 83
gelatinous, 83
red, 83
yellow, 83

Marrow -eel Is, 83
Marshall, oblique vein of, 872, 960

vestigial fold of, 872, 882
Massa lateralis of atlas, 91

development of, 608
intermedia of brain, 617

Masseter muscle, 454
action of, 458
nerve-supply of, 457

Masseteric artery, 899
boi-der of zygomatic bone, 153
fascia, 447, 454
nerve, 779
vein, 965

Mastication, muscles of, 457
actions of, 457
nerve-supply of, 457

Mastoid cells, 836
surgical anatomy of, 1370

angle of parietal bone, 120
artery, 895
border-cells, 1370
canal, 129
foramen, 128

fossa, 1369
process, 128
development of, 1370
growth of, 1370
ossification of, 133
relation of, to transvei'se process, of atlas,

178
sexual differences in, 193
surgical anatomy of, 1370

Matrix unguis, 859
Maturation of ovum, 15
Maxilla?, 146

anterior surfaces of, 146
antrum of, 149, 186, 804, 1378
architecture of, 271
body of, 146
conchal crests of, 148
connexions of, 149
infra-temporal surfaces of, 147
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Maxillae (contd.), nasal surfaces of, 147

orbital surfaces of, 147

ossification of, 149

processes of, 148
relation of, to nasal fossae, 183

to infra-temporal fossa, 168

to orbit, 162

tuberosity of, 148
variations in, 279

Maxillary antrum, see Maxillary Sinus

arteries, 898

lymi)li glands, internal, 998
nerve, 775
process, 49, 50, 76, 149

of inferior concha, 143
of palate bone, 151

sinus, 149
development of, 150
ossification of, 149

relation of, to nasal fossae, 148, 149, 162,

185, 186, 188
to orbit, 162

skiagraphs of, 1379
surgical anatomy of, 1379

vein, internal, 968
morphology of, 1048

Maximum occipital point, 285
Measurements and indices in anthropology,

284
humero-femoral index, 289

intermembral index, 289

of limb bones, 289
platyknemic index, 289
platymeric index, 289
radio-humeral index, 289
of skuUs, 285
tibio-femoral index, 289

Meatus, acoustic external, 830
bony j)art, 830
cartilaginous part, 830
ceruminous glands of, 832
condition in infancy of, 831
development of, 52, 831

diameters of, 830
foramen of Huschke of, 832
isthmus of, 830
lymph vessels of, 832
nerves of, 832
structure of, 831
surgical anatomy of, 1365
variations in and absence of, 27$
vascular and nervous supply of, 832

acoustic internal, 135, 845
absence of, 278
area of facial nerve, 846

vestibularis inferior, 846
crista transversa, 846
foramen singulare, 846
fossula inferior, 846

superior, 846
fundus of, 845
superior vestibular area, 846
tractiis spinalis foraminosus, 8J6

of nose, atrium of, 803
inferior, 804

bony, 185, 188
surgical anatomy of, 1378

middle, 803
bony, 185, 188
surgical anatomy of, 1378

superior, 803
bony, 185, 188

Meatus (contd.), urinarius, 1284, 1308
Mechanism of foot, 361

of pelvis, 338
Meckel, band of, 841

cartilage of, 157, 841
diverticulum of, 1420
ganglion of, 777, 778

development of, 796
Medial longitudinal bundle of brain, 558, 562,

568, 570, 588
plantar artery, position of, 1465

Median artery, 834
abnormalities of, 1056
morphology of, 1048

nerve, 705
surgical anatomy of, at elbow, 1450

in forearm, 1454
in upper arm, 1447, 1448

jjlane, 4
veins, 980

position of, in forearm, 1454
surgical anatomy of, 1450

Median basilic vein, 980
surgical anatomy of, 1450

Median cephalic vein, 980
abnormalities of, 1058
surgical anatomy of, 1450

Mediastinal arteries, of aorta, 925
of internal mammary, 913

lymph glands, 1011, 1012
pleura, 1085, 1086, 1401, 1402

space, 1089
veins, 961, 963

Mediastinum, 1089
thoracis, 1089

dorsal, 1090
boundaries of, 1090
centres of, 1090

middle, 1090
superior, 1089
ventral, 1090

boundaries of, 1090

Medulla, of bone, 83
of kidney, 1265

Medulla oblongata, 543
ala cinerea of, 551
anterior area of, 545

fasciculus proprius of, 545, 558
relation of, to medial longitudinal

bundle, 558
antero-lateral furrow of, 544

antero-median groove of, 543
areas of, 545, 547

arcuate fibres of, 556
anterior external, 563, 548
external, 548
internal, 560
posterior external, 563

area acustica, 551

development of, 554
anterior, 545
lateral, 545
posterior, 547
postrema, 551

vestibularis, 551

association fibres of, 564

calamus scriptorius of, 550
central canal of, 564
chorioidal plexuses of fourtli ventricle, 552

clava of, 547
closed part of, 544
corpus ponto-bulbare of, 548
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Medulla oblongata (cuntd.), cimeate tubercle of,

547
(lecusKation of the pyramiils, r»45

(leveloimiont of, 33, rji.O, 536
ciniiu'iitia intMlialis, .'j.'jl

extt'iiial annate libres, 548
fasciculus olivaiis pyraiiiidis, 548

fissures of, 543
foramen ciecuiu of, 544
fossa rli()nil)oi(lea of, 544
fovea inferior of, 550

development of, 554

funiculus cuneatus of, 55t), 547
gracilis of, 559, 547
separans, 551

gray matter of, 33, 515
internal structure of, 551

lateral area of, 545
funiculus of, 564
recess of, 552
somatic column of, 551

lemniscus fibres of, 561
locus cccruleus, 551
medial longitudinal bundle in, 558, 5G2

somatic colunni of, 551

nuclei of, 551, 555, 559
oliva of, 546
olivary eminence of, 546
olivo-cerebellar fibres of, 556
open part of, 544
origin of nerves from, 481
j)osition and connexions of, 564
posterior area of, 547
postero-lateral furrow of, 544
postero-median fissure of, 544
pyramidal (cerebrospinal) tract in, 545

decussation of, 545
development of, 533

pyramids of, 545
raphe of, 554, 561
development of, 554

restiform body of, 547, 562
sections of, 555, 563
spino-cerebellar tract of, 564

relation of, to restiform body, 563
striae medullares of, 550
substantia reticularis of, 564

development of, 551
sulcus lateralis anterior of, 544

posterior of, 544
tractus solitariiis of, 597

development of, 593
trigonum, hypoglossi of, 551

development of, 554
vagi, 551
development of, 554

tuberculum cinereum of, 547
veins of, 972
white matter of, 557, 560, 562

Medulla ossiuni, 83
tlava, 83
rubra, 83

Medullary arteries, 87

cavity, 83
centre of cerebral hemisphere, 644

corona radiata, of, 644

folds, 23, 74

groove, 23
lamina, lateral, of lentiform nucleus, 639

of thalamus, 611

medial, of lentiform nucleus, 639

of thalamus, 611

Medullary rays, 1265
sheath, 508, 532
velum, 549

Megacephalic skulls, 284
Megadont skulls, 288
Megalocolon, 1423
Megasenie skulls, 287
Me issuer, corpuscles of, 865
Melanin, 858
Meml)rana atlanto-occipitalis anterior, 310

posterior, 310
basilaris cochlete, 845, 849, 850

substantia projiria of, 850
vas spirale of, 850
zona arcuata of, 850

pectinata of, 850
hyaloidea, 819
hyothyreoidea, 1066
interossea antibrachii, 327

cruris, 350
limitans retinaj externa, 818

interna, 817
obturatoria, 338
pupillaris, 813
development of, 826

sterni, 316, 317
tectoria, 311

of organ of Corti, 851
tympaui, 834

annulus fibro-cartilagineus of, 834
appearance of, on examination,

1367
blood-vessels of, 835
dendritic fibres of, 835
development of, 52

examination of, 1367
folds of, 835
lymph vessels of, 836
malleolar folds of, 835
membrana propria of, 835
nerves of, 836
otoscopic ajjpearances of, 835
paracentesis of, 1368
pars flaccida of, 835

teusa of, 835
stratum circulare of, 835
cutaneum of, 835
mucosum of, 835
radiatum of, 835

surgical anatomy of, 1367
triangular cone of, 835
umbo of, 835

secundaria, 833
vestibularis, 833

Membranoa decidute, 57
Membrane, anal, 42

anterior occipito-atloid, 310
bones, 85, 292
of brain, develoi)ment of, 37
l)Ucco-pharyngeal, 39, 41, 42
chorionic, 53
cloacal, 39, 42, 48
costo-coracoid, 369

relation of, to axillary artery, 915
fenestrated, 868
foetal, 53, 62
hyoglossal, 1129
hyothyreoid, 1066

surgical anatomy of, 1387
interosseous, of forearm, 327

of leg, 350
of Nasmyth, 1122
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Membrane (contd.), nictitating, 821

nnclear, 8, 9

obturator, 338
periosteal, 83
posterior occipito-atloid, 310

of Reissner, 849
of Shrapnell, 835

surgical anatomy of, 1367

Membranes, foetal, 53
of spinal medulla, 669, 675

Membranous cranium, 292
labyrinth, 846
urethra, 1304, 1307

surgical anatomy of, 1427

vertebral column, 29, 102

Meningeal arteries, 902

lymph vessels, 1003
veins, 970

Meninges of brain, 667

Meniscus, 302, see also Articular Disc

development of, 304
interarticular, 302
of knee-joint, 347

surgical anatomy of, 1460, 1461

Mental artery, 899
foramen, 155

topograj^hy of, 1375

nerve, 780
protuberance, 155

spines, 156
tubercles, 155

Mentalis muscle, 451
action of, 454

Merkel, philtrum ventriculi of, 1069

Mesaticephalic skulls, 285

Mesencephalic root of trigeminal nerve, 601

Mesencephalon, 33, 514, 516, 542, 581

development of, 33, 34, 592

internal structure of, 584
lamina quadrigemina of, 684
nerve cells of, 584

fibres of, 588
stratum griseum centrale of, 584

Mesenteric arteries, inferior, 932

superior, 931, 1205

ganglion, superior, 765
lymph glands, 1020
plexus, inferior, 932

superior, 766
veins, 992

Mesenterico-mesocolic fold, 1185
Mesenteriolum jirocessus vermiformis, 1216

Mesentery, 1163
development of, 1252

dorsal, 1252
folds of, 1163
of intestine, 1208

contents of, 1208
folds of, 1208
root of, 1208
structure of, 1252
surgical anatomy of, 1426

primitive, 1254
of testis, 1295
ventral, 1255
of vermiform process, 1216

Mesocephalic skulls, 284
Mesocolic glands, 1021
Mesocolon ascendens, 1219

descendens, 1220
development of, 1253, 1254
iliac, 1222

Mesocolon {contd.), pelvic, 1223
sigmoid, 1223
transverse, 1206, 1220, 1242

attachment of, 1206

topography of, 1422
Mesoderm, 23, 24, 25, 28, 30

cephalic, 30
ecto-mesoderm, 21, 25

lateral plates of, 30
paraxial, 27, 28
primary, 21

secondary, 23
differentiation of, 25

somatic, 27
somites of, 27
sj)lanchnic, 27

structures formed from, 30

Mesodont skulls, 288
Mesoduodenum, 1185

Mesogastrium, 1252
Mesognathous skulls, 287
Mesometriixm, 1318
Mesonephros, 1327
Mesorchium, 1295

Mesorectum, 1223
Mesorhine skulls, 287
Mesosalpinx of uterine tubes, 1314, 1318

Mesoseme skulls, 287
Mesotympanum, 1368
Mesovarium, 1312, 1318

Mesuranic skulls, 287

Metacarpal arteries, 920, 923

bones, 223
architecture of, 272
fifth, 226
first, 224
fourth, 226
ossification of, 226
second, 225
shafts of, 223
surgical anatomy of, 1454
third, 225
variations in, 280

ligament, superficial transverse, 333

tubercle, 1451
Metacarpo-phalangeal joints, 333

topograjjhy of, 1454
Metacarj)us, 223
Metaphase, 10

Metatarsal artery, 955, 958

bones, 265
architecture, 275
fifth, 267
first, 266
fourth, 267
ossification of, 267

second, 266
third, 267
variations in, 282

ligaments, transverse, 360

superficial, 423
Metatarso-phalangeal joints, 360

movements at, 361

position of, 1465
surgical anatomy of, 1464, 1465

Metatarsus, 265
Mctatlialamus, development of, 35, 608

Motencei^halon, 33, 515

early changes in, 515

Metopic skulls, 172

suture, 118
Metrio-cephalic skulls, 286
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Meyiifit, <lfcus.sitiini of', 591

Microce|)liulic skulls, ^84
Miciodoiit skulls, 288
Microsoine skulls, 287
Mid-hmiii, 3:{, 581

aquieductus ceicljri of, 581, 584
development of, 592

bracliium coiijunctiviiin in, 587
central gray matter of, 584
cereljro-pontine fibres ot", 691

corpora quadrigemina of, 582, 58fJ

deep origin of nerves from, 591

development of, 592
fasciculus retrortexus of, 591

fountain decussation of, 589, 591

frenulum veli of, 582
development of, 592

ganglion interpedunculare of, 591

lamina quadrigemina of, 584
lateral sulcus of, 584
lemniscus fibres of, 590
medial longitudinal bundle of, 5G8, 570,

588
nuclei of, 582, 584, 588
oculo-motor sulcus of, 584
pedunculi cerebri, 583
pyramidal fibres of, 591

situation and connexions of, 581
stratum griseum centrale of, 584

intermedium of, 584
substantia nigra of, 584

in hypothalamic region, 584, 614
tegmentiuu of, 586
veins of, 971

Mid-clavicular line, 1367
Mid -gut, 48

derivatives of the, 47
relation of, to Meckel's diverticulum, 1210,

1250
structures derived from, 47

Mid-sternal line, 1357
Middle -ear, 832
Migrations of nerve-cells, 554
Milk-teeth, 1121

eruption of, 1113
surgical anatomy of, 1381

Mitochondria, 8

Mitochondrial sheath, 18

Mitosis, 9
heterotype, 11

homotype, 9

Mitral area, 1405
cells, 623
orifice, 876, 878
valve, 878

cusps of, 878
level of, 1442
topography of, 1405

Moderator band, 877

Modiolus, 844

Molar artery, 899
glands, li09

teeth, 1117
development and eruption of, 1244, 1246

deciduous dentition of, 1121

Molecular layers of retina, 816, 817

Moll, glands of, 823,827
Mons veneris, 1324

Montgomery, glands of, 1337

Monticulus, 574

Morgagni, appendices vesiculosi of, 1316

columns of, 1230

Morgagni, columns of (contd.), surgical anatomy
of, 1431

Morphology, 2
of aorta, 1047
of aortic arches, 1047
of ai)pendicular skeleton, 294
of arteries, 1042
of cerebral nerves, 795
of cervical i)lexus, 700
of descending aorta, 1047
of head-muscles, 496
of ligaments, 305
of limb-girdles, 296
of limb-muscles, 495
of limb-plexuses, 741
of limbs, 294
of posterior rami of spinal nerves, 691
of primitive streak, 26
of pudendal plexus, 748
of scapula, 203
of segmental arteries, 1044
of skeletal muscles, 495
of skuU, 293
of sympathetic system, 795
of tarsus, 295
of teeth, 1248
of vascular system, 1043
of veins, 1048

Morula, 21

Moss-fibres, 581

Motor area of the brain, 663
topography of, 1360

for face, 1361

for lower extremity, 1361

for upper extremity, 1361

Mouth, 1106
angle of the, 1108
aperture of, 1106
buccal glands of, 1 109

cavity of, 1106
proper, 1107

corpus adiposum of, 1109
development of, 1242
floor of, 1107

labial glands of, 1109
molar glands of, 1109
mucous membrane of, 1111

muscles of, 450
plica sublingualis of, 1 108
primitive, 41
roof of, 1107, 1110
sublingual caruncle of, 1 108

region of, 1108
vestibule of, 1106

Movable joints, 300
kidney, 1425

Movements at ankle-joint, 353, 436
at at Ianto-occipital joints, 311
of auditory ossicles, 842
at carpo-metaccirpal joint of thumb, 332
at clavicular joints, 319
at elbow -joint, 325
of fingers, 401
of head, 446, 464
of the hip-joint, 342, 421
of hyoid bone, 464
at the joints of the foot, 361
of the joints of the hand, 334
in leaping, 437
in locomotion, 436
of lower limb, 436
of pelvis, 446
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Movemeutti (contd.), of radio-carpal joint, 329
of radius on ulna, 328
in respiration, 474
in running, 437
of shoulder girdle, 464
at shoulder-joint, 323, 377
in swallowing, 467
of thumb, 401
of thyreoid cartilage, 464
of the toes, 436
of tongue, 464
of vertebral column, 309
in walking, 436

Mucous glands, 1131
Miillerian duct, 1328

development of, 1330
Multifidus spinas muscle, 442

action of, 444
nerve-supply of, 444

Multitubercular teeth, 1248
Muscle or Muscles ; Musculus or ]Musculi,

363
of abdominal wall, 474

actions of, 484
nerve-supply of, 484

abductor digiti quinti (of hand), 393, 433
action of, 393
nerve-supply of, 393, 433

(of foot), 433
action of, 433
nerve-supjDly of, 433

hallucis, 432, 434
action of, 434
nerve-supply of, 434
oblique head of, 434
surgical anatomy of, 1465
transverse head, 434

pollicis brevis, 392
action of, 392
nerve-supply of, 392

pollicis longus, 399
actions of, 400
nerve-supply of, 400

adductor brevis, 412
action of, 412
nerve-sujiply of, 412

hallucis, caput obliquum, 434
action of, 434
nerve-supply of, 434

caput transversum, 434
action of, 434
ner\'e-supply of, 434

longus, 411
action of, 412
nerve-sujjply of, 412
surgical anatomy of, 1459

magnus, 412
action of, 413
nerve-supply of, 413
relations, 413
surgical anatomy of, 1461

minimus, 413
pollicis, caput obliquum, 393

action of, 393
nerve-supply of, 393

caput transversum, 393
action of, 393
nerve-supply of, 393

agitator caudae, 415
anconjjeus, 398

action of, 398
nerve-supply of, 398

Muscle or Muscles (contd.)—
of ankle-joint, 353, 436
antitragicus, 829
apijendicidar, 365
of arm, 378
arrectores pilorum, 861
articularis genu, 408
aryepiglotticus, 1074

action of, 1076
nerve-sujjply of, 1077

arytaenoideus obliquus, 1074
transversus, 1074

auricularis anterior, 449
l^osterior, 449
suj^erior, 449

nerve-supply of, 449
axial, 365, 437
axillary arches, 371
of back, 438

superficial, 365
biceps brachii, 380

action of, 381
nerve-supply of, 381
surgical anatomy of, 1450

femoris, 418
action of, 420
nerve-sujaply of, 420
surgical anatomy of, 1460

biventer cervicis, 442
brachialis, 381

action of, 381
nerve-supply of, 381

brachio-radialis, 396
action of, 396
nerve-supply of, 396
topography of, 1454

buccinator, 451
action of, 452
nerve-supply of, 452

bucco-pharyngeus, 464
actions of, in female, 488

in male, 488
nerve-supply of, 488

bulbo-cavemosus (female), 487
(male), 487

of buttock, 414
actions of, 415
nerve-supi)lies of, 41

5

caninus, 451
action of, 462
nerve-supply of, 452

cerato-j^haryngeus, 464
cervicalis ascendens, 440

action of, 442
nerve-supjjly of, 442

chondro-epitrochlearis, 371
chondro-glossus, 462
chondro-pharyngeus, 464
ciliaris, 813
cleido-mastoid, 458
cleido-occijn talis, 458
coccygeus, 495

actions, 495
nerve-supply, 495

compressor Ijulbi, 487
hemispheriorum bulbi, 487
naris, 450
urethraj membranacete, 488

constrictor pharjmgis inferior, 465
development of, 496
nerve-supply of, 465

medius, 464
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Muscle or Muscles (contd.)—
const rii;lor, nudius (conttl.), action i)t", 467

(levelopnu-nt of, 49(5

nerve-supply of, 465
superior, 404

action of, 4G4
develoj)nient of, 4!>G

nerve-.supi)ly i)f, 4G5
coraco-hrachialis, 378

action of, 380
morphology, 379
nerve-supply of, 380
surgical anatomy of, 144G, 1447
topography of, 1293, 1295

coraco-brachialis superior, 332
corrugator cutis ani, 486, 1229

supercilii, 450
action of, 487
nerve-supply of, 487

costo-cofticoiaeus, 371
creniaster, 480
crico-arytajuoidei, 1072, 1074

action of, 1072, 1074
crico-pharyngeus, 465
crico-thyreoideus, 1075

action of, 1076
nerve-sup2)ly of, 1077

dartos, 485
deltoideus, 373

action of, 374
nerve-supply of, 374
relations of, 374
topography of, 374

depressor alte nasi, 450
development of, 495
diaphragm, 471
digastric, 461 _

action of, 458
development of, 496
nerve-supply of, 461

dilatator pupilke, 814
dilator naris, 450

tubae, 838
dorso-epitrochlearis, 370
with double nerve-sujjply, 750
of ear, extrinsic, 449

intrinsic, 829
epicranius, 448

action of, 449
nerve-supply of, 449

epitrochleo-anconeus, 398
erector clitoridis, 488

penis, 488
extensor carpi radialis brevis, 396

action of, 396
nerve-supply of, 396

longus, 396
action of, 396
nerve-su2)ply of, 396

ul naris, 398
action of, 398
nerve-supply of, 398

digiti quinti proprius, 398
action of, 398
nerve-supply, 398

digitorum brevis, 426
action of, 426
nerve-supply of, 426
topography of, 1465

digitorum communis, 397
action of, 397
nerve-supply of, 397

Muscle or Muscles (contd.)—
extensor digitorum longus, 425

action of, 425
nerve-supply of, 425
toi)ography of, 1465

hallucis longus, 426
acti(m of, 426
additional slips of, 426
nerve-supply of, 426
topograjihy of, 1465

indicia pro])rius, 400
action of, 400
nerve-supply of, 400

action, 375
nerve-supply, 400

I^ollicis brevis, 400, 426
action of, 400
nerve-supply of, 400

pollicis longus, 400
action of, 400
nerve-supply of, 40r)

quinti digiti proprius, 398
extrinsic, 462
of eye, action of, 454

nerve-sujjply of, 454
of eyeball, morphology of, 4 ")2

of eyelids, 450
action of, 452
nerve-supply of, 452

of face, 450
develoiiment of, 496

facial, actions of, 451
nerve-supply of, 457

fasciculi of muscles, 363
flexor carpi radialis, 385

action of, 386
bursa of, 386
nerve-supply of, 386
topography of, 1452

ulnaris, 386
action of, 387
nerve-supply of, 387

caudse, 494
digiti quinti brevis of hand, 394, 435

of foot, action of, 394, 435
nerve-supply of, 394, 435

digitorum brevis, 433
action of, 433
nerve-supply of, 433

communis, 397
action of, 397
nerve-supply, 397

longus, 430
action of, 430
nerve-supply of, 430

profundus, 388
action of, 389
nerve-supply of, 389

sublimis, 388
action of, 388
nerve-supply of, 388

hallucis brevis, 434
action of, 434
nerve-supply of, 434

longus, 431
action of, 431
nerve-sujiply of, 431

pollicis brevis, 393
action of, 393
nerve-supply of, 393

longus, 390
action of, 390



1538 INDEX.

Muscle or Muscles {contd.)—

flexor pollicis longus {contd.), nerve-supply

of, 390
of foot, 424, 430, 432, 435

actions of, 435, 436
nerve-supply of, 435, 436
surgical anatomy of, 1463, 1464

of forearm, 382
deep, 388, 398
dorsal, 395
superficial, 385, 395

on front of leg and dorsum of foot, 424

frontalis, 448
actions, 449
nerve-supply, 449

gastrocnemius, 428
action of, 429
nerve-supply of, 429
topography of, 1462, 1463

gemellus inferior, 418
action of, 418
nerve-supply of, 418

superior, 418
action of, 418
nerve-supply of, 418

genio-glossus, 462
action of, 463
nerve -supi:)ly of, 463
surgical anatomy of, 1383

genio-hyoid, 461
action of, 462
nerve-supply of, 462

glosso-palatinus, 463, 467
action of, 467
nerve-supply of, 467

glosso-pliarjTigeus, 464
glutseus maximus, 415

action of, 415
nerve-supply of, 415
topography of, 1455

medius, 416
action of, 416
nerve-supply of, 416

minimus, 416
action of, 417
nerve-supply of, 417

gracilis, 411
action of, 411
nerve-supply of, 411

hamstring, 418
topography of, 1456

of hand, 391
short, 382

of head, 448
of heart, 878
helicis major, 829

minor, 829
hyo-glossus, 462

action of, 463
nerve-supply of, 463

of hyoid bone, 459
iliacus, 410

action of, 411
nerve-sujjply of, 411

minor, 410
ilio-capsularis, 410
ilio-coccygeus, 494
ilio-costalis, 439

cervicis, 440
dorsi, 439
lumborum, 439

ilio-psoas, 409

Muscle or Muscles {contd.)—
ilio-psoas {contd.), action of, 411

bursa of, 1459
nerve-supply of, 411

surgical anatomy of, 1459
ilio-sacralis, 494
infracostal, 470
infrahyoid, 459

action of, 460
nerve-supply of, 460

infraspinatus, 375
action of, 375
nerve-supply of, 375

insertion of, 364
intercostal, external, 470

action of, 474
nerve-supply of, 474

internal, 470
action of, 474
nerve-supply of, 474

interosseous, of foot, 435
action of, 435
nerve-supply of, 435

dorsal, of hand, 395
volar, 394

action of, 395
nerve-supply of, 395

interspinal, 445
intertransverse, 445
intrinsic, of tongue, 463
ischio-bulbosus, 487
ischio-cavemosus, 488

female, 488
male, 488

actions of, 488
nerve-supply of, 488

ischio-coccygeus, 494
ischio-pubicus, 488
laryngeal, 1072

on lateral side of leg, 426
latissimus dorsi, 366

action of, 368
nerve-supply of, 368
surgical anatomy of, 1437

levator ani, 490, 493, 1229, 1232

actions, 495
nerve-supply, 494

glandulse thyreoidese, 460
palpebrse superioris, 452

action of, 453
nerve-supply of, 453

scapulae, 368
action of, 368
nerve-supply of, 368

veli i^alatini, 466
action of, 467
nerve-supply of, 467

levatores costarum, 470
action of, 474
nerve-siipply of, 474

of limbs, development of, 41

lingualis inferior, 462, 463
superior, 463

of little finger, 393
longissimus capitis, 440

action of, 442
nerve-supply of, 442

cervicis, 440
dorsi, 440

longus capitis, 468
colli, 468

action of, 468
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Muricle or Muscles (contd.)—
loiiyus colli (ciintd), nerve-supply, 468

lunibricak's, 389, 43<J

of foot, 430
action of, 430
nerve-supply of, 430

<.f hand, 389
action of, 389
nerve -sup]»ly of, 389

niasseter, 454
action of, 458
nerve-supply of, 457

of mastication, 454, 457
action of, 457
nerve-supply of, 457

mentalis, 451

action of, 452
nerve-supply of, 452

niorphologj' of, 495
of mouth, 450
of Miiller, 454
multitidus (spina;), 442

action of, 444
nerve-supply of, 444

mylo-hyoid, 461
action of, 463
nerve-supply of, 461

mylo-pharjaigeus, 464
of neck, 458
of nose, 450

actions of, 452
nerve-supply of, 452

obliquus abdominis externus, 476
action of, 484
nerve-supply of, 484

intemus, 487
action of, 484
nerve-supply of, 484

auriculae, 830
capitis inferior, 444

action of, 444
nerve-supply of, 444

superior, 444
action of, 444
nerve-supply of, 444

inferior (of eye), 453
superior (of eye), 453

obturator externus, 413
action of, 414
nerve-supply of, 414

intemus, 418
action of, 418
nerve-supply of, 418

occipitalis, 448
omohyoid, 459

action of, 460
nerve-supply of, 460
surgical anatomy of, 1391, 1394

opponena digiti quinti, 393
action of, 394
nerve-supply of, 394

opponens pollicis, 392
action of, 393
nerve-supply of, 393

orbicularis oculi, 450
action of, 452
ciliary bundle of, 450
lacrimal part of, 450
nerve-supply of, 452
orbital part of, 450
palpebral part of, 450

orbicularis oris, 450, 1100

Muscle or Muscles (contd.)—
orliicularis oris (contd.), action of, 452

inferior incisive bundle of, 451
naso-labial band of, 450
nerve-suj)ply of, 452
superior incisive bundle of, 451

of orbit, 452
action of, 454
development of, 496
nerve-supply of, 454

orbi talis, 454
origin of, 364
palmaris brevis, 382

longus, 386
action of, 386
nerve-supply of, 386

papillares (of heart), 877, 878
structure of, 879

pectinati, 874
pectineus, 411

action of, 411
nerve-supply of, 411

of pectoral region, 369
pectoralis major, 369

action of, 370
nerve-supply of, 370
topogmpliy of, 1446

minimus, 371

minor, 371
action of, 371
nerve-supply of, 371

of pelvis, 493
of perineum, 486
peronaeo-calcaneus, 431

externus, 427
peronseo-cuboideus, 427
peronseus accessorius, 427

brevis, 427
action of, 427
additional slii)s of, 427
nerve-supply of, 427
topography of, 1462

of tendon of, 1464, 1465
digiti quinti, 427
longus, 426

action of, 427
nerve-supply, 427
topography of, 1462

of tendon of, 1464, 1465
tertius, 425

action of, 426
nerve-supply of, 426
topography of, 1465

peroneal, 427
pharyngo-palatinus, 465

action of, 467
nerve-supply of, 467

of pharpix, 464
action of, 467
development of, 496
nerve-supply of, 467

of pinna, 449, 829
piriformis, 417

action of, 418
nerve-supi)ly of, 417

plantaris, 429
action of, 429
nerve-supply of, 429

platysma, 448
action of, 448
development of, 496
nerve-supply of, 448
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Muscle or Muscles (confd.)—
popliteus, 429

action of, 429
nerve -suiJj^b' '^^y "^^^

minor, 429
on posterior aspect of leg, 428

procerus, 450
action of, 452

pronator quadratus, 390
action of, 391

nerve-supi:)ly of, 391

pronator teres, 385
action of, 385
nerve-supply of, 385

psoas major, 410
action of, 411

nerve-supply of, 410

surgical anatomy of, 1459

psoas minor, 410
action of, 411

nerve-supply of, 410

l^terygoideus exterijiLS, 455

action of, 457
nerve-supply of, 457

internus, 457
action of, 457
nerve-supply of, 457

pterygo-pliaryngeus, 464

pubo-cavernosus, 488
pubo-coccygeus, 494
pubo-rectalis, 494
pubo-vesicalis, 1283
pyramidalis abdominis, 481

quadratus femoris, 418
action of, 418
nerve-supply of, 418

quadratus labii inferioris, 451

action of, 452
nerve-supply of, 452

quadratus labii superioris, 451

caput angulare, 451
infra-orbitale, 451

zygomaticum, 451

quadratus lumborum, 485

actions of, 485
nerve-supply, 485
surgical anatomy of, 1437

quadratus plantae, 431

action of, 431
nerve-supply of, 431

quadriceps femoris, 406
action of, 409
nerve-supply of, 409

recti (of eye), 453
recto-coccygeus, 1229
recto-urethralis, 1229

recto-uterinus, 1238, 1318
recto-vesicalis, 12H3

rectus abdominis, 481

capitis anterior, 468
action, 468
nerve-supply, 468

lateralis, 445, 470
action of, 445, 470
nerve-supply of, 445, 470

posterior major, 444
actions, 444
nerve-supply, 444

posterior minor, 444
actions, 445
nerve-supply, 445

rectus femoris, 407

Muscle or Muscles {contd.)—
rectus femoris {contd.), action of, 409

nerve-supply of, 409
rectus inferior of eyeball, 453

action of, 454
nerve-supply of, 454

rectus lateralis of eyeball, 453
action of, 454
nerve-suppl)^ of, 454

rectus medialis of eyeball, 453
action of, 454
nerve-supply of, 454

rectus superior of eyeball, 453
action of, 454
nerve-supply of, 454

of respiration, 470, 474
action of, 474
nerve-supply of, 474

rhomboid, action, 369
nerve-supply, 369

rliomboideus major, 368
action of, 369
nerve-supply of, 369

rliomboideus minor, 368
action of, 369
nerve-supj)ly of, 369

of Riolan, 823
risorius, 451

action of, 452
nerve-supply of, 452

rotatores (dorsi), 445
action of, 445
nerve-supply of, 445

sacro-spinalis, 439
salpingo-pliaryngeus, 465

nerve-supply of, 465
relation of, to salpingo-pharyngeal fold, 838

sartorius, 406
action of, 406
nerve-supply of, 406
topography of, 1459

scalenus anterior, 467
action of, 468
nerve-supply of, 468

medius, 467
action of, 468
nerve-supply of, 468

posterior, 467
action of, 468
nerve-supply of, 468

of scalp, 448
action of, 449
nerve-supi^ly of, 449

semimembranosus, 420
action of, 421

nerve -supi^ly of, 421

topograpliy of, 1458
semispinalis capitis, 442

actions of, 442
nerve-sujiply of, 442

cervicis, 442
action of, 444
nerve-supply of, 444

dorsi, 442
semitendinosus, 419

action of, 420
nerve-supply of, 420
topography of, 1450

sejiti, 450
serratus anterior, 372

action of, 372
insertion, 372
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Muscle or Muscles (contd.)—
serratus antorioi- (contd.), lUTve-supiily of,

372
topograi>hy of, 1446

serratus posterior inferior, 435)

action of, 439
nerve-sujiply of, 439

serratus posterior superior, 438

action of, 439
nerve-supply of, 439

of shoulder, 373
skeletal, 363
perimysium externum of, 363

internum of, 363

of soft palate, 466
actions, 467
development of, 496
nerve-supplv uf, 467

of sole of foot, 432, 434

sole us, 429
action of, 429

nerve-sui>ply of, 429

topography of, 1461, 1462

sphincter ani externum, 486, 1232

action of, 1232
nerve-supplv of, 1233

internus, 1229^, 1232
pupillte, 814
pylori, 1166, 1174

recti, 1229
urethrte, in female, 489

actions, 489
nerve-supply, 489

sphincter urethrae menibrauaceoe, 488

sphincter vaginse, 487

sphincter vesicae, 1284

spinalis dorsi, 442

spleuius capitis, 439

action of, 439
nerve-supply, 430

splenius cervicis, 439
action of, 439
nerve-supply of, 439

stapedius, 841

stemalis, 370
nerve-supply, 370

stemo-clavicularis, 372
stemo-cleido-mastoideus, 372, 458

action of, 458
nerve-supply of, 458

stemo-hyoideus, 459
action of, 460
nerve-supply of, 460

sterno-mastoid, action of, 458
nerve-supply of, 458
surgical anatomy of, 1390

stemo-thyreoideus, 459
action of, 460
nerve-supply of, 460

stylo-auricularis, 830
stylo-glossus, 463

action of, 463
nerve-supply of, 463

stylo-hyoiaeus, 461

action of, 462
development of, 496
nerve-supply of, 461

stylo-pharjnigeus, 465

action of, 467
development of, 496
nerve-supply of, 465

subanconseus, 382

Muscle or Muscles (contd.)—
sul)claviua, 371

action of, 371
insertion, 371

nerve-supi)ly of, 371

subcostal, 470
action <if, 474
nerve-sujiply of, 474

subscapularis, 377
actions, 377
nerve-supply of, 377

minor, 377
supinator, 398

action of, 399
nerve-supply of, 399

supra-hyoid, 460
action of, 462
nerve-supply of, 457, 461

supraspinatus, 375
action of, 375
nerve-supply of, 375

suspensory, of the duodenum, 11S7

temporalis, 455
action of, 458
nerve-supply of, 457

tensor fascite latae, 415
action of, 416
nerve-supply of, 416
topography, of, 1459

suralis, 419
tai-si, 450

action of, 452
nerve-supply of, 452

tympani, 841
surgical anatomy of, 1368

veli palatini, 466
relation of, to auditory tube, 838

surgical anatomy of, 1385

teres major, 376
action of, 377
nerve-supply of, 377
relations of, 377

minor, 375
action of, 376

nerve-suj^ijly of, 376

thigh, on anterior aspect of, 405

ot medial side of, 411

actions of, 411, 414
nerve-supplies of, 411, 414

on posterior aspect of, 418

thoracis, 470
actions of, 474
nerve-supplies of, 474

of thumb, 392, 393
actions of, 392, 393
nerve-supplies of, 392, 393

thyreo-aryta?noideus, 1073 "^

action of, 1076

^ nerve-supply of, 1077

thyreo-epiglotticus, 1075

thyreo-hyoideus, 460
action of, 460
nerve-supply of, 460

thyreo-pharyngeus, 465

tibialis anterior, 424

action of, 424
nerve-supply of, 424

topograjdiy of tendon, 1465

tibialis posterior, 431

action of, 431

nerve-supply of, 431

topograpiiy, 1465



1542 INDEX.

"Muscle or Muscles (contd.)—
tibio-fascialis anterior, 424
of tongue, 462

action of, 463
arrangement of, 462
development of, 496
morphology of, 496
nerve-supply of, 463
surgical anatomy of, 1382

tracliealis, 1081

tragicus, 829
transverse, of tongue, 463
transversus abdominis, 480

auriculfe, 830
perinei profundus, 488

superticialis, 487
actions of, 487
nerve-supply, 487

thoracis, 470
action of, 474
nerve-supply of, 474

vaginae, 489
trapezius, 365

action of, 366
nerve-supply of, 366
topography of, 1437

triangularis oris, 451

triceps brachii, 381
actions of, 382
insertion, 381
nerve-supply of, 382
origin, 381
topography of, 1437

surse, 428
of tympanic cavity, 841

of upper limb, 365
uvulse, 466

nerve-supply of, 467

vastus intermedins, 408
action of, 409
nerve-supply of, 409

vastus lateralis, 407
action of, 409
nerve-supply of, 409

topography of, 1459

vastus medialis, 408
action of, 409
nerve-supply of, 409
topography of, 1459

verticalis linguae, 463
vocalis, 1076
zygomaticus, 451

action of, 452
nerve-supply of, 452

Mascle-celis, 363
Muscle-plate, 30
Muscular process of aryttenoid cartilage, 1065,

1074
of vertebrae, 95, 96

system, 363
triangle of neck, 1387

Musculo-cutaneous nerve, of arm, 704
Musculo-phrenic artery, 913

vein, 963
Myelencephalon, 575
development of, 33

Myelin, 508
MyelinLsation of nerves, 533
Myelospongium, 503
Mylohyoid artery, 899

groove, 156
muscle, 461

Mylohyoid muscle (contd.), action of, 463
nerve-supply of, 461

nerve, 780
ridge, 156

Myocardium, 878
Myoccele, 29
Myology, 363
Myotomes, 495

cephalic, 496
cervical, 796
number of, 496

Myrtiform fossa, 146

Naboth, ovules of, 1320
Nail, 858
bed of, 859
development of, 41, 862
eponychium, 859 •

in foetus, 78
lunula of, 859
matrix of, 859
papillae of, 859
vallum of, 859
wall, 859

Nasal aperture, anterior, 163
arteries, 899, 900
bone, 145

ossification of, 145

relation of, to nasal aperture, 164

to nasal fossae, 184
cartilages, 800

greater alar, 800
lateral, 800
lesser alar, 800
of septum, 800

processus sphenoidalis of, 801

vomero-nasal, 801

cavity, 801
agger nasi of, 803
atrium of, 803
basal cells of, 805
blood-vessels of, 805, 806
Bowman's glands of, 804
bulla ethmoidalis of, 803
cavernous tissue of, 806
development of, 50
epithelium of, 804, 805

ironto-nasal duct of, 804
hiatus semilunaris of, 803
inferior meatus of, 804

surgical anatomy,of, 1378
infundibulum of, 803

lateral wall of, 802
limen of, 802
lymph vessels of, 806, 1004

middle meatus of, 803
surgical anatomy of, 1378

nerve-supply of, 805
olfactory cells of, 804

cleft of, 803
part of, 802, 803
mucous membrane of, 805

organ of Jacobson of, 802

orifices in, 801, 802, 803
ostium maxillare, 804
recessus naso-palatinus of, 802

spheno-ethmoidalis of, 802

respiratory part of, 802, 803
miicous membrane of, 804

sensory nerves of, 805
superior meatus of, 803
supporting cells of, 804
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Nasal cavity (contd.), vestiVjulc of, ^02

crest, 802
relation of, to nasal septum, 186

index, 287, 799

laminae, 50
muco-periosteuni, 1005

notch, of frontal lione, 115

of maxilla, 146, 147

])art of frontal bone, 117

of the pharnyx, 1141, 1142

(leveloi)me'nt of, 1248

fossa of Rosennuiller of, 1144

oritice of amlitory tube, 1143

surgical anatomy of, 1883

tonsil of, 1145

pit, 798
septum, 802

bony, 175, 185

development of, 40
spine, anterior, 146, 149, 164

topography of, 1374

of frontal bone, 116

posterior, 151, 174

veins, 968
Nasion, 285
Nasmyth, nieml)raue of, 1122

Naso-facial angle, 799

Naso-frontal suture, 160

Naso-labial band, 450
Naso-lacrimal duct, 825

bony canal of, 143, 148, 186, 188

develoiJment of, 49

surgical anatomy of, 1377

Naso-palatine artery, 900
nerve, 778
recess, 802

Naso-pharyngeal groove, 1143

Navicidar bone, of foot, 261

morphology of, 1464
position of tuberosity of, 1464

of hand, 218
surface anatomy of, 1451

variations in, 286

Naviculo-cuboid joints, 357
Naviculo-cuneiform joints, 357

Neck, abscesses of, 1385

anterior triangle of, 1390

arteries of, 888
carotid triangle of, 1391

deep cervical glands, 1392

lateral muscles of, 467
development of, 42, 47

digastric triangle of, 1391

surgical anatomv of, 1391

fascia3 of, 1386, 1389
fascial compartments of, 1385

infrahyoid region of, 1387, 1388

lymph vessels of, 1003

median line of, 1387

muscles of, 458
muscular triangle of, 1383

nuchal furrow of, 1395

posterior triangle of, 1390

sub-occipital triangle of, 1395

suprahyoid region of, 1387

surgical anatomy of, 1385

triangles of, 1390

Nelaton, line of, 1455

Neopallium, 624, 628, 645

Nerve or Nerves ; Nervus or Nervi

aVxiucens, 781

course and communiciitions, 781

Nerve or Nerves (contd.)— ,

aMucens, (contd.) deep connexions of, 600
develojiment of, 798
morphology of, 798
nucleus of, 600

relation of, to medial longitutlinal

Inindle, 600
origin of, dei-ji, 600

superficial, 781
accessory (eleventh cerebral), 791

deep origin of, 595
development of, 592, 684

external ramus (spinal part) of, 791, 793

development of, 592, 684
mori)hology of, 797

internal ramus (accessory part) of, 791, 793

development of, 592, 684
morphology of, 797

medullary part of, 595
nucleus of, 595
superficial origin of, 596, 793

surgical anatomy of, 1393

accessoiy o1)turator, 726
acusticus, 852
ampuUary branches of superior and

lateral, 785, 853
central connexions of, 606
cochlear division of, 604

termination of, 852
development of, 552-554, 796, 798

in labyrinth, 852
morphology of, 796
nuclei of, 604
origin of, deep, 604

superficial, 784
• utricular branch of, 785, 853

nuclei of, 604
vestibular division of, 604

ganglion of, 853
termination of, 853

to adductor magnus muscle, from obturator,

723
from sciatic, 729

alveolar, anterior superior, 777

inferior, 780
branches of, 780

mental nerve, 780
mylohyoid nerve, 780

middle superior, 777
posterior superior, 775

to ankle-joint, from deeji peroneal, 731, 733

from tibial, 732
ano-coccygeal, 738
anterior supra-clavicular, 696

morphology of, 700
to arteries, 870
to articulations of foot, from deep jieroneal,

731
from lateral plantar, 735
from medial plantar, 734
from tibial, 733

of auditory tube, 838
auricular, anterior, of auriculo-temjioral, 780

great, 695, 696
morphology of, 700

posterior, 783
auricular branch of vagus, 788
auriculo-temporal, 779

meatal branches of, 780
morphology of, 700
parotid branches of, 780

axillarv, 710
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xServe or Nerves (contd.)—
axillary (contd.), surgical anatomy of, 1447

toijogiaphy of, 1447
bigeminal, 727
of blood-vessels, 870
of bones, 87
to brachial artery, 765

buccal branch of facial, 784

buccinator branch of trigeminal, 779

to bulb of urethra, 740

calcanean, medial, 734
canalis j)terygoidei (Vidii), 777

cardiac, of vagus, 789
of recurrent left, 789

right, 789
inferior, of sympathetic, 759

of vagus, 789
middle, 759

of symijathetic, 757, 759

of vagus, 789
carotici externi, 757
carotico-tympanic, 759, 786

caroticus interuus, 757

to carjjal joints, 329
caudal, 691, 738
ceUs, 497, 506, 507
cerebral, 767, 798

afferent roots of, development of, 796
morphology of, 796

connexion of, with superior cervical gang-

lion, 756
deep connexions of, in cerebrum, 619

in medulla oblongata and pons, 592

in mesencephalon, 600
development of, 795
efferent roots of, development of, 796

morphology of, 796
general distribution of, 767
list of, 678, 767
morphology of, 795, 796
motor nuclei of, 592
nuclei of origin of, 592

of termination of, 593
roots of, 767
segmental characters of, 795, 796
1st, olfactory, 767

2nd, optic, 768

3rd, oculomotor, 603, 769
4th, trochlear, 770
5th, trigeminal, 567, 569, 600, 771
6th, abducens, 568, 600, 781

7th, facial, 567, 598, 781
8th, acustic, 604, 784
9th, glossopharyngeal, 596, 785
10th, vagiLS, 596, 786
11th, accessory, 595, 791
12th, hypoglossal, 594, 793

cervical, 692
anterior rami, 692, 700
descending, 696
first, 688, 695
gray rami of, 692

chorda tympani, 782
branches of, to sublingual gland, 782, 1 140

to submaxillary gland, 782, 1138
development of, 796
morphology of, 796
relation of, to lingual nerve, 780

to taste, 855
tympanic aperture of, 834
in tympanum, 782, 1368

ciliary, long, 773

Nerve or Nerves (contd.)—
ciliary (contd.), short, 773
circumflex, see Nerve, Axillary

clunium inferiores, 737
coccygeal, 691

to coccygeus muscle, 738
coclilear, 785

deep origin of, 604
common peroneal, 728, 729, 730

branches of, 730
surgical anatomy, 1457

tibial, 732
surgical anatomy of, 1458

to constrictors of pharynx, from glosso-

pharyngeal, 786

from vagus, 788
to corjxis cavernosum penis, 740

to cremaster muscle, 722
cutaneous, of abdomen, 716, 717

from ilio-inguinal nerve, 720

of lower limb, tables of, 747, 748

of upper limb, tables of, 744, 745
cutaneus antibrachii dorsalis, 711

lateralis, 705
medialis, 709

brachii lateralis, 710
medialis, 710
posterior, 711

colli, 696
dorsalis intermedins, 731

lateralis, 730
medialis, 731

femoris lateralis, 722
posterior, 737

surae lateralis, 730

deep peroneal, 730
descendens hypoglossi, 698, 794
CO diaphragm, 699, 717

to digastric muscle, 780
digital, of foot, from deep peroneal, 731

from plantar, 734, 735
from superficial peroneal, 731

from sural nerve, 730
of hand, from median, 706

from superficial ramus of radial, 712

from ulnar, 709
to dilatator pupillse muscle, 773

dorsal cutaneous nerves of the foot, 731

lateral, 731
medial, 731

dorsalis clitoridis, 740
penis, 740
scapulae, 702

efferent, 504

of elbow-joint, 705, 709, 711

to epicranius muscle, 783
ethmoidal, anterior, 773

posterior, 773
of external acoustic meatus, 832

of eyelid, 824
facial, 781

in acoustic meatus, 782
afferent root of, 796
ascending part of, 599
auricular (posterior), branches of, 783
branches of, 782
central connexions of, 600
cervico-facial division of, 784
communications of, 781

course of, 781
deep origin of, 599
development of, 796
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Nerve or Nerves {contd.)—
facial (contii), efferent root of, 598

einergtyit part of, 598
facial brauclies of, 783
in facial canal, 782
gi'iiiculate ganglion uf, 782
in infant, 600
intrapontine coui"st! of, 59!)

niorpliology of, 796
in neck, 783
n. intermedins of, 781

development of, 598
origin of, 598
relation of, to cliortla tynii)ani, 782,

796
to geniculate ganglion, 782, 79G
to vestibular nerve, 781

nucleus of, 599
in parotid gland, 783
plexus j)arotideus, 783
roots of, 598, 781
surgical anatomy of, 1376
temjjoral, 783
temporo-facial, 783
terminal rami of, 783

femoral, 724
articular branches of, 724
cutaneous branches of, 724

intermediate cutaneous nerve of thigh,

724
medial cutaneous nerve of thigh, 725

saphenous nerve, 726
branches of, 726
muscular branches of, 724

to femoral artery, 723
to femur, 724
to fibula, 734
frontal, 772
furcalis, 727, 753

variations of, 753
to gemelli muscles, 728
genital, of genito-l'emoral, 722
genito-femoral, 722

external spermatic branch of, 722
lumbo-inguinal branch of, 722

glossopharyngeal, 785
afferent fibres of, 7."5

root of, 597, 598
branches of, 785, 786
communications of, 786
course of, 785
deep origin of, 596, 598
development of, 796
efferent fibres of, 517

root of, 596, 598
in jugular foramen, 786
morjmology of, 796
in neck, 786
nucleus of, 596, 598

relation of, to fourth ventricle, 596
petrous ganglion of, 786
roots of, 785
superficial origin of, 596
superior ganglion of, 785
tympanic nerve of, 786

gluteal, inferior, 729
of posterior cutaneous of thigh, 737
superior, 729

Inemorrhoidal, inferior, 738

to hamstring muscles, 728

of heart, 880
of hip-joint, 723, 724, 728, 7:i9

Nerve or Nerves {contd.)—
of hip-joint (contd.), from femoral, 724

from nerves of sacral plexus, 729
fr(jm obturat<jr, 723

to humerus, 705
hypogastric, 766
"^of aortic plexus, 765, 766

hypoglossal, 793
ansa hypoglossi of, 794
branches of, 794
communications of, 793
course of, 793
deep origin of, 594
descending branch of, 794
development of, 798
nucleus of, 594
recurrent branch of, 794
relation of, to fourth ventricle, 594
superficial origin of, 594
surgical anatomy of, 1392

ilio-hypogastric, 720
ilio-inguinal, 720
incisor, 780
infra-claviculai', 703
to infra-hyoid muscles, 794
infra-orbital, of facial, 777

of trigeminal, 776
infra-trochlear, 773
intercostal, 713
intercosto-brachial, 716
intermedins, 781, 782

develojjment of, 683
origin of, 598
relation of, to chorda tympani, 782

to geniculate ganglion, 782
to vestibule, 1326

to interossei muscles of foot, 734, 735
of hand, 709

interosseous, of common peroneal, 731
interosseous, dorsal, 713

surgical anatomy of, 1453
interosseous, volar, 705
ischiadicus, 728
of knee-joint, from common peroneal, 729

from femoral, 724
from obturator, 724
from sciatic, 729
from tibial, 732

labial, 1324
anterior, 721

posterior, 739
lacrimal, 772

canals, 825
of large intestine, 1213, 1233
laryngeal, external, 788, 789

inferior, 789
morphology of, 797

internal, 788
in tongue, 1131

recurrent, 789
surgical anatomy of, 1389

superior, 788
morjihology of, 797
surgical anatomy of, 1388

lateral cutaneous, of thigh, 722
of thorax, 716

to latissimus doi-si muscle, 713
to levator ani muscle, from perineal nerve,

739
from pudendal plexus, 738

to levator scapuhe muscle, 702
to levator veli palatini muscle, 467

99
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Nerve or Nerves (contd.)—
lingual, 1131

surgical anatomy of, 1375

in tongue, 1131

of glossopharyngeal, 780
communications of, 780
morphology of, 796

of hypoglossal, 795
of vagus, 788

long scrotal, 739
thoracic, 702

to longus colli muscle, 468
lumbar, 719

anterior rami, 719

posterior rami, 690
lumbo-inguinal branch of genito-femoral,

722
to lumbrical muscles, of foot, 734, 735

of hand, 706, 709
of lungj 791
mandibular, 778
marginal, of mandible, 784

masseteric, 779
mastoid, 695
maxillary, 775
meatus acoustici externi, 780

medial cutaneous, of the arm, 710

of the calf, 732
of forearm, 709
of thigh, 724, 725

median, 705
branches in the forearm, 705

in hand, 706
communications, 705, 707

course of, 705
cutaneous branches, 706
muscular branches, 705
palmar ramus, 705

surgical anatomy of, at elbow, 1451

in arm, 1448
volar interosseous nerve of forearm, 705

of membrana tympani, 836
meningeal, of vagus, 788

(middle), 775
mental, 780
to muscles of abdominal wall, 485

of arm, 381
of back, 439
of buttock, 418
of face, 452
of foot, 425
of forearm, 400
of hand, 400
of hyoid bone, 460
of iris, 814
of leg, 435
of lower limb, 718
of mastication, 457
of orbit, 454
of pectoral region, 369

of pelvis, 494
of perineum, 489
of pinna, 830
prevertebral muscle^s, 470
of shoulder, 375, 376, 377
of soft palate, 786, 788
of thigh, 418
of thorax, 474
of tongue, 463
between trunk and upper limb,

372
of upper limb, 700

Nerve or Nerves (contd.)—
musculo-cutaneous, 704

variations of, 752
to mylo-hyoid, 780
nasal of infra -orbital, 777

lateral, 773
medial, 773
posterior inferior lateral, 778

superior lateral, 778
naso-ciliary, 773
naso-palatine, 778
to obliqui abdominis muscles, 716

obturator, 722
accessory, 726

to obturator externus muscle, 723

intemus muscle, 728
occipital, greater, 689

branch of posterior auricular, 783

occipital, small, 695
morphology of, 700

occipital third, 690
oculo-motor, 769

branches of, 770
communications of, 770
course of, 770
deep origin of, 603
development of, 796
morphology of, 796
superficial origin of, 769

CBSophageal, from sympathetic, 760

from vagus, 789
olfactory, 767, 768, 805

development of, 622
morphology of, 797
origin of, 624, 628
termination of, 768

ophthalmic, 772
branches of, 772

frontal, 772
lacrimal, 772
supra -orbital, 772
supra-trochlear, 773

course of, 772
development of, 796

optic, 768
development of, 825
morphology of, 797
origin of, 658
retinal portion of, 815

orbital, of spheno-palatine ganglion, 778

palatine, 778
anterior, 778
middle, 778
posterior, 778

palpebral, 824
to parotid gland, 1137

patellar, 726
perforans coccygeus major, 738
perforating cutaneous, 737
pericardiac, 791
perineal, 737

of fourth sacral, 738
of posterior cutaneous nerve of thigh, 737

superficial, 739

to perineal muscles, 739
peripheral, development of, 679
peroneal anastomotic ramus, 730

peroneal, deep, 730
superficial, 731

to peroneus brevis, 731

longus, 731

petrosal, deep, 758, 777
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Nerve or Nerves {cunld.j—
petrosal (contd.), superficial, external, 782

f

greater, 782
esser, 759, 782, 786

pharyngeal, 778, 1150
of glossopharyngeal nerve, 786
of sjiluno-jialatine ganglion, 778
ol sympathetic, 756
of vagus, 788

phrcuic, 699
branches of, 699
communic;itions of, 699, 702

surgical anatomy of, 1393

of pinna, 830
to piriformis muscle, 729
plantar, lateral, 734

surgical anatomy of, 1465

medial, 734
surgical anatomy of, 1465

posterior descending supra-clavicular, 69G

morphology of, 700
to prevertebral muscles, 695
to psoas major muscle, 720
of pterygoid canal, 777
pterygoid, external, 779

in'temus, 778
pudendal, 738
pulmonary, 1096
from sympathetic, 761

from vagus, 789

to pyramidalis alxlominis muscle, 717

to quadratus femoris muscle, 728
lumborum muscle, 720

radial, 710
collateral branches of, 711

cutaneus brachii posterior, 711

dorsal cutaneous nerve of forearm, 711

ulnar collateral nerve, 711

course of, 711
deep ramus of, 712
dorsal interosseous, 713
superficial rami of, 712
surgical anatomy of, 1454

topography of, at elbow, 1450

in arm, 710, 711

variations of, 752
to radio-carpal joint, 705

to radius, 705
ramus anastomoticus peronaeus, 730

of rectum, 1233
recurrens (vagi), 788
recurrent tibial, 730
to rhomboids, 702
sacral, 691, 727, 735

anterior rami of, 727, 735
visceral branches of, 736

posterior rami of, 691
sacro-coccygeal, anterior, 738

posterior, 691

saphenous, 726
surgical anatomy of, in foot, 1465

in leg, 1463
in thich, 1461

to scaleni muscles, 695, 697

to scalp muscles, 783

scapular, dorsal, 702

sciatic, 728
course of, 728
division of nerve to hamstrings, 728

nerve to short head of biceps, 728

surgical anatomy of, 1456

scrotal anterior, 721

Nerve or Nerves {contd.)^

scrotal (contd.) posterior, 739
segmental, of head, 796
to semicircular ducts, 785
sensory ganglion of, 510
to short head of biceps, 729

muscles of little finger, 709
of thumb, 706

to shoulder-joint, from axillary, 710
from supra-scapular, 703

of skin, 858
of small intestine, 1187
speruiatic, external, 722
spheno-palatine, 775
to sphincter ani muscle, 738, 739

pupillcB muscle, 814
spinal, 685

anterior rami of, 685
classification of, 678
development of, 679
distribution of, general, 680, 687

to limb-muscles, 687
to skin of limbs, 687

formation of, 680
ganglia of, 685
gray rami of, 680, 681

of brachial plexus, 700
of cervical plexus, 694
of lumbo-sacral plexus, 719
of pudendal plexus, 719
of sacral plexus, 719
of thoracic nerves, 714, 716, 717

morphology of rami, 681, 691, 741
number of, 678
origin of, 522, 528
posterior rami, 687, 691
recurrent branches of, 686
relation of, to meninges, 686

to vertebrae, 1442, 1443
roots of, 519

anterior, 519
development of, 679

posterior, 519
development of, 679

segmental disposition of, 687
size of, 678
somatic portion of, 680
splanchnic portion of, 680
visceral branches of, 680
white rami of, 687

development of, 681
of lumbar and sacral nerves, 719
of pudendal plexus, 719
of sacral plexus, 719
of thoracic, 714, 716, 717

spinosus, 778
splanchnic, 761

greater, 761, 764
lesser, 761
lowest, 761, 764

stapedius, 782
to stemo-mastoid muscle, 696, 793

from accessory, 793
of stomach, 1177
to stylo-pharpigeus muscle, 786
to subclavius, 702
of sublingual gland, 1140
of submaxillary gland, 1138
suboccipital, 688

morphology of, 691
subscapular, 713

lower, 713
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Nerve or Nerves (contd.)—
subscapular (contd.), short, 713
supi-a-clavicular (descending cervical), 696

anterior, 696
middle, 696
posterior, 696

morphology of, 700
supra-oi'bital, 772

surgical anatomy of, 1358
supra-scapular, 703

variations of, 700, 752

supra -trochlear, 773
surgical anatomy of, 1358

sural, of common peroneal, 730

lateral, of posterior cutaneous nerve of

thigh, 737
medial, of tibial, 732

sympathetic, 753
of taste, 598
temporal, of auriculo-temporal, 780

deep, 779
of facial, 783

tojjography of, 1359

to tensor fasciae latue muscle, 729

tympani muscle, 835
veli palatini muscle, 786, 788

tentorii, 772
to teres minor muscle, 710

terminalis, 608
thoracic, 713

anterior rami of, 713
cutaneous branches of, 714

of first, 714
of second, 714
of twelfth, 717

communications of, 714, 716, 717, 719

muscular branches of, 703
of first, 714
of second, 714
of twelfth, 717

posterior rami of, 690
cutaneous branches of, 690

first, 713
lateral anterior, 703
long, 702
medial anterior, 703
second, 690
twelfth, 690

thoraco-dorsal, 713
to tibia, 732
tibial, 729, 732

surgical anatomy of, 1458

communicating, 732
recurrent, 730

to tibio-fibular joint, from common peroneal,

730
from tibial, 732

of tongue, 1136
of tonsil, 1149

to transversus alxlominis, 484
thoracis muscle, 470

to trapezius muscle, 366
from accessory, 793

trigeminal, 771
ascending root of, 601

deep origin of, 600
development of, 683
divisions of, 772

mandibular, 778
maxillary, 775
ophthalmic, 772

mesencephalic root of, 601

Nerve or Nerves (contd.)—
trigeminal, mesencephalic root of (contd.),

in pons, 602
morphology of, 796
motor root of, 601

development of, 683
morphology of, 796

nuclei of, 600
development of, 683
of mesencephalic root of, 602
in. pons, 602

semilunar ganglion of, 771
sensory root of, 600

development of, 683
morphology of, 796

spinal tract of, 601
development of, 602

superficial origin of, 600, 771

trochlear, 770
communications of, 771

course of, 770
deep origin of, 602
development of, 683
morphology of, 798
nucleus of, 602
superficial origin of, 602, 770

tympanic, 786, 836
morphology of, 796

to ulna, 705
ulnar, 708

course of, 708
surgical anatomy of, in arm, 1448

at elbow, 1451
collateral, 711

to utricle, 785
to uvular muscle, 786

vagus, 786
abdominal branches of, 789

afl'erent fibres of, 596
root of, 795

branches of, 789
cardio-inhibitory fibres of, 793
communications of, 788, 789
deep origin of, 596
development of, 795

efferent fibres of, 596
root of, 795

ganglion nodosum of, 788

in jugular foramen, 786
jugular ganglion of, 788
left, in thorax, 786
morphology of, 797
in neck, 788
nucleus of, 597

relation of, to fourth ventricle, 551

right, in thorax, 786
roots of, 596
development of, 795
morpliology of, 796

superficial origin of, 786

surgical anatomy of, 1393
termination of, in coats of stomach, 11 77

in thorax, 786
viscero-motor fibres of, 793

vesical, 766
vestibular, 853

connexion of, with cerebellum, 604

deep origin of, 604
descending root of, 605
nucleus of, 604, 605

relation of, to fourth ventricle, 551

zygomatic, of facial, 773, 775
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Nerve or Nerves (ronhi) —
zygomatic (contil.), of" maxillary, 770
zygomatico-facial, 776
zygomatico-teiuporal, 776

Nerve-cells, 506
axons of, 507
bipolar, 510
cellulipetal processes of, 511

of cereoelliim, 579

of cerebral cortex, 645
dendrites of, 509
development of, 35, 498
ganglionic, 510
of Oolgi, in cerebral.cortex, 645
processes of, 528, 529, 530, 531

of Purkinje in cerebellum, 580, 581

radicular, 528
of spinal ganglia, 685

medulla, 529
of sympathetic ganglia, 753
unipolar, 510

Nerve-components, 505
Nerve-endings, 863

free, 863
special end organs, 863

Nerve-fibres, 508
afferent, 509
collateral, 512, 534, 535
efferent, 504, 509
niedullated, 508
myelinisation of, 509

of lateral cerebro-spinal tract, 533
of medial longitudinal fasciculus, 589
order of occurrence of, in spinal medulla,

533
of sensory, 532

neurolemma of, 508
non-medullated, 508, 754
primitive sheath of, 508
somatic efferent, 505
splanchnic, afferent, 754, 760

in thoracic region, 759
efferent, 505, 754, 760

in thoracic region, 761
peripheral, 755

symi)athetic, 754
cervical, 756
destinations of, 754
niedullated, 754
non-medullated, 754
splanchnic, 754, 756

terminations of, 504, 509
Wallerian degeneration of, 532

Nerve-roots, 519
anterior, origin of fibres of, 528
cerebral, 592
spinal, 519

development of, 519
anterior, 519, 529

develoi)ment of, 520
origin of, 529
relation of, to svmi)athetic, 754

posterior, 519, 533, 534, 536
development of, 520, 536
in posterior funiculus of spinal medulla,

533
relation of, to sympathetic, 754

Nervous system, 497
cerebro-spinal, 497
early stages of development, 30
elements of the, 497
of hydra, 497

Nervous system (conhl.), scheme nf ilic, 498

sympathetic, 753
Nervus, i^ee Nerve
Neural arteries, of gluteal, 938

of intercostals, 926
canal, 31

crest, 32, 500, 679
ectoderm, 499, 501

fold, 31

groove, 23
j.late, 30
syncytium, 504

tilbe, 31, 33

alar lamina of, 36, 505, 682

in i'ore-l)i;un, 608

in hind-braiu, 552, 553, 554
in mid-brain, 592
relation of, to origin of nerves, 553,

554, 682
basal lamina of, 36, 505, 682

in fore-brain, 608
in hind-brain, 553
in mid-brain, 592
relation of, to origin of nerves, 553,

554, 682
central canal of, 564, 565
development of cerebral nerves from, 682

of spinal nerves from, 679
differentiation of, 33
epeiidymal layer of, 502
fate of spinal portion, 35
flexures of, 514
floor-plate of, 402, 520
germinal cells of, 35
histological differentiation of walls, 35
limiting membrane of, external, 35, 502

internal, 35, 502
mantle-layer of, 502
marginal layer of, 502
myelospongium of, 503
neuroblasts of, 503
perforations in wall of, 37
roof-plate of, 402, 520
sulcus limitans of, 36

Neurenteric canal, 23, 26
Neurobiotaxis, 554
Neuroblasts, 36, 503
N euro-central synchondi'osis, 104

Neuroglia of brain, 511
of spinal medulla, 527

Neurolemma, 508
Neurology, 3

Neuro-niuscular spindles, 866
Neuron, 503
Neurone theory, 503

objections to, 504
Neuropore, 31

anterior, 31, 500
posterior, 31, 500

Neuro-tendinous spindles, 865
Nictitating membrane, 821

Nipple, 1337

Nodide of cerebellum, 571

development of, 571

Noduli aggregati of vermiform process, 1217

lymphatici aggregati, 1181

intestini recti, 1230
lienales, 1355
solitarii, 1181

valvularum semilunariiim, 877

Nose, 799
ala of, 799
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Xose (contd.), alar sulcus of, 799
arteries of, 805
bridge of, 799
cartilages of, 800
cavity of, 801
choanae of, 175, 185, 196

surgical anatomy of, 1246
development of, 49
digital exploration of, 1378
external, 799
floor of, 804
hiatus semilunaris of, 803
infundibulum of, 803
lateral wall of, 802
liiuen of, 802
lymph vessels of, 1004
meatuses of, 803
mucous membrane of, 804
muscles of, 450

action of, 452
nerve-supply of, 452

nasal index of, 799
nerves of, 805
olfactory part of, 804
outer parts of, 799
piriform openings of, 163
recessus spheno-ethmoidalis of, 802
respiratory part of, 804
septum of, 802

surgical anatomy of, 1378
veins of, 806
vessels of, 805
vestibule of, 802

Nostril, 799
Notch, acetabular, of ischium, 232

variations in, 281
cardiac, of lung, 1095
of cerebellum, 574
ethmoidal, 116
greater sciatic, of ilium, 229
infra-sternal, 1397, 1407
intercondylic, of femur, 243
jugular, 107
mandibular, 156
nasal, 115
pterygoid, 137
pterygo -palatine, 151
radial, 211
of Rivinus, 834
of sacrum, 96
scapular, 201, 203

great, 202
sciatic, 229, 232
semilunar, 211

of spleen, 1352
supraorbital, 116
suprasternal, 107

iilnar of radius, 215
umbilical, 1191

Notochord, 23, 24, 290
formation of, 24
remnants of, 25

Nuchal furrow, 1395
lines, 166, 171

of occipital bone, 121

plane of occipital bone, 121
Nuck, canal of, 1319
Nuclear juice, 8

layer of retina, 816, 817
membrane, 8, 9

Nucleolus, 8, 9, 10
false, 8

Nucleus, 8

Nucleus or Nuclei, of abducens nerve, 600
relation of, to medial longitudinal

bundle, 588, 600
accessory, 560, 595
of acoustic nerve, 604-606
ambiguus, 595, 596
amygdalae, 641
anterior, of thalamus, 612
arcuate, 552, 563

development of, 552
of thalamus, 612

of Bechterew, 605
caudate, 635, 637
of cells, 8

during mitosis, 9, 13

segmentation, 10

central, of Luys, 612
cochlear, 554, 604

develoj)ment of, 684
colliculi inferioris, 585
corporis geniculati lateralis, 613

medialis, 607
mamiRaris, 615

of corpus trapezoideum, 606
cuneate, 533, 547, 560
development of, 552
relation of, to arcuate fibres, 560

of Deiters, 605
function of, 605

dentate, 576
dorsalis, 531
emboliformis, of cerebellum, 577

of facial, 599
fastigii, 577
fertilisation of, 20
first segmentation, 21

of funiculus solitarius, 598

globosus, 577
glossopharyngeal, 596-598

relation of, to fourth ventricle,' 596

gracilis, 547
relation of, to arcuate fibres, 560

to lemniscus, 559
hypoglossal, 594

relation of, to fourth ventricle, 594

hypothalamicus, 614
intercalatus, 55

1

laryiigeal, 598

of lateral lemniscus, 606
lentiform, 638
lentis, 520
of Luys, 614
medial, of thalamus, 611

of medulla oblongata, 551

development of, 551, 592

of mesencephalon, 584, 585, 586, 588

motor, 592
motorius nervi trigemini, 601

oculo-motor, 603
olivary, accessory, 556

inferior, 556
relation of, to cerebello-olivary fibres, 556

surface elevation of, 547

superior, 567, 606
pedicle of, 606
relation of, to corpus trapezoideum, 606

to lateral lemniscus, 606

to nucleus of lateral lemniscus, 606

of optic nerve, 620
of origin, 592
of origin of cerebral nerves, 592
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Nucleus or Nuclei, of origin (contd.), develop-

ment of, 592
pontis, 566
development of, 566
relation of, to transverse fibres of pons, 566

pulposus, 307
radicis descendentis nervi trigemini, 559
red, 613
roof, 577

relation of, to spino-cerebellar tract, 578
ruber, 586-588

origin of, 516
segmentation, 21

somatic afferent terminal, 506
efferent, 506

splanchnic afferent teriuinal, 506
efferent, 506

of tegmentum, 586
terminal, 505
of termination of nerves, 593
of thalamus, 611
tractus solitarii, 598

spinalis nervi trigemini, 559
trigeminal, 600
development of, 683

trochlear, 602
relation of, to medial longitudinal bundle,

602
vagus, 596

relation of, to fourth ventricle, 596
vestibular, 554, 604

early importance of, 575
relation of, to fourth ventricle, 604

Nuel, space of, 852
Number of bones, 265
Nutrient arteries, 87
Nymphae, see Labia pudendi minora

Obelion, 171, 286
Obex, 579
Oblique chord, 328

line, anterior, of radius, 215
external, of mandible, 155

Oblique line of tibia, 249
vein of Marshall, 960

Obliquus externus abdominis nuxscle, 476
inferior, of neck, 444

of orbit, 453
intenms alxiominis muscle, 478
superior muscle of neck, 444

of orbit, 453
action of, 454
nerve-supply of, 454

Obliterated umbilical artery, 936
01)stetrical paralysis of Duchenne, 1395
Obturator artery, 940

abnormalities of, 1057
canal, 338
crest, 233
externus muscle, 413

action of, 414
nerve-supply of, 414

fascia, 489
foramen, 234
gland, 1017
groove, 234

abnormalities of, 281

in ternus muscle, 418
action of, 418
nerve-supjily of, 418

membrane, 338

nerve, 722

Obturator nerve (contd.), accessory, 726
plexus, 723
tubercle, anterior, 234

posterior, 234
vein, 984

Occipital angle of parietal bone, 1 19

arteries, 895
bone, 120

arcliitecture of, 270
basilar part of, 123

ossification of, 124
cerebral surface of, 121

condyles of, 122
ossification of, 124

connexions of, 124
foramen magnum of, 123, 172, 178
lateral parts of, 121

morphology of, 290
nuchal lines of, 121

plane of, 121

ossification of, 124
relation of, to sutures, 165, 171
squamous part of, 121

ossification of, 124
variations in, 277

condyles, 122, 182
third, 278

crest, external, 121

internal, 121, 182
fontanelle, 293
lobe, 660

topography of, 1360
lymph glands, 998
nerves, 688-690
plane, 118

l^oint, 183, 285
protuberance, external, 121, 178

internal, 121, 182
sinus, 183, 974

abnormalities of, 1058
sulcus, 661
triangle, 1395
vein, 965, 967

Occipito-atloid joint, 309
movements at, 311

ligaments, 310
Occipito-epistroi)heal ligaments, 311
Occipito-frontal fasciculus, 650
Occipito-mastoid suture, 165, 171

Oculo-motor nerve, 683
connexions of, 604
development of, 683
morphology of, 798
nucleus of, 603
splanchnic efferent nucleus of, 604

sulcus, 603
Oculo-nasal sulci, 49
Odontoblasts, 1245

processes of, 1247
(Esophageal arteries of aorta, 925

of coronary, 929
of inferior thyreoid, 611
morphology of, 1046

groove of liver, 1189
of lung, 1094

opening of diaphragm, 473
orifice of stomach, 1163
plexus, 791
veins, 961

Oesophagus, 1150
abdominal part of, 1152
cervical portion of, 1151
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(Esophagus, cervical (contd.), surgical anatomy
of, 1393

constrictious of, 1151

development of, 45, 1249
diaphragmatic part of, 1152
distensibility of, 1407
glands of, 1155
relations of, 1151, 1152, 1153
structure of, 1153
surgical anatomy of, 1407
thoracic part of, 1152
variations in, 1153
vessels and nerves of, 1155

Olecranon, 210
fossa, 208

topography of, 1449

Olfactory area, 500, 622
bulb, 622, 623
development of, 622
morphology of, 622
structure of, 623

bundle, 627
cells, 805
cleft, 1378
ganglion, 622

morphology of, 622
glands, 804
glomeruli, 623
groove, 140, 141, 179
hairs, 805
lobe, 624
development of, 624
relation of, to anterior cerebral couimissure,

626
nerve, 767, 768, 805

central connexions of, 623
development of, 682

neurones, 625
organ, 799

for receptive impressions, 625
pits, 49, 682
sulcus, 666
tract, 622, 623
development of, 622
structure of, 623

triangle, 623
tubercle, 623

Oligolecithal ovum, 14

Olivary nucleus, 555
Olive of medulla ol)longata, 547
Omental bursa, 1162, 1238

tuberosity of liver, 1193
of pancreas, 1206

Omentum, 1162
gastro-colic, 1162
gastro-hepatic, 1162
gastro-splenic, 1162
development of, 1253
relation of, to omental Ijursa, 1239

greater, 1162, 1241
development of, 1253
functions of, 1242
relation of, to duodenum, 1186

to omental bursa, 1239
to transverse colon, 1239

lesser, 1162, 1197, 1241
development of, 1253
relation of, to omental bursa, 1239

Omo-hyoid muscle, 459
action of, 394
nerve-supply of, 394

Ontogeny, 1

Oocyte, 12

of first order, 12
of second order, 15

Oogonia, 12, 15
Oolemma, 13
Opening of subarachnoid iiart of brain,

1362
Opercula insuloe, 655

orbital, 655
superior, 655
temporal, 655

Ophryon, 285
Ophthalmic artery, 902

abnormalities of, 1054
nerve, 772

morj)hology of, 797
veins, 968

Opisthion, 178, 183
Opponens digiti quinti muscle, 393

action of, 394
nerve-supply of, 394

Oj)ponens pollicis muscle, 392
action of, 393
nerve-sui^ply of, 393

Optic axis, 807
chiasma, 541, 619

decussation in, 769
development of, 609, 682, 826
morphology of, 798

commissure, 619
cup, 682, 826

of optic disc, 815
disc, 815
foramen, 180

abnormalities of, 278
groove, 135
nerve, 541, 768

deep connexions of, 620
development of, 33, 609, 682
morphology of, 798
papilla, 815
in retina, 816

radiation, 620, 643, 658
recess, 618
stalk, 682, 825, 826

morphology of, 798
tract, 541, 619

central connexions of, 619
cortical connexions of, 620

vesicle, 825
pigmentary layer of, 825

Ora serrata, 815
structure of, 815

Oral part of the pharynx, 1144, 1145
Orbicularis oculi muscle, 450
Orbicularis oris muscle, 450

action of, 452
nerve-sujijily of, 452

Orbiculus ciliaris, 812
Orbit, 160, 162

fascia of, 452
floor of, 162
lateral wall of, 162
medial wall of, 163
muscles of, 452

action of, 454
morphology of, 496
nerve-supply of, 454

roof of, 160
veins of, 968

Orbital artery of middle meningeal, 898
of superficial temjjoral, 897
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Orbital (contd.), roswa, 160

gyri, (m
index, 287
margin, 115

.sexual (litl'eivnce.s in, \'Xi

l>art of frontal Ijone, 117, 162

l)late of etlmioitl bone, 140, 163

l)roce.s.s of j>alate Ijone, 152, 162, 17<i

of zygomatic bone, ir)4

septum, 822
sulcus, 666
wings of snlieiioid, 135

Orbito-maxillary-lVontal suture, 279
Orbito-nasal centre, 150

Orbito-sphenoitls, 136, 138
Orbito-tarsal ligamtsnts, 1378
Organ of Uorti, 849, 856

epibraTicIiial, 796, 797
of lateral line, 796
of Kullini, 865
of senses, 799
of tiiste, 854
vomero-nasal, of Jacobson, 802

Orifice, aortic, 878
to])ograi)hy of, 1405

external, of uterus, 1316
internal, of uterus, 1317
mitral, 876, 878

level of, 1442
topography of, 1405

pulmonary, 878
topograpliy of, 1405

tricuspid, Sfl
level of, 1442
topograpliy of, 1405

Origin of muscles, 364
OrtTiocephalic skulls, 286
Ortliognatlious skulls, 287
Os or Ossa, breve, 82

calcaneus, 259
capitate, 221
morphology of, 295
ossifacation of, 223

carpal, 280
carpi, 217
centrale, 280

morphology of, 295
clitoridis, 1326
coccygis, 99
cordis, 876
coxa;, 228
cranii, 115
cuboideuni, 263
cuneiforme, first, 261

second, 262
third, 263

ethmoidale, 139
extremitatis inferioris, 228

superioris, 197
faciei, 146

fibulare, 295
frontale, 115

hamatum, 221
surface anatomy, 1451

variation in, 280
hyoideiun, 158

ilium, 228
Incte, 278
intercuneiforme, 282
interfroutale, 277
intermetatarsale, 282
interparietale, 277

Oa or Ossa (rontd.), iscliii, 232

Jai)onicuni, 279
lacrimale, 143
longum, 82
lunatuni, 218
metacarpal ia, 223
metatarsal ia, 265
multangulum majus, 220

minus, 220
nasale, 145

naviculare, of the hand, 218
of the fool, 261

occijjitale, 120
odontoideum, 275
orl)iculare, 840
palatinum, 150
pariet.'ile, 118
penis, 1300
pisiforme, 219
pubis, 233
radiale, 295
sacrum, 96
sesamoidiia, 269
sphenoidale, 133
subcapitulare, 280
sustentaculi, 282
suturarum, 145
tarsi, 254
temporal e, 125
tibiale, 295
trigonuni, 282
tri(iuetrum, 219
ulnare, 295
Vesaleanum, 282
zygomaticum, 153

Osseous labyrinth, 843
Ossicles, auditory, 838

articulations of, 840
development of, 841

joints of, 840
ligaments of, 841

movements of, 842
epipteric, 146
of Kerkring, 124

Ossification of bones, 84
of laryngeal cartilages, 1065

Osteoblasts of bone, 85
Osteology, 3, 81

descriptive terms of, 82
Ostium abdominale tubse uterinte, 1314

maxillare, 804
pharyngeuni tubse auditiv?e, 837, 838
tymimnicum tubae auditivaj, 837
uterinum tubae, 1315

Otic ganglion, 781
branches of, 781
development of, 684, 796
roots of, 781

vesicle, 51, 853
Otoconia, 847
Ovarian arterv, 928

fimbria, 1312, 1314
fossa, 1312
ligament, 1312
plexus, 765
vein, 1048

abnormalities of, 1058
morj)hologv of, 1048

Ovary, 1311
bursa of, 1318
connexions of, 1312
corpora albicantia of, 1313
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Ovary (cojifd.), corpora liitea of, 1313
descent of, 1313
development of, 1334
egg-tubes of, 1314
extremities of, 1311

tubal extremity, 1311
uterine extremity, 1311

free border, 1311
hilum of, 1311
ligament of, 1311, 1312
lymph vessels of, 1314
mesovarial border, 1311
nerves of, 765, 1314
ova of, 1313
position and relations of, 1311, 1312
primitive follicles of, 1313
stroma of, 1313
structure of, 1313
surgical anatomy of, 1435, 1436
suspensory ligament of, 1312
vesicular follicles of, 1313
vessels of, 1314

Ovules of Naboth, 1320
Ovum, 13

alecitbal, 14

centrosome of, 14
cone of attraction, 20
deutoplasm of, 14
eutelolecitbal, 14
fertilisation of, 20
maturation of, 15
nucleus of, 14
oligolecithal, 14

in ovary, 1313, 1314
primitive, 1313, 1314
relation of, to decidua, 57
segmentation of, 15, 21
special characters of, 13

telolecitbal, 14

Pacinian corpuscles, 864
Pad, 1110, 1111

infra-patellar, of knee-joint, 348
suctorial, 1109

Palate, 1110
aponeurosis, 466, 1111
arches of, 1111, 1112
arteries of, 1111
bone, 150

horizontal part of, 151

orbital process of, 152
perpendicular part of, 151
pyramidal j^rocess of, 152
relation of, to nasal fossae, 183

to orbit, 162
to zygomatic fossa, 168

sphenoidal process of, 152
ossification of, 153

development of, 49, 1379
foramen, greater, 151, 174

surgical anatomy of, 1384
lesser, 152, 174

glands, 1110
hard, 174, 1107, 1110

surgical anatomy of, 1384
incisive pad of, 1110, 1111
lymph vessels of, 1112
mucous membrane of, 1111
muscles of, 466
development of, 496

nerves of, 778, 1112
papilla palatina of, 1110

Palate (contd.), plicas palatinise of, 1110
raphe of, 1110
rugae of, 1110, 1111
soft, 1107, 1110

folds of, 1111
level of, 1442
mucous membrane of, 1111
muscles of, 1111
structure of, 1111

uvula of, 1111
veins of, 965

Palatine canal, anterior, 149
greater, 152
lesser, 152

superior openings of, 152
cleft, 1379

surgical anatomy of, 1379
process, 148, 149
suture, median, 174

transverse, 174
taste-buds, 854
tonsils, 1106, 1145
primary haemorrhage after removal of, 1384
surgical anatomy of, 1584

Palato-ethmoidal suture, 162
PaUium, 621
Palm, surgical anatomy of, 1454
Palmar arch, deep, 923, 924

abnormalities of, 1055
morphology of, 1055
surface anatomy of, 1454

superficial, 923, 924
morphology of, 1047
surface anatomy of, 1454

fascia, 384
ligaments of carpal joints, 328

of carpo-metacarpal joints, 330
of metacarpo-phalangeal joints, 332

Palmaris brevis muscle, 382
longus muscle, 386

action of, 386
nerve-supply of, 386

Palpebrae, 821
Palpebral arteries, 823

fissure, 821
ligaments, medial, 822

surgical anatomy of, 1376
nerves, 824
raphe, lateral, 822
veins, 824

Pampiniform plexus, 983
Pancreas, 1203

accessory, 1207
body of, 1203, 1206
characters of, 1207
development of, 47
ducts of, 1206, 1207, 1255

termination of, 1186, 1203, 1207

accessory, 1207
head of, 1203, 1204
lesser, 1207
lymph vessels of, 1207
margin, anterior, 1206

inferior, 1206
superior, 1206

neck of, 1203, 1205
nerves of, 1208
omental tuberosity of, 1206
parts, 1203
peritoneal relations of, 1206
position, 1203
processus uncinatus of, 1203
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Pancreas (contd.), relations, 1203
shape, 1203
structure of, 1207
surface of, anterior, 1206

inferior, 1206
posterior, 1206

surgical anatomy of, 1426
from behind, 1439, 1412

tail of, 1203, 1206
variations in, 1207
vessels of, 1207

Pancreatic artery, 930, 1207
cysta, 1426
veins, 1208

Pancreatico-duodenal arteries, 930, 932, 1205,

1207
vein, 1208

Panniculus adiposus, 364
carnosus, 364

PapiUa or Papillae, bile, 1186, 1203, 1207

conical and filiform, 1127
corii, 857
dentis, 1244
duodeni, 1186, 1203, 1207
fungiform and lenticular, 1127

of integument, 857
of kidney, 1265

lacrimal, 821
lenticular, 1127
lingual, 1126
mammae, 1337
of nail, 859
of optic nerve, 815
pili, 860
renal, 1265

of skin, 857
vallate, 1127

Paracentesis of the pericardium, 1405

of pleura, site for, 1402
of tympanic membrane, 1368

Paracentral lobule, 664, 666
Parachonlal cartilages, 290
Paradidymis, 1287

origin of, 1335
Paraduodenal fossa, 1185

Paraflocculus, 571

Paramastoid process, 278
Parametrium, 1318, 1319

Paranephric fat, 1425
Parapophysis, 284
Parapyramidal fissure, 573
Pararectal fossa, 1227, 1238
Parasinoidal sinuses, 974
Parasternal line, 1397
Parathyreoid bodies, 44

glands, 1348
blood-vessels of, 1349
development of, 1349
number of, 1349

* position of, 1349
structure of, 1349

surgical anatomy of, 1388
Para-urethral duct, 1285, 1309

Paravesical fossa, 1238, 1280

Paraxial mesoderm, 27

Parenchyma testis, 1288

Paries carotica of tympanic cavity, 834

jugular! s, 832
labyrinthica, 832

mastoidea, 834
membranacea, 834

tegmentalis, 832

Parietal artery, 897
bones, 118

angles of, 119

cerebral surface of, 119

ossification of, 120

relation of, to sutures, 171

surface of, 118

topography of, 1359
tuberosities of, 118
variations in, 277

foramen, 171

abnormality of, 277
gyri, 662
lobe, 662
region of the brain, 662

Parieto-mastoid suture, 164
Parieto-occipital artery, 908

fissure or fossa, 661, 662
topography of, 1360

Parieto-temporal artery, 905

Parocci])ital process, 278
Par-oophoron, 1316, 1335

Parotid artery, of posterior auricular, .895

of superficial temporal, 896

duct, 1109, 1376
surgical anatomy of, 1376

fascia, 447, 1133
gland, 1133

accessory, 1136
development of, 1244
duct of, 1136

surgical anatomy of, 1376

nerves of, 1137
relation of, to external acoustic meatus,

1135, 1366
surgical anatomy of, 1376
vessels of, 1137

lymph glands, 998
Pars or part abdominalis of oesophagus, 1152

et pelvina s. sympathici, 761

analis recti, 1228
basilaris ossis occipitalis, 123

pontis, 565
cavernosa urethrae, 1308
centralis of lateral ventricle, 634
cephalica et cervicalis s. sympathici, 750

cervical of the oesophagus, 1151

ciliaris retinae, 815
development of, 826

convoluta of kidney, 1265
dorsalis pontis, 567
flaccida membranae tympani, 835
frontalis capsulae internie, 642

operculi, 655
iridica retinae, 813, 815

development of, 826
lacrimalis of orbicularis oculi, 450
laryngeal part of pharjaix, 1147
mamillaris hypothalami, 609
membranacea of the tircthra, 1307
nasal of the pharynx, 1142
occipitalis capsulae internte, 643
optica hj'pothalami, 609

retinae, 815
oral of pharynx, 1144
orbitalis operculi, 655
parietalis operculi, 655
prostAtica of the urethra, 1305
radiata of kidney, 1265
squamous of occipital bone, 121
temporalis operculi, 655
tensa membrans tympani, 835
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Pars or part (contd), thoracalis of the oesopliagus,

1152
s. sympatliiei, 759

triangularis .operciili, 655
Patella, 245
apex of, 245
articular surface of, 245
base of, 245
fracture of the, 1460
ligaments of, 344

relation of, to fascia lata, 404, 409, 422
to quadriceps (extensor) femoris, 409

ossification of, 245
topography of, 1460

Patellar plexus, 726
Pecten ossis pubis, 233
Pectinea fascia, 403
Pectineal line, 231
Pectineus muscle, 411

action of, 411
nerve-supply of, 411

Pectiniform septum of penis, 1300
Pectoral fascia, 369

girdle, 203, 270
lymph glands, 1008
muscles, nerve-supply of, 704
region, fascia, 369

muscles of, 369
ridge, 206

Pectoralis major muscle, 369
action of, 370
nerve -supplj^ of, 370

minimus, 371
minor muscle, 371

action of, 371
nerve-supply of, 371

Pedicles (O.T.) of vertebra, 89, 90, 93, 95
Peduncles of cerebellum, 577

of cerebrum, 34
of corpora niamillaria, 615
olivary, 556
of pineal body, 614

development of, 614
Pedimculi cerebri, 541, 542, 583

basis pedunculi of, 583
origin of, 517
sulcus lateralis of, 584

n. oculomotorii of, 584
tegmentum of, 583

Pelvic colon, 1222
topography of, 1423

diaphragm, 493
fascise, 489
floor, 490
girdle, 228, 273

morphology of, 295
mesocolon, 1223
part of sympathetic, 762
plexus, 766

Pelvis, 235
articulations of, 335
axis of, 237
cavity of, 489
conjugate diameter, 237, 238
diameters of, 237, 238
dolichopellic, 288
fasciaj of, 489
female, surgical anatomy of, 1434
growth of, 238
inferior aperture of, 237

sexual differences in, 237
ligaments of, 336

Pelvis (contd.), lymph vessels of, 1015
major, 235
measurements of, 238
mechanism and movements of, 338
mesatipellic, 288
minor, 236
muscles of, 493
oblique diameter of, 237
peritoneum of, 1237
planes of, 238
platypellic, 288
position of, 237
renal, 1268

calyces majores of, 1268
minores of, 1268

development of, 1331
sexual differences in, 237
superior aperture, 236

sexual differences in, 237
transverse diameter, 237
white line of, 491

Penis, 1298
artery of, 1300
bone of, 1300
bulbus urethrae of, 1299
corona glandis of, 1298
corpora cavernosa of, 1299

structure of, 1300
corpus cavernosum urethree of, 1298

structure of, 1300
crura of, 1299
development of, 1336
dorsal vein of, 897
dorsum of, 1298
fascia of, 1300
frenulum praeputii, 1299
glandulse preeputiales, 1299
glans of, 1298

development of, 1336
hemispheria bulbi urethras of, 1299
ligamentum suspensorium of, 1299
nerves of, 740
praeputium, 1299
root of, 1299

bulbus urethrae of, 1299
crura of, 1299

septum of, 1300
structure of, 1300
suspensory ligament of, 1299
tunica albuginea of, 1300
vessels and nerves of, 1300

Perforated substance, 624
Perforating arteries, 950

cutaneous nerve, 737
Pericardiac nerve, 791
Pericardiaco-phrenic artery, 913
Pericardial area, 27, 65

arteries, of aorta, 925
of internal mammary, 913

Pericardium, 880
development of, 72, 74
fibrous part of, 880
great oblique sinus of, 882
I^aracentesis of, 1405
serous, 881
sinuses of, 882
structure of, 882
transverse sinus of, 882
vestigial fold of, 882

Perichondrium, 85
Pericranium, 1357
Perilymph, 846
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Perimysium externum, 363
internum, 363

Perineal arteries, 942
iKxly (female), 1322
t;i.scia of CoUes, 338, 1427

fold, 48
ligament, trausvei-se, 338
nerves, 737

Perinephric arteries, 927, 928

Perineum, 1427

"central jwint uf, 1427

fasciie of, 485
male, surgical anatomy of, 1 127

muscles of, 486
rectal triangle of, 1431

surgical anatomy of, 1427

urogenital diaphragm of, 338, 489, 491

triangle of, 1427

Period, pre-embryonic, 7

of embryo, 7

of foetus, 7

Periosteum, 83
relation of, to ossification, 85

alveolar, 1115, 1123

development of, 1245

Peripheral nerves, development of, 679

Peritoneal cavity, 1412
hepato-renal pouch of Morrison, 1414

left infra-colic compartment of, 1414

right infra-colic compartment of, 1414

subdivisions of, 1412

supra-colic compartment of, 1414

surgical anatomy of, 1412

Perinephric abscess, 1439

Peritoneum, 1160, 1234

anterior layer of, 1234

bursa omentalis, 1234

development of, 1252

duodenal fossfe of, 1185, 1186

duodeno-jejunal fossa of, 1185, 1186

femoral fossa of, 1235

folds of, 1162-1163, 1235-1242

foramen epiploicum, 1162, 1239

great sac of, 1234
inguinal fossai of, 1235

intersigmoid fossa of, 1223
surgical anatomy of, 1423

ligaments of, 1162, 1235-1242

surgical anatomy of, 1412

mesenterico-mesocolic fold of, 1186

mesenteries of, 1163, 1208, 1242

omenta of, 1162, 1241

functions of, 1242
omental bursa of, 1102, 1195, 1234, 1239

paraduodenal fossa of, 1186
pararectal fossa of, 1238
paravesical fossa of, 1238, 1280
parietal and visceral, 1161

pelvic, 1237
posterior wall of, 1236

pouch of Douglas of, 1237, 1238, 1318

surgical anatomy of, 1434, 1436

processus vaginalis of, 1295, 1319

recto-vesical pouch of, 1282, 1283

surgical anatomy of, 1434

relation of, to bladder, 1280

to caecum, 1218

to colon, 1219, 1220, 1221

to duodenum, 1186, 1239, 1240

to kidney, 1262

to liver, 'l 195

to pancreas, 1206

Peritoneum (contd.), relation of, to rectum, 1226

to spleen, 1353

to stomach, 1170

to uterus, 1317
surgical anatomy of, 1412

transverse tracing of, 1238
utero-vesical pouch of, 1317

visceral, 1161

Perivascular lymph-spaces, 994
Permanent teeth, 1115-1119

Peronaio-calcaneus muscle, 431

lateralis muscle, 427
Peronajo-cuboideus muscle, 427
Peronajus accessorius muscle, 427

brevis muscle, 427
action of, 427

digiti quinti muscle, 427
longus muscle, 426

action of, 427
tertius muscle, 425

action of, 426, 953
Peroneal artery, 953

muscles, surgical anatomy of, 1462
nerve, 731
retinaculum, superior, 422

Perpendicular plate of ethmoid, 139, 185

Petit, canal of, 839
Petro-basilar fissure, 130
Petro-mastoid suture, 1369

Petro-occipital fissure, 176
Petrosal artery, 898

ganglion, 785
nerve, deep, 758, 777

superficial, external, 782, 898
greater, 777

origin of, 598
smaller, 759, 786

process, 135

sinus, inferior, 975
superior, 975

Petro-squamous fissure, 131

suture, 125, 126
surgical anatomy of, 1369

Petro-tympanic fissure, 125, 133

Petrous ganglion, 785, 786
part ol temporal bone, 131

Phsenozygous crania, 286
Phalangeal process of lamina reticularis, 851

Phalanges of foot, 267
of hand, 226
of rods of Corti, 851

ossification of, 227, 268
Pliaryngeal arterj', ascending, 896

bar, 42
development of, 1028

nerves, 1150
of glosso-pharyngcal nerve, 786
of spheno-palatine ganglion, 778
of sympathetic, 756
of vagus, 788

orifice of auditory tulie, 1143
plexus, 756, 786, 788
tubercle, 123
veins, 965

Pharyngo-branchial duct, 44
Pharyngo-ei)iglottic fold, 1067
Pliaryngo-glossus, 464
Pharyngo-])alatine arcli, 1111, 1112

muscle, 465
action of, 467
nerve-supply of, 467

Pharyngotomy, sub-hyoid, 1387
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Pharynx, 1140
aponeurosis of, 1149

auditory tubes of, 1142

boundaries of, 1143
bursa pbaryngea, 1143, 1396

cavity of, 1141

choanas, 1142
development of, 1242

dimensions of, 1140
fascia pliaryngo-basilaris, 1149

bucco-pharyngea, 1149
glands of, 1149
isthmus pliaryngo-nasalis, 1141, 1145, 1383

laryngeal part of the, 1141, 1147

lateral recesses of, 1144
development of, 1144

levator cushion of, 1143
lymph vessels of, 1006, 1149

surgical anatomy of, 1386
mucous membrane of, 1149
muscles of, 464-467

action of, 467
development of, 496
nerve-supply of, 467

nasal part of the, 1141, 1142

surgical anatomy of, 1385
naso-pharyngeal groove of, 1143
nerves of, 1150
openings of, 1142
oral part of the, 1141, 1144, 1145
orifice of auditory tube, 1143
pharyngo-palatine arch of, 1145
plica triangularis of, 1146
recessus piriformis of, 1069

tonsillaris of, 1145
development of, 46

relations of, 1149
salpingo-palatine fold of, 1143
salpingo-pharyngeal fold of, 1143
structure of wall, 1149
supra-tonsillar fossa of, 1145

development of, 1144
tonsil of, palatine, 1145, 1146

pharyngeal, 1143
torus tubarius of, 1143
vault of, 1143
vessels and nerves of, 1149

Philtrum, 1108
ventriculi of Merkel, 1069

Phrenic artery, inferior, 933
ganglion, 765

nerve, 699
surgical anatomy of, 1393

vein, 982
Phrenico-colic ligament, 1242
Phrenico-pleural fascia, 1089
Phylogeny, 1

Pia mater, 518
of the brain, 673
chorioid plexuses of, 553, 611, 617, 635
ligamentum denticulatum of, 675
linea splendens of, 675
of the Bjiinal medulla, 675
tela chorioidea of, 673

of thii'd ventricle, 674
Pigmentary laver of optic vesicle, 825
Pillars of Corti, 850
Pineal body, 582, 614

development of, 608
morphology of, 619
taenia thalami of, 614

eye, 608

Pinna, 449
development of, 52

Piriform aperture, 163
measurement of, 287
surgical anatomy of, 1239

Piriformis fascia, 489
muscle, 417

action of, 418
nerve-supply of, 417, 729

Pisi-cuneiform joints, 330
Pisiform bone, 219

morphology of, 295
ossification of, 223
surgical anatomy of, 1451

Pisi-metacarpal ligament, 331
Pisi-unciform ligament, 331
Pit, auditory, 50, 853

nasal, 798
olfactory, 49
rectal, 1230

Placenta, 54, 56
basal layer of, 57, 58
completion of the, 61

detachment of, 63
development of, 56
foetal, 60
maternal, 57, 60, 62

Placental area, 61, 63
Placode, dorso-lateral, 501

epibranchial, 501
Plane, frontal, 5

of greatest pelvic extension, 238
infra-costal, 1407, 1411
of least pelvic extension, 238
median, 4
transpyloric, 1159

Plantar aponeurosis, 423
arch, 954

abnormalities, 1058
morphology of, 1048
position of, 1465
surgical anatomy of, 1465

artery, lateral, 954
medial, 954

fascia, 423
ligaments, 355
nerves, 734

lateral, 734
branches of, 735
deep branch of, 735

medial, 734
branches of, 734

Plantaris muscle, 429
action of, 429

Planum nuchale, 166
occipitale, 166
popliteum, 242
sternale, 107
temporale, 118

Plate, basal, 31
floor, 31
medullary, 513
neural, 31

roof, 31
Platyhieric sacrum, 289
Platyknemia, 281, 289
Platyknemic index, 289
Platymeria, 289
Platymeric index, 289
Platypellic pelvis, 288
Platyrhine skulls, 287
Platysma muscle, 448
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Platysnia luuscle (contd.), action of, 448
Pleura, pulnioiiaiy, 1084
Pleuiv-e, 108 i

blood-vessels of, 913, 926
cervical, 1398
costal, 1085
cupula of, 1084
(liapliragmatic, 1085, 1088
left costo-diapluagniatic reflection of, 1401

ligainentuni i)ulinoiiale of, 1086

lines of reflection of, 1086, 1399
lowest limit of, 1401
lymph vessels of, 1013
mediastinal, 1085, 1086, 1401, 1402
paracentesis of, 1403
parietal, 1084
pericardiac, 1086
phrenico-pleural fascia of, 1089
posterior mediastinal, 1402
pulmonary, 1084
relation of, to kidney, 1401

to oesophagus, 1152

to twelfth rib, 1401
right costo- diaphragmatic reflection of,

1399
sinus costo-mediastinalis of, 1094

phrenico-costalis of, 1093
stomata of, 1091
structure of, 1091

surgical anatomy of, 1399
vertebral line of, 1087

Pleural cavity, 1083
veins, 963

Pleuro-pericardial canal, 72

Plexus or Plexuses, annular, of cornea, 810
ano-coccygeal, 738
aortic, 762, 765
basilar venous, 974
brachial, 700

communications of, 700
composition of, 700
infra-clavicular branches of, 703
lateral cord of, 703
medial cord of, 703
morphology of, 742, 743
position of, 700
posterior cord of, 701

primary cord of, 700
secondary fasciculi of, 701
supra-clavicular branches of, 702
surgical anatomy of, 1395
variations in, 752

cardiac, deep, 759, 789, 790, 791, 880
superficial, 757, 789, 880

carotid, 767
external, 757

cavemosus, clitoridis, 766
penis, 766

cavernous, 759, 766
cervical, 694

ascending branches of, 695
branches of, 695
communications of, 697, 698
cutaneous brandies of, 695
descending branches of, 696
lateral branches of, 695, 696
medial branches of, 695, 697
morphology of, 700
muscular branches of, 696, 697

superficial cutaneous of, 695
posterior, 688, 690

morphology of, 691

Plexus or Plexuses (contd.), chorioid, of fourth

ventricle, 553, 636
development of, 552

of lateral ventricle, 635
of inferior horn of, 636
development of, 635

of third ventricle, 617
coccygeal, 738
cceliac, of sympathetic, 761, 763, 765
coronary, 765

anterior, 791
posterior, 791

deferential, 765
dental, superior, 775
diaphragmatic, 765
fundamental, of cornea, 810
haemorrhoidal, 766

external venous, 984
internal venous, 984

hepatic, 765
hypogastric, 763, 1321

of sympathetic, 766
inferior mesenteric, 765
infra -orbital, 777
of limbs, 680

composition of, 742
development of, 743
distribution of nerves of, 750
formation of, 680
morphology of, 741
significance of, 753
trunks of, 742
variations in, 752

lumbar, 719
connexions of, with sympathetic, 719
constitution of, 719
subdivisions of, 720
variations in, 752

mesenteric, inferior, 732
superior, 766

myenteric, of intestines, 1185, 1210
of stomach, 1177

obturator, 723
oesophageal, 787, 788

anterior, 791
posterior, 791

ovarian, 765
pampiniform, 983
patellar, 726
pelvic, of sympathetic, 766
pharyngeal, 788

ascending, of sympathetic, 756
venous, 965

posterior cervical, 689
morphology of, 692

sacral, 691
morphology of, 692

post-vertebral venous, 976
prostatic, 766

(sympathetic), 766
prastatico-vesical (venous), 985
pterygoid (venous), 968
pudendal, 735

branches of, 736
morphology of, 740
position and constitution of, 735

pulmonary, 781
anterior, 791
posterior, 787, 791

renal, 765
sacral, 727

anterior branches of, 727
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Plexus or Plexuses, sacral (contd.), articular

branches of, 729
communications of, witli sympathetic,

727
muscular branches of, 728, 729
position and constitution of, 727
terminal branches of, 729

spermatic, 765
splenic, 765
subclavian, of sympathetic, 759
subepithelial, of cornea, 810
submucous, of intestine, 1177
subperitoneal (Turner), 935
subpleural (arterial), 913
superior mesenteric, 765
suprarenal, 765
thyreoid, 759
tonsillar, 1147
tympanic, 759
uterine, 765, 766

venous, 985
utero-vaginal, 985, 1321

vaginal, venous, 766, 985
vertebral, venous, 976

external (venous), 976
of sympathetic, 759

vesical, 766, 1321

venous inferior, 985
superior, 985

Plica or Plicse, alares of knee-joint, 348

aryepiglottic, 1068
circular, of intestine, 1180
duodeno-jejunal, 1185
duodeno-mesocolic, 1185
fimbriata, 1108, 1128
glosso-epiglottic median, 1067, 1126

ileo-csecal, 1218
inguinal, 1296
lacrimal, of Hasner, 825
longitudinal, of duodenum, 1186
palmatse of uterus, 1317
pharyngo-epiglottic, 1126
pubo-vesical, 1237
recto-uterine, 1226, 1238
salpingo-palatine, 1143
salpingo-pharyngeal, 1143
semilunar, of the colon, 1212

of the conjunctiva, 821
sublingual, 1108
synovial, of the patella, 348
transversales of rectum, 1226, 1230
triangular, of the tonsil, 1146

tubari, 1315
umbilical, lateral, 1235

medial, 1235
ureteric, 1277
urogenital, 1334
ventricular, 1070
vesical, transverse, 1238
vocal, 1070

Plugging the posterior uares, 1385

Pogonion, 286
Point, alveolar, 285

jugal, 286
occipital, 285
subnasal, 285
supra-auricular, 286

Polar bodies, 15, 19
projection, 15, 20

first, 15, 20
second, 15, 20

Poles of lens, 820

Polyniasty, 1338
Polymorphic cells, 645
Polyphyodont dentition, 1248
Polythely, 1338
Pons hepatis, 1192

(Varolii), 540, 548, 567
acoustic area of, 551, 604
anterior medullary velum, 549
brachium of, 566

conj unctivum, 549, 569
pontis, 548

central tegmental tract of, 564
cerebro-pontine fibres of, 566
connexions of longitudinal and transverse

fibres of, 566
corpus ponto-bulbare of, 555

trapezoideum of, 567
development of, 33, 514, 592
dorsal or tegmental part of, 567
eminentia medialis of, 551
external arcuate fibres of, 555
fasciculi longitudinalis of, 565
fasciculus obliquus of, 549, 555

circumolivaris pyramidis, 555
fovea superior of, 551
gray matter of, 564
internal arcuate fibres of, 556
internal structure of, 565 et seq.

lemniscus fibres of, 566, 570
locus coeruleus of, 551
medial longitudinal bundle in, 558, 568
mesencephalic root of trigeminal nerve in,

569
nuclei of, 565, 566, 567

arcuate of, 555
olivary nuclei of, 567
origin of, 516, 567, 569
pars basilaris of, 565
position and connexions of, 540, 541

pyramidal tract in, 565
raphe of, 558, 567
restiform body in, 567
reticular formation of, 567
spinal root of trigeminal nerve in, 567
substantia ferruginea of, 370, 551
sulcus basilaris of, 548
tegmental part of, 567
transverse fibres of, 566, 567
veins of, 971
ventral portion of, 565

PonticuliLS, 829
Pontine flexure of brain, 514
Popliteal artery, 951

fascia, 405
fossa, surgical anatomy of, 1437, 1457

groove, 243
line of tibia, 249
lymph glands, 1014
surface of femur, 242
vein, 986

abnormality of, 1060
Popliteus fascia, 420

muscle, 429
action of, 429

minor, 429
Pore, gustatory, 854
Porta hepatis, 1190
Portal canals, 1200

system, development of, 1036, 1037

vein, 990
Portio supravaginalis cervicis uteri, 1316

vaginalis cervicis uteri, 1316
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Porus siidorileius, 861 •

Position of kidneys, 1257, 1258

of lui'tliral orihcc in bladder, 1274

Post -anal gut, 48
Post-auditory process, 132, 133

Post-auricular ]K)int, 1359

Post-l)rancliial bodies, 43
Post-central anastomoeiss 1044

arteries, 1044

Sjyri,
6G2, 663

ine, 1360
Post-coronal de})ression, 166

Post-costal anastoniases, 1045

Posterior commissure of brain, 821

cutaneous nerve of tliigli, surgical anatomy
of, 1457

rami of lumbar nerves, 691

niorjOiology of, 691

of sacral and coccygeal nerves, 691

of spinal nerves, 687

of tlioracic nerves, 690
Postero-lateral tract of spinal medulla, 534

Post-glenoid tubercle, 126

Post-neural anastomoses, 1044

Post-pliaryngeal lymph glands, 1000
Post-sphenoid bone, 138

Post-transveree anastomoses, 1045

Post-vertebral venous plexus, 976

Pouch of Douglas, 1226
relation of, to uterus, 1319

surgical anatomy of, 1435, 1436

branchial, 42
duodenal, 1185, 1186
pharyngeal, 42

of Prussak, 842

of Rathke, 49
recto-genital, 1226
recto-vesical, 1226

surgical anatomy of, 1434

utero-vesical, 1238, 1317

vessels, 42

Poupart, inguinal ligament of, 477
surface anatomy of, 1458

line of, 1411

plane of, 1411

Prajcentral sulci, 665

sulcus, surface anatomy of, 1360
Pryecordial area, outline of, 1403
Praecuneus, 662
PrtB-interj)arietal bone, 277

Prielaminar arteries, 926
Praeputium clitoridis, 1324, 1326

penis, 1299

Prievertebral fascia, 448
muscles, 467

Pre-aortic lymph glands, 1012

Pre-auiicular lymph gland, 998
point, 1359

Pre-basi-occipital bone, 278

Precentral line, 1360
Precervical duct, 43

sinus, 43, 76
sulcus, 43

Prechordal jiart of basis crauii, 291

portion of skull, 291

Precoracoid, 295

Precostal auastomases, 1044

Prehallux, 295

Prelaminar anastomoses, 926

Prelaryngeal lymph glands, 1001

Premaxillas 150

ossification of, 150

Premaxillary suture, 150

Premolar teeth, 1117

Preneural anastomoses, 1044

Prej)atellar bui-sa, 1460
Prepollex, 295
Prepuce, 1326

Preputial glands, 1299

Presphenoid bone, 291

Presternum, 107

Pretracheal glands, 10f)l

Prevertebral arteries, 896

fascia, 448, 467, 1386

muscles, 467
Prickle-cells, 857
Primary optic vesicle, 33
Primitive alimentary canal, 4 I

aortaj, 67
branches of, 1027
morphology of, 1040

brain, late of cavities of, 36

cerebral vesicles, 33
?;roove, 23
leart, 1026
streak, 26
vascular system, 1025

Primordial bones, 292

Priuceps cervicis artery, 895
poUicis artery, 921

Prismata adamantina, 1245, 1247

Pro-atlas, 278
Process or Processes ; Processus

—

accessory, of the vertebrae, 96

acromion, 203, 204

alar, of ethmoid, 140

alveolar, of maxilla, 148
absorption of, 197

angular medial, of frontal l)one, 115

surface anatomy of, 1360

anterior mallei, 840
articular, 89

of cervical vertebrae, 91

of lumbar vertebra?, 96
of sacrum, 97

of thoracic vertebrae, 93
basilar, 120, 123
of calcaneus, 259
capitular, of vertebra, 284

ciliary, 812
clinoideus anterior, 135

medius, 135
posterior, 135

cochleariformis, 128
surgical anatomy of, 1368

coHchal, of ethmoid, 141

surgical anatomy of, 1378

condyloid, of mandible, 156

coracoid, 201
morphology of, 295
ossification of, 204
surface anatomy of, 1445
variations in, 280

coronoid, 156, 210
surface anatomy of, 1325

dens, 92
ossification of, 105

epicondylic, of humerus, 280
surface anatomy of, 1449

ethmoidal, of inferior concha, 143
facial, of parotid gland, 1136
falciformis, of sacro-tuberous ligament, 337
frontal, of maxilla, 145, 148
of frontal bone, 117

100
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Processor Processes (contd.), fronto-nasal, 49

fronto-splienoidal, of zygomatic bone, 153

funicular, of peritoneum, 1409

globular, 49
hamulus, of lacrimal, 143

of OS bamatum, 221

of sphenoid, 138
surgical anatomy of, 1385

intermaxillary, 49

intrajugular, 122

jugular, 172, 177

lacrimal process of inferior concha, 143

lateralis mallei, 840
nasalis, 49
tali, 254
tuberis calcanei, 259

lenticularis incudis, 840

mamillary, of the vertebra, 96

marginal, of zygomatic bone, 153

mastoid, 128
maxillary, of inferior concha, 143

of mandibular arch, 48, 49, 50, 149

first appearance of, 48, 149

of palate bone, 152

medialis tuberis calcanei, 259

muscular, of vertebrae, 89

muscularis of arytsenoid, 1065, 1074

olecranon, 210
surface anatomy of, 1449

orbital, of palatine bone, 152

jjalatine, 50, 148, 149

paramastoid, 278
paroccipital, 278
petrosal, 135

phalangeal, of lamina reticularis, 851

of rods of Corti, 851

post-auditory, 133
pterygoid, 137, 174

pterygo-spinous, 137

pyramidal, of palate bone, 152

reticularis, 524
sphenoidal, of palate bone, 152

septi cartilaginous, 801

spinous, of cervical vertebrae, 90

of lumbar, 95
of sacral, 97

serial homologj^ of, 283

surface anatomy of, 1436

of thoracic vertebrae, 93

styloid, 177

of radius, 216
surface anatomy of, 1450

temporal, 127

ossification of, 132

relation of, to jugular foi-amen, 177

root of, 177

of third metacarpal bone, 225

of ulna, 213
temporal, of zygomatic bone, 153

of Tomes, 1247

transverse, of atlas, 1391

of the cervical vertebr«i, 90

lumbar, 95
sacral, 98
serial homology of, 284

surface anatomy of, 1437

thoracic, 93
trochlear, 260

of calcaneus, 260
tubarius, of pterygoid process, 838

tubercular, of vertebra;, 284

uncinate, of ethmoid, 141

Process or Processes, uncinate (contd.), of

pancreas, 1203
vaginal, of the peritoneum, 1295, 1319

surgical anatomy of, 1409

of sphenoid bone, 177

of temporal bone, 127

vermiform, 1215
vocal, of arytaenoid, 1070
xiphoid, 108
zygomatic, of frontal, 115

of maxilla, 148
of temporal, 126

Proctodaeum, 42
derivative of, 50

Profunda brachii artery, 91

8

branch of ulnar artery, 918
cervicis artery, 914
clitoridis artery, 942

femoris artery, 949
abnormalities of, 1057

branches of, 949
linguae artery, 892, 1130

penis artery, 942
Prognathous skulls, 287
Projection fibres of cerebrum, 651

Prominentia canalis facialis, 833

laryngea, 1062, 1077
surface anatomy of, 1387

spiralis, 849
styloidea, 834

Promontorium cochleae, 1368

of sacrum, 98
surgical anatomy of, 1444

tympani, 832
Pronation, 328, 401
Pronator quadratus muscle, 390

action of, 391

teres muscle, 385
action of, 385

Pronephros, 1327
Pronucleus, female, 16

male, 20
Pro-otic part of temporal bone, 131-132

Prophase, 9

Prosencephalon, 514, 607
development of, 33, 514

diencephalon of, 608
development of parts of, 608

telencephalon of, 608
Prostate, 1301

anterior surfaces of, 1301

apex of, 1302

base of, 1301
capsule of, 1429
development of, 1335

ducts of, 1303
fibrous sheath of, 1302

glandular jiart of, 1301, 1303

lateral lobes of, 1302

surfaces of, 1301

middle lobe of, 1302

nerves of, 1304
jjosterior surface of, 1302

pudendal plexuses of, 1302

senile hypertrophy of, 1429

sheath of, 1429
structure of, 1303
surgical anatomy of, 1429

vessels and nerves of, 1304

Prostatectomy, 1429

perineal, 1430
supra-pubic, 1429
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Prostatectomy {contd), total, 1430
Prostatic urethra, 13r)5

dev'elopment of, 1335
utricle, 1306

Prostatico-vesical venous plexus, 985
Prosthion, 288
Protoplasm, 8
Protoplasmic process of Deiters, 507
Protovertebral somites, 28
Protuterance, mental, 155

occipital, external, 121

internal, 121

Prussak, pouch of, 842
Psoas abscess, 1439

major muscle, 410
actions of, 411

minor, 410
actions of, 411

Pterion, 166, 179, 285
surface anatomy of, 1360

Pterotic part of temporal bone, 132

Pterygoid artery of internal maxillary, 900
of internal carotid, 902

canal, 138, 175
fossa, 174
lamina, lateral, 137

medial, 137
muscles, 455-457

actions of, 458
nerves, 457
notch, 137

plexus, venous, 968
process, 137
ridge, 137
tubercle, 138
venous plexus, 968

Pterygo-palatine canal, 147

fossa, 138
sulcus, 138

Pterygo-spinous ligament, 313
process, 137

Pubic branch of inferior epigastric artery, 945
of obturator artery, 940

crest, 233
sexual diflference of, 238
surface anatomy of, 1458

ligaments, 337
lymph glands, 1015
sinus, 197

tubercle, 233
surface anatomy of, 1458

vein, 988
Pubis, 232
morphology of, 296

Pubo-capsular ligament, 340
Pubo-cavernosus muscle, 488
Pubo-coccygeus muscle, 494
Pubo-prostatic ligaments, 493, 1429

Pubo-rectalis muscle, 494
Pudendal artery, accessory, 1056

external, deep, 948
superficial, 948

internal, 940
surgical anatomy of, 1428

nerve, 738
plexus, 766
veins, 985
venous plexus, 735, 1439

branches of, 736
morphology of, 740

Pudendum muliebre, 1324
Pulled elbow, 1449

Pulmonary artery, 882, 1097, 1405

abnormalities of, 1051

development of, 68
morphology of, 1047

surface anatomy, 1408

nerves, 786, 788, 791
orifice, 878

surface anatomy of, 1405

plexus, 786, 788
anterior, 788, 791

fiosterior, 786, 791

ve, 877
vascular svstem, 882, 958
vein, 958,'l097

orifices of, 875
vessels, 1099

Pulp cavity of spleen, 1353

of tooth, 1114
Pulvinar of thalamus, 611

Puncta lacrimalia, 825

surgical anatomy of, 1377

PupUla, 814
dilator of, 814
sphincter of, 814

Pupillary border, 814
membrane, 813

Purkinje, cells of cerebellum, 580, 581

fibres of, 879
Purple, visual, 815

Putamen of lentiform nucleus, 639
Pyloric antrum, 1169

artery, 930
morphology of, 1047

canal, 1169
changes in, during digestion, 1173

ligaments, 1174
portion of stomach, 1165, 1166, 1169, 1173
sphincter, 1163, 1166, 1173
valve, 1173, 1174
vein, 992
morphology of, 1048

Pylorus, 1169
surgical anatomy of, 1416, 1417

Pyramid of cerebellum, 576
of medulla oblongata, 545

Pyramidal cells, 645
lobe of thyreoid gland, 1347
process of palatine bone, 152

I

tract, 538, 545, 565
Pyramidalis abdominis muscle, 481

I
Pvramids of medulla oblongata, 545, 557,

558
decussation of, 557

renal, 1265

of tjTupanic cavity, 834

\

of vestibule, 843

j

Pyrenin, 8

Quadrate lobe of liver, 1193, 1194
Quadratus femoris muscle, 418

action of, 418
labii inferioris muscle, 451

superioris muscle, 450
angular head, 450

action of, 454
infraorbital head, 451

action of, 452
lumborum muscle, 485

Quadriceps (extensor) femoris muscle, 406
action of, 409

Quadrigeminal bodies, 585, 586
development of, 34, 592
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Racemose glands, 1132

Radial artery, 919
fossa, 211
groove in upper arm, 207
nerve, 710

surgical anatomy of, 1448
variations, 742

Radiale, os, 295
Radialis indicis dorsalis artery, 920
Radiatio or Radiation

—

acoustic, 643, 656
of corpus collosum, 631

pars occipitalis of, 631

striatum, 639
occij^ito-tlialamic, 620, 643, 658
optic, 620, 643, 658
thalamic, 610
thalamo-occipital, 658
tlialamo-temporal, 656

Radicular cells, 528
veins of medulla oblongata, 972

Radii lentis, 820
Radio-carpal joint, 328

movements at, 329
surgical anatomy of, 1450
synovial stratum of, 329

Radiography of stomach, 1417
Radio-humeral joints, 323
Radio-ulnar joint, distal, 327

proximal, 326
Radius, 214

architecture of, 272
connexions of, 213
homology of, 295
movements of, on ulna, 213
ossification of, 217
surgical anatomy of, 1449, 1450
A^ariations in, 272

Radix or Root, anterior nervorum spinalium,

685
arcus vertebrae, 88, 90, 93, 95, 97

brevis ganglii ciliaris, 759
cochlearis nervi acustici, 604, 852

dentis, 1114

descendens mesencephalica n. trigemini, 569,

601, 602
lateralis tractus optici, 378, 384
linguae, 1125
longa ganglii ciliaris, 773
medialis tractus optici, 378, 574

mesenterii, 1208

nasi, 799
nervi facialis, 781

penis, 1299
pili, 859
posterior nervorum spinalium, 685

pulmonis, 1096
sympathica ganglii ciliaris, 759

submaxillaris, 757
unguis, 858

Rami communicantes, gray, 694, 754

cervical, 694, 759
development of, 681

functions of, 755
lumbar, 719

of plexus, brachial, 700
cervical, 69 1, 759
lumbo-sacral, 719
pudendal, 736

of thoracic nei-ves, 716, 717, 761

Rami communicantes, white, 680, 692
cervical, 697

Rami communicantes, white {contd.), develop-
ment of, 680

lumbar part of, 762
of lumbo-sacral plexus, 719, 762
of pelvic plexus, 762
of pudendal plexus, 737
of sacral plexus, 719
of solar plexus, 762
of thoracic sympathetic, 759, 760, 761

Ramus, Rami or Branches (of arteries^

—

acetabuli, 949
acromialis of thoraco-acromial artery, 916

of transverse scapular artery, 912
ad pontem, 907
anterior A. thyreoidese superioris, 892
ascendens A. circumflexse femoris lateralis

949
A. transversse colli, 911

auriculares anteriores, 896
auricularis arterise occipitalis, 895

posterioris, 896
bronchial, 925
calcanei, 953

medial, 955
carotico-tympanicus, 902
carpeus dorsalis A radialis, 920

dorsalis A. ulnaris, 923
volaris A. radialis, 920

ulnaris, 922
circumflexus A. coronariae sinistrse, 887

cochlearis A. auditivae internae, 853, 907
communicans A. tibialis posterioris, 953
communicans A. peroneae, 953
cricothyreoideus, 892
cutanei anteriores (pectorales et abdominis),

926
deltoideus, 916
descendens anterior A. coronariae sinistrae,

887
A. circumflexae femoris lateralis, 949

A occipitalis, 895

A. transversse colli, 911

posterior A. coronariae sinistrae, 887

dexter A. hepaticae, 930
dorsalis A. costo-cervicalis, 914

A. linguae, 892

A. lumbalium, 935
duodenales A. gastroduodenalis, 930
epiploici A. gastroepiploicae dextrae, 930
fibularis, 956
frontalis A. temporalis superficialis, 897
glandulares A. maxillaris externae, 893

A. thyreoideae inferioris, 911

hyoideus A. thyroideae superioris, 892

hyoideus A. lingualis, 892
iliacus A. iliolumbalis, 938
intercostales A. mammariae internae, 913
intestini tenuis, 932
mammarii externi A. thoracalis lateralis,

916
mammarii A. mammariae internae, 913
mammarii laterales A. intercostalium,

926
mediales A. intercostalium, 926

mastoideus A. occipitalis, 895
A. auricularis posterioris, 895

mediastinales aortae, 925
meningeus accessorius, 899

A. occipitalis, 895
A. vertebralis, 907

mylohyoideus, 899
occipitalis A. auricularis posterioris, 896
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Ramus, Rami or Branches (of arteries) (contd.),

a'sopliagei aortai, 925
A. gastiiciu sinistne, 929

ovarii A. uterinoe, 940
paiicreatici A. lieiialis, 929

A. i)aiici'ealico(luo(leiiali8 suijerioris, 930

parotidei A. tempoialiH supei-ficialis, 896

IJarietalis A. temporalis .superticialis,

897
pectorales A. tlioracoacromialis, 916
jjcrl'uraiis A. tibialis posterioris, 953

A. manimariaj iiiteriue, 913
A. luetacarpalium volarium, 924
A. metatarsalium plantarium, 955

pericardiaci aortie, 925
petrosus superficialis A. maxillaris intemai,

898
pharyngei A. pbaryngeie ascendentis, 896

posterior A. tliyreoideie superioris, 892

A. obturatorite, 940
A. intercostalium, 926

l^terygoidei A. maxillaris iiiteriue, 899

pubic A. epigastricte inferioris, 945
pubicus A. epigastricaj inferioris, 945
pubicus A. obturatori*, 940
saphenus, 951
sinister A. hepaticai, 930
spinalis A. iliolumbalis, 938

A. intercostalis suprema^, 914

A. intercostalium, 926
A. lumbalium, 935
A. sacralis lateralis, 938
A. vertebralium, 907

stapedius A. stylomastoideae, 895
sternomastoideus A. thyreoidese superioris,

892
supi-arenales superiores, 933
tousillares A. maxillaris externse, 893
tracheales A. thyreoidete inferioris, 911

tubarius A. uterinte, 940
vestibular A. auditivie interna^, 853
volaris profundus, 923

superficialis, 919
Ramus or Rami or Branches (of nerves)

—

alveolares superiores anteriores, 777
posteriores, 775

alveolaris superior mediiis, 777
anastomotici cum nervo faciali, 780

hypoglosso, 780
anastomoticus cum chorda tympani, 781

nervo auriculo-temporali, 781

N. facialis cum nervo glossopharyngeo,

782
N. mediani cum nervo ulnari, 707
N. vagi cum nervo glossopharyngeo, 788

cum nervo laryngeo inferiore, 789
cum ramo auriculari nervi vagi, 788

anastomoticus peronaeus, 730
anterior nervi obturatorii, 722
anterior nervorum spinalium, 692

rami cutanei lateralis (pectoralis et ab-
dominalis), 692, 714, 716, 717

anteriores N. thoracalium, 692, 713, 714-717
nervorum cervicalium, 692

lumbalium, sacralium, coccygeorum, 719
auricularis N. vagi, 788
buccales N. facialis, 784
calcanei mediales, 734
cardiaci inferiores N. vagi, 789

superiores N. vagi, 789
cceliaci N. vagi, 789
colli N. facialis, 784

Ramus or Rami or Branches (of nerves) {confJ.),

communicans nervorum spinalium,

687
communicantes ganglii submaxillaris cum

nervo linguali, 780
cutanei anteriores nervi femoralis, 724

cruris mediales, 724

cutaneus anterior (])ectoralis et abdominalis),

692, 714, 716, 717
cutaneus anterior nervi ilio-hypogastrici, 720

lateralis (pectoralis et abdominalis), 720

nervi ilio-hyi)ogastrici, 720
nervorum thoracalium, posterior rami

of, lateral cutaneous branch of, 716,

717
medialis nervorum thoracalium, 690

medial cutaneous branch of, 690
nervi ol)turatorii, 723
volaris nervi ulnar is, 709

dentales inferiores, 780
superiores, 775

descendens N. hypoglossi, 794
digastricus N. facialis, 783
dorsalis manus nervi ulnaris, 709
externus nervi accessorii, 793

laryngei superioris, 788
frontalis nervi oijlithalmici, 772
gastrici N. vagi, 789
hepatici N. vagi, 789
inferior nervi oculomotorii, 770
inferiores nervi cutanei colli, 618
infrapatellaris, 726
internus, nervi accessorii, 793

laryngei superioris, 788
isthmi faucium, 780
labiales inferiores N. mentalis, 770

superiores N. maxillaris, 777
laryngo-pharyngei, 756
lateralis ramorum posteriorum nervorum

cervicalium, 688, 690
N. lumbalium, 690

nervorum sacralium et coccygei, 691
lienales nervi vagi, 789
linguales N. glossopharyngei, 786

N. hypoglossi, 795
N. lingualis, 780

margiiaalis mandibuke, 784
mediales ramorum posteriorum N. cervi-

calium, 688, 690
medialis ramorum posteriorum N. lumba-

lium, 690
nervorum sacralium et coccj^gei, 691

membranie tympani N. auriculo-temporalis,

780
meningeus nervi vagi, 788
nervorum spinalium, 686

mentales nervi mentalis, 780
musculares nervi axillaris, 710

femoralis, 724
ilio-hypogastrici, 720
ilio-intjuinalis, 721

ischiadici, 728
mediani, 705
musculo-cutanei, 704
peronaei, 730

profundi, 730
superficialis, 731

radialis, 633
tibialis, 732
ulnaris, 709

nervorum thoracalium, 716, 717
plexus lumbalis, 720
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Ramus or Rami or Branches (of nerves) (contd.),

nasales extern! N. naso-ciliaris, 773
interni N. naso-ciliaris, 773
laterales N. naso-ciliaris, 773
mediales N. naso-ciliaris, 773

occipitalis N. auricularis posterioris, 783
oesophagei N. vagi, 788
orbitales ganglii spheno-jjalatini, 778
palmaris nervi mediani, 705
palpebrales inferiores nervi maxillaris, 777
palpebralis inferiornervi infra-troclilearis, 773

superior nervi infra-troclilearis, 773
parotidei nervi auriculo-temporalis, 780
pericardiacus nervi phrenici, 699
perineales nervi cutanei femoris posterioris,

737
pliaryngei nervi glosso-pharyngei, 786

nervi vagi, 788
jjlirenico-abdominales nervi pbrenici, 699
posterior nervi obturatorii, 723
nervorum sjDinalium, 687

posteriores nervorum cervicalium, 688, 690
lumbalium, sacralium, coccygeorum, 690,

691
tboracalium, 690

profundus nervi jDlantaris lateralis, 734
radialis, 712
ulnaris, 709

pulmonalis partis thoracalis sympatliici,

761
renales N. vagi, 789
renalis nervi splancbnici minoris, 765
stylobyoideus, 783
stylopliaryngeus, 786
submaxillares ganglii submaxillaris, 780
superficialis N. plantaris lateralis, 735

nervi radialis, 712
N. ulnaris, 709

superior N. oculomotorii, 770
superiores nervi cutanei colli, 696
temporales N. facialis, 783

superficiales N. auriculo-temj3oralis, 780
tbyreohyoideus N. bypoglossi, 795
tonsillares N. glossopharyngei, 786
tracheales nervi recurrentis N. vagi, 789
tubte plexus tympanici, 786
idnarLs nervi cutanei antibrachii medialis,

710
volaris nervi cutanei antibrachii medialis,

710
zygomatici N. facialis, 784
zygomatico-facialis, 776
zygomatico-temporalis, 776

Ramus anterior ascendens fissurse cerebri

lateralis, 653
anterior horizontalis fissurse cerebri lateralis,

663
posterior fissuree cerebri lateralis, 653

Ramus bronchialis eparterialis, 1097
bronchialis hyperarterialis, 1097

Ramus ossis ischii inferior, 232
superior, 232

mandibulte, 156
surgical anatomy of, 1375

pubis inferior, 234
superior, 233

Raphe medulhe oblongata, 554, 561

palati, 1110
pharyngis, 464, 1149
pontis, 558
scroti, 1297
of tongue, 1129

Rathke, pouch of, 49
Recess or Recessus, aqueductus vestibuli, 843

cochlearis, 843
duodenojejimal, 1185
ellipticus vestibuli, 843
epitympanic, 832
ileocaecal, 1218

inferior, 1218
superior, 1218

infundibuli, 618
intersigmoid, 1223
labyrinthi, 858
lateral, of fossa rhomboidea, 57

1

of pharynx, 1144
naso-palatine, 802
optic, 618
paracolic, 1219
parotid, 1133
jjliaryngeus, 1144
pinealis, 618
piriformis, 1069, 1147
retrocsecalis, 1219
sacciformis articulationis radio-ulnaris dis-

talis, 327
sphsericus vestibuli, 843
spheno-ethmoidalis, 802
supra-pinealis, 618
utriculi, 846

Recesses of Troltsch, 842
Rectal examination, 1430, 1431

fascia, 1228
of female, 1436

lymph glands, 1015, 1016, 1017
triangle of perinaeum, 1427

Recto-coccygeus muscle, 1229
Recto-genital folds, 1317

pouch, 1226
Recto-uterine fold, 1317

muscle, 1238
Recto-vaginal fold, 1317
Recto-vesical fascia, 493

pouch, 1226
surgical anatomy of, 1434

Rectum, 1224
ampulla of, 1226, 1227

anal orifice of, 1230
in child, 1228
columns of, 1230
course of, 1224
curvatures of, 1224
development of, 1252
general relations of, 1228
lateral flexures of, 1224
nerves of, 1233
pars analis of, 1228
peritoneal relations of, 1226

pits of, 1230
plicse transversales of, 1225, 1230

removal of, 1433
sphincter of, 1229
structure of, 1229
surgical anatomy of, 1430
valves of, 1230, 1231
variations in, 1233
vessels of, 1232

Rectus abdominis muscle, 481

capitis anterior muscle, 468
lateralis muscle, 470
posterior major muscle, 444

minor muscle, 444
femoris muscle, 407

action of, 409
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Rectus imiscles oforliit, iiiicriur, 453
lateral, 453
medial, 453
superior, 453

actions of, 454
Recurrent artery, 924

nerve, surgical anatomy of, 1394

Red marrow, 83
nucleus, 613

origin of, 516
Refracting media of the eye, 819
Region, frontal, 667

of brain, 665
hypothalamic, 613
prtecentral, 660

Regiones abdominis, 1158
Reichert, cartilage of, 159

Reid, base line of, 1360
Reil, island of, 654, 655
Reissner, niembi'ane of, 849
Renal artery, 927

corpuscles of kidney, 1266
development of, 1331

fascia, 1425
impression on liver, 1194

l)lexus, 765
vein, 982

Reproduction of cells, 8
Reproductive cells, 11

oi'gans, female, 1310
male, 1286

Ijulbo-urethral glands, 1286

duct, ejaculatory, 1286

ductus deferens, 1286
epididymis, 1286, 1287
penis, 1286
prostate, 1286
scrotum, 1286
testis, 1286
vesicula seminalis, 1286

Reserve germs of teeth, 1244

Respiration, movements of, 474
muscles of, 470, 474
organs of, 1061

Respiratory system, 1061

development of the, 42, 44

Restiform body, 547, 562
development of, 562
functions of, 563
structure of, 562

Rete testis, 1288 ~

venosum dorsal is nianus, 978
pedis, 989

vertebrarum, 976
Reticular process, 524

substance, 524
structure of, 564

Retina, 814
bacillary layer of, 817
bipolar cells of, 816
blind spot of, 815
blood-vessels of, 818
cone-granules of, 817

cones of, 817

development of, 827

excavatio nervi optici, 815

fovea centralis of, 815

ganglionic layer of, 816

granule layer of, 817, 818

horizontal cells of, 817

inner molecular layer of, 816

nuclear laver of, 816, 817

Retina (contd.), macula lutea, 815

membrante limitantes of, 817
nervous lamina of, 814
optic cup of, 815

disc of, 815
ora serrata of, 815
papilla nervi optici, 815
pars ciliaris relinje, 815

iridica retinae, 815
ojjtica retinae, 815

pigment of, 817
relation of optic fibres to, 620
rod-granides of, 817
rods of, 817
spongioblasts of, 817
stratum opticum of, 815

pigmenti of, 817
.structure of, 815

of macula lutea of, 818
of ora serrata of, 818

sustentacular fibres of, 815, 817

vessels of the, 818
visual purple of, 815, 817

Retinacula cutis, 856
of hip-joint, 340

Retinacidum, superior peroneal, 422

Retinal layer of optic vesicle, 825
Retro-caecal fossae, 1218
Retro-colic fossae, 1219
Retro-pharyngeal abscess, 1386
Retzius, sjjace of, 493, 1429

striae of, 1122
Rhinencephalon, 627, 682
development of, 33

Rhinion, 285
Rhinoscopy, anterior, 1378

posterior, 1385
Rhodopsin, 815
Rhombencephalon, 514, 515
development of parts of, 515
isthmus of, 515

Rhombic lip, 554
Rhomboideus major muscle, 368
minor muscle, 368

actions of, 369
Rib, eleventh, 113

first, 109
second, 112

tenth, 113
twelfth, 113

surface anatomy of, 1437, 1442
Ribs, 109

angle of, 109
architecture of, 109

cartilages of, 113, 315
cervical, 90, 104
false, 109
floating, 109, 112
head of, 109
lumbar, 104, 277, 284
movements of, 317
ossification of, 112
peculiar, 109
shaft of, 109
surface anatomy of, 1401

true, 109
tubercle of, 109
typical, 109
variations in, 276
vertebral, 109
vertebro-chondral, 109
vertebro-sternal, 109
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Ridge, epicoudylic, 207
surface anatomy of, 1449

interosseous, of fibula, 252
of tibia, 248

intertrochanteric, 240
pectoral, 206
pterygoid, 137
superciliary, 116

surface anatomy of, 1374

temporal, 116
trapezoid, 199

Wolffian, 39
Riedel's lobe of liver, 1195

Rima glottidis, 1070
surface anatomy of, 1388

oris, 1106
palpebrarum, 821

pudendi, 1324
vestibule, 1070

Ring, abdominal inguinal, 1408

femoral, 405
fibro-cartilaginous, of membrana tympani,

834
subcutaneous inguinal, 477, 1408

crura of, 477
intercrural fibres of, 477

tympanic, 133

Riolan, muscle of, 823

RisoriiLS mascle, 451
Rivinus, ducts of, 1139

notch of, 834
Rod-bipolars of retina, 816

Rod-granules of retina, 816

Rods of Corti, 850
head-plate of, 850
phalangeal processes of, 851

retinal, 817
Roof of fourth ventricle, 578
Roof-nucleus, 577
Roof-plate, 31, 502
Root of lung, 1096

surface anatomy of, 1442, 1440

Roots of aortic arch, 1027, 1028

of nerves, 519

of vertebral arches, 88
cervical, 90, 92

lumbar, 95
thoracic, 93

Rosenmiiller, fossae of, 1144
surgical anatomy of, 1434

organ of, 1315
Rostrum of corpus callosum, 630

of sphenoid, 135

Rotation of joints, 303
Rotator humeri muscles, 373, 377

Rotatores dorsi muscles, 445

Round ligament of liver, 1197
of uterus, 1319

surgical anatomy of, 1434
Rubro-spinal tract, 534, 588

Rudiment of the processus vaginalis, 1296

Ruffini, corpuscles of, 865

Rugte of palate, 1110, 1111

of scrotum, 1297

of stomach, 1165
vaginales, 1323

Running, movements of, 437

Sac, lacrimal, 825
development of, 49
surgical anatomy of, 1377

tooth, 1245, 1246

Sacculus of menibranoLis labyrinth, 846, 848

development of, 52, 854

ductus endolymphaticus of, 847

reuniens of, 847, 854
utriculo-saccularis of, 847

macula acustica of, 847
sinus utricularis of, 847

Saccus endolymphaticus, 847
development of, 52

Sacral arteries, lateral, 938
middle, 935

canal, 99
crest, 97, 98
ganglia, 763
index, 99, 289
lymph glands, 1016
nerves, 691, 702, 727, 735

notch, 96
plexus, 727

anterior branches of, 727

articular branches of, 728
branches of, 727
communications of, vi^ith sympathetic, 727

formation of, 727
muscular branches of, 728

nerves of distribution from, 728

position and constitution of, 727

sympathetic, 766
terminal branches of, 729

veins, 983
Sacro-coccygeal joint, 308

nerves, 691, 738
Sacro-genital fold, 1283, 1318
Sacro-iliac joint, 335

surface anatomy of, 1455

ligaments, 336
Sacro-spin alls, muscles, 439

actions of, 442
surface anatomy of, 1437

Sacro-vertebral angle, 109

sexual differences in, 238

Sacrum, 96
ala of, 98
auricular surface of, 99

canal of, 99
lateral part of, 96
ossification of, 106
posterior surface of, 97

promontory of, 98
level of, 1443

serial homology of, 284

sex differences of, 99
variations in, 275

Sagittal fontanelle, 194

plane, 5

sulcus, 117, 119, 121

suture, 118, 119, 171

Salivary glands, 1113
development of, 1249

structure of, 1140
Salpingo-palatine fold, 838, 1143

Salpingo-pharyiigeal fascia, 838

fold, 838, 1143
muscle, 465

Santorini, cartilages of, 1065

ducts of, 1108, 1138, 1207

tubercle of, 1069
Saphenous artery, 951

nerve, 726
surface anatomy of, 1461, 1463

veins, 988, 989
Sartorius muscle, 406
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SarUnius iuuhcIc (amttl.), action of, 406
Scala tyinpaiii, 845

vestibuli, 845
Scalene tubercle, 111
Scalenus anterior niiiscle, 467

medius muscle, 467
posterior niu.scle, 467

action-s of tliese, 468
Scalp, 448

arteries of, 894, 895, 897
lymph vessels of, 1003, 1357
muscles of, 448
surgical anatomy of, 1357
veins of, 967, 1357

Scaplia auricula', 828
Scapula, 200

acromion, 200
architecture of, 271
axillary margin, 201
connexions of, 204
glenoid cavity of, 201

homology of, 295
ligaments of, 320
movements of, 319
notch of, 201, 202
ossification of, 204
surface anatomy of, 1436, 1444, 1445
variations in, 280

Scapular arteries, circumflex, 917
subscapular, 917
transverse, 911

index, 288
line, 1397
notch, 201, 202

Scapulo-clavicular joint, 318
Scarpa, fascia of, 1427

foramina of, 149, 174
ganglion of, 853

Scheme of the nervous system, 498
Schindylesis, 300
Schneiderian membrane, 804
Schreger, lines of, 1123
Schultze, comma tract of, 533
Sciatic foramen, greater, 229, 337

lesser, 232, 337
foramina, 229, 232, 335
ligaments, 337
nerve, 728

surgical anatomy of, 1456
notch, 229, 252

greater, 229, 232
lesser, 232

Sclera, 807
canal of Schlemm of, 808
development of, 743
foramina of, 808
lamina cribrosa of, 808

fusca of, 808
sinus venosiis of, 808
spatium perichorioideale of, 808
structure of, 808
sidcus of, 807
vascular and nerve-supply of, 808
veniB vorticosoe of, 808

Scleratogenous segment, 29
Sclero-corneal junction, 809
Scrotal arteries, 1298
Scrotum, 1297
development of, 1295
raphe of, 1297
tunica dartos of, 1298

Sebaceous glands, 861

Sebum cutaneum, 861

Secondary bones, 292

chorionic villi, 53
tympanic membrane, 833

Secretory nerves of salivary glands, origin of,

598
Sectiones cerebelli, 579
corporum quadrigeminorum, 584, 586

meduUu; oblongata;, 555, 565
spinalis 523, 539

pontis, 565, 570
telencephali, 633, 636, 638, 641

Segmental arteries, 66, 1043

anastomoses of, 1044, 1045

somatic, 1043, 1045
splanchnic, 1046

type, 2
veins, 1048, 1049

Segmentation cavity, 21

nucleus, 21

of ovum, 15, 21
Sella turcica, 134
Semicanalis m. tensoris tympani, 834

tubae auditivse, 834, 838
Semicircular bony canals, 844

ampullae of, 847
crista ampuUaris of, 848
crus commune of, 844
cupola terminalis of, 848
development of, 854
lateral, 844
posterior, 844
superior, 844

ducts, 847
development of, 52

Semilunar ganglion, 722
space of Traube, 1418

Semimembranosus muscle, 420
action of, 421
bursa, 1458
surface anatomy of, 1458

Seminal vesicles, 1292, 1294
development of, 1335
structure of, 1294
vessels and nerves of, 1295

Seminiferous tubules, 1288
Semispinalis muscle, 442

capitis, 442
dorsi, 442

Semitendinosus muscle, 419
action of, 420
surface anatomy of, 1450

Senses, organs of the, 799
Sensory area of the brain, 662

cells, 497
decussation, 562, 566
tracts of brain, 657

Separation of proximal epiphyses of humerus,
1445

Septal artery of nose, 805
Septo-marginal tract, 535
Septula testis, 1288
Septum or Septa, of aortic biUb, 1035

of aorto-pulmonary artery, 1035
atriorum, 1033
of auricles, 1032, 1033
development of, 1033

canalis musculo-tubarii, 833
cartilagineum nasi, 802
corporum cavemosorum, 1300
femoral, 405
glandis penis, 1298
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Septum or Septa (contd.), intermuscular, of

arm, 378
of foot, 423
of leg, 422
of thigh, 403

intermusculare femoris laterale, 404
mediale, 404
fibulce anterius, 422

l^osterius, 422
humeri laterale, 378

mediale, 378
interventricular, 1035
linguje, 1129
mediastinal, 1083
membranaceum ventriculorum, 878
musculare ventriculorum, 878
nasi, 185, 802

cartilage of, 800
development of, 40, 1033
surgical anatomy of, 1378

orbitale, of eyelids, 822
pectiniform, of penis, 1300
peUucidum, 628, 632
posterior median of, 521
posterius of arachnoid, 672
primum, 1033
scroti, 485
secundum, 1033
sinuum frontalium, 270

sphenoidalium, 271
spurium of heart, 1032
of tongue, 1129
transversum, 68, 74

of semicircular ducts, 848
tubse, 833
of uterus, 1320
of vagina, 1320
ventricular, 878

development of, 1035
Serial homology, 3

of vertebrae, 283
Serous glands, 1132
Serratus anterior muscle, 372

action of, 372
surgical anatomy of, 1446

posterior inferior muscle, 439
superior muscle, 438

actions of, 439
Sesamoid bones, 228, 269

patella, 245
of short muscles of thumb, 228

cartilages of larynx, 1062
of nose, 800

Sexual eminence, 1336
Shaft of the femur, to exjsose the, 1456

of humerus, exposure of, 1449
Sheath, axillary, 1447

carotid, 447
dentinal, 1123
digital, 384

surgical anatomy of, 1453, 1454
of toes, 424

femoral, 405, 475
of flexor longus pollicis, 1453
medullary, 508, 532
mitochondrial, 18

primitive, 508
of prostate, 493
of rectus muscle, 483

Shin, 248
Short bones, 82
Shoulder, bony ]jarts of, 1444

Shoulder (contd.), fasciae of, 373
muscles of, 373

surgical anatomy of, 1444
Shoulder-blade, 200

girdle, 317
movements of, 319

joint, 320
Shoulder-joint, bursse comiected with, 323

movements at, 323, 377
nerves of, 703

Shrapnell, membrane of, 835
Sigmoid artery, 933

colon, 1223
mesocolon, 1223

Sigmoidoscope, examination by, 1433
Sinus, air, 84

aortic, 884
of Arlt, 825
cavernous, 975
circularis, 974
coronary, 959

abnormalities of, 1057
development of, 1032
morphology of, 1049
tributaries of, 959

costo-mediastinal, 1094
of dura mater, 972
of epididymis, 1287
ethmoidal, 185
frontal, 186, 1371

surgical anatomy of, 1371
great oblique, of pericardium, 882

transverse, of pericardium, 882
intercavernosus anterior, 974

posterior, 974
lactiferi, 1338
longitudinal vertebral, 976
of Maier, 825
maxillary, 149, 186

surgical anatomy of, 1379
oblique, of pericardium, 882
occipital, 183, 974
of palate bone, 186

parasinoidal, 974
petrosal, inferior, 975

superior, 975
phrenico-costal, 1093
piriform, 1069, 1147

of portal vein, 990
precervical, 43
rectal, 1231
rectus, 974
renalis, of kidney, 1265

rhomboid, 550
sagittal inferior, 668, 669, 974

abnormalities of, 1058

superior, 668, 973
surgical anatomy of, 1364

sphenoidal, 135, 183, 185, 1373

extent of, 133
ojjening into, 135
relation of, to nasal fossae, 185

to orbit, 163
spheno-parietal, 975
squamo-petrosal, 1058
straight, 974
superior, of utricle, 846
tarsi, 355
tonsillar, 1145
tj-ansverse, 974
morphology of, 1040
surgical anatomy of, 1357, 1358
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Sinus (contd.), tyniijaui, H33
urogenital, 1328
utricular, 763
of Valsalva, 797
venosus, 1031, 1033

solerse, 808
Sinuses, lymph, 994, 995

venous, of ci-aniuni, 808
Skein, chromatin, 10

Skeletal muscles, development of, 495

structures, 81

Skeleton, 81

appendicular, 82
morphology of, 294

axial, 82, 87
development of, 28, 29, 102, 106

splanchnic, 43, 81, 1062

Skin, 856
appendages of, 858
corium of, 857
development of, 861

of embryo, 78, 79, 862
epidermis of, 857
papilla? of, 857
pigment of, 858
retinacula of, 857
tactile corpuscles of, 865, 866

discs of, 865
Skull, age differences in, 197

akantliion, 285
akrocephalic, 286
alveolar point, 285
apertura piriformis, 163
asterion, 285
base of, 172, 179

basion, 285
at birth, 194
bones of, 115
brachycephalic, 171, 285
brachyfacial, 286
brachvuranic, 287

breadth of, 286
bregma, 285
capacity of, 284
chamsecephalic, 286
chordal, 290
cryptozygous, 171, 286
dacryon, 285
dermic, 292
development of, 290
dolicho-cephalic, 171, 285

dolicho-facial, 286
dolicho-uranic, 287

facial angle of, 286

fixed points of, 285
floor of orbit, 168
fontanelles of, 194

frontal sections of, 186

front of, 160
glabella, 285
height of, 286

female, 194

horizontal circumference, 286
section, 192

hypsicephalic, 286

indices of, 284

alveolar index, 287
dental index, 287
gnathic index, 287

nas;d index, 287
orbital index, 287
orthocephalic index, 286

Skull, indices of {contd.), palato - maxillary
index, 287

superior facial index, 286
total facial index, 286
vertical index, 286

infra-temporal fossa, 168
inion, 285
interior of, 179
lamlxla, 285
lateral aspect of, 164

wall of orbit, 162
length of, 285
leptoprosopic, 286
leptorhine, 287
ligaments of, 312, 313
longitudinal arc of, 286
macrodont, 288
measurements of, 286
medial wall of orbit, 163
median sagittal section of, 183
megacephalic, 284
niegadont, 288
niegaseme, 287
mesaticephalic, 285
mesocephalic, 284
mesodont, 288
mesognathous, 287
mesorhine, 287
mesoseme, 287
mesuranic, 287
metopic, 172
metriocephalic, 286
microcepnalic, 284
microdont, 288
microseme, 287
morphology of, 293
nasion, 285
obelion, 285
ophryon, 285
opisthion, 285
orbital fossae, 160
orthocephalic, 286
orthognathous, 287
phaenozygous, 171, 286
platyrhine, 287
posterior aspect of, 171
prechordal, 291
primordial, 292
progTiathous, 287
pterion, 285
pterygo-palatine fossa, 170
rliinion, 285
roof of orbit, 160
in section, 179
sexual diflferences in, 193
skeleton of face, 163
stephanion, 285
sub-nasal point, 285
surgical anatomy of, 1358
tapeinocephalic, 286
temjwral fossa, 166
trabecular portion of, 290, 291
upper aspect of, 171
vertebral portion of, 293
vertebrate theory of, 293
vertex, 285
as a whole, 159

Smegma embryonum, 79
prajputii, 1299

"Snuff-box," anatomical, 400
Soleus muscle, 429

action of, 429
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Soleus muscle (contiL), surgical anatoioy of,

1461, 1462
Solitary glands, 1179, 1181
Somaesthetic area, 645
Somatic mesoderm, 25, 27
segmental arteries, 1043, 1044

Somites, mesodermic, 28, 29, 75, 76
Sounds of heart, 1405
Space of Bums, 967

epidural, 669
intercostal, 114, 470
interpleural, 1089
mediastinal, 1089, 1090
of Nuel, 852
of Retzius, 1410, 1429
subarachnoid, 671

cisternag of, 671
communications of, with A'entricles,553,671

fluid of, 671
ligamenta denticulata of, 672, 675
septum posterius of, 672, 675
spinal, 672
trabecular tissue of, 671

subdural, 670
surgical anatomy of, 1362

Spaces of Fontana, 810
interglobular, of ivor-s^, 1247
lymph, 867

perilymphatic, 846
perivascular, 870

Spatia anguli iridis, 810
intercostalia, 114, 470
perichorioidealia, 811
perilymphatica auris internee, 846
zonularia, 819

Sperm cells, 11, 12, 16, 1288
Spermatic artery, internal, 928

abnormalities of, 1053
morphology of, 1047

fascia, 475, 477
funiculus, 1290, 1296

surgical anatomy of, 1430
vein, internal, 983

abnormalities of, 1058
development of, 1040
morphology of, 1048
surgical anatomy of, 1427

Spermatids, 17
accessory body of, 17
centrosomes of, 17
development of, 18

Spermatocyte, 12
of first order, 12, 16
of second order, 17

Spermatozoa, 17

axial filament, 17, 18
body, 18

centrosomes, 17
head, 17
neck, 17

sheath, mitochondrial, of, 18
spiral, of, 18

tail, end-piece, 18
end-ring, 18

Spheno-ethmoidal recess, 802
Sphenoid bone, 133

alse, development of, 138
angular spine of, 135, 136
architecture of, 271
body of, 133
connexions of, 138
crest of, 133

Sphenoid bone (confd.), great wings of, 134
orbital fissure, inferior, 137
ossification of, 138
pterygoid laminte of, 137
small ft'ings of, 135
variations in, 278

Sphenoidal angle of parietal bone, 119
conchas, 139

Sphenoidal crest of sphenoid bone, 135
process of palate, 152
sinuses, 271

skiagraphs of, 1372
surgical anatomy of, 1372

Spheno-mandibular ligament, 312
Spheno-palatine artery, 900

foramen, 185, 192, 152
ganglion, 775, 777
nerves, 775
notch, 152
roots of, 777
vein, 968

Spheno-parietal sinus, 975
suture, 164, 166

Spheno-petrous fissure, 176
Spheno-squamous suture, 176
Spheno-vomerine canal, 279
Spheno-zygomatic suture, 163
Sphere, attraction, 20
Sphincter ani extemus, 486, 1232

action of, 1232
intemus, 1232

pupillse, 814
pyloric, 1166, 1174
recti, 1229
vaginag, 487
vesicae, 1284

Spina or Spine, angular, of sphenoid, 136, 167
frontal, 116
helicis, '828

iliaca anterior inferior, 229
superior, 228

posterior inferior, 229
superior, 229

surface anatomy of, 1455
ischiadica, 232

sexual differences of, 237
surface anatomy of, 1456

mentalis, 156
nasal, 116
nasalis anterior, 146, 164

posterior, 174
peroneal, 260

variations in, 282
pubic, 233, 1458
scapulae, 202
sphenoidal, 136, 167
suprameatal, 126, 1366
of tibia, 246
trochlear, of frontal bone, 117
tympanica major, 831

minor, 831
Spinal arteries, 938

formation of, 1029
of intercostals, 926
of lateral sacral, 938
of vertebral, 907

column, 100, 102
foramen of cervical vertebrae, 90

of lumbar vertebrae, 95
of thoracic vertebrae, 93

ganglia, 685
medulla, 517, 539
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Spinal iiK'diilla (contd.), anterior median fissure

of, 521
surgical anatomy of, 1443

antero-lateral column, 529
antero-nu'dian column of, 529
arrangement of nerve-fibres of white matter

in tracts, 532
Cauda equina of, 519, 526
cell column, intoiiuedio-lateral, 530
central canal of, 521, 523, 526
cervical enlargement of, 519, 524
cervix of, 523
changes in gray matter of, 524
columns of, 22, 520, 523, 528

anterior, 523, 528
antero-lateral, 529
central, 529
intermedio-lateral, 530
lateral, 523, 529
pasterior, 522, 523, 525, 529
postero-lateral, 529
retro-postero-lateral, 529

commissure of, anterior white, 523, 539
gray, 523, 539

posterior, 523
com])onenl parts of white matter of, 531

conus meduUaris of, 518, 524, 525
development of, 31, 33, 35, 520
dorsal nucleus of, 531, 538
enlargements of, 519, 524

surgical anatomy' of, 1443
fasciculi of, anterior proprius, 535, 537, 538

lateral, 535
bulbo-spinal, 537, 538
collateral fibres of, 534, 535, 539
lateralis proprius, 538
olivo-spinal, 538

fasciculus cuneatus of, 526, 533
gracilis of, 526, 533
solitarius of, 598

(fasciculus of) posterior proprius, 535
rubro-spinal, 537, 538
septo-marginal, 535
spino-cerebellar anterior, 537, 538

posterior, 537, 538
spino-tectal, 537

(fasciculus of) spino-thalamic, 535, 537
anterior, 537, 538
posterior, 537

tecto-spinal, 537, 538
vestibulo-spinal, 537, 538

filum terminale of, 518, 526
externum, 526
internum, 526

fissures of, 522
antero-median, 522
intermedius jjosterior, 522
lateralis posterior, 522
postero-median (septum), 522

funiculi or tracts of, 535
anterior, 522, 525, 528, 539
antero-lateral, 522
of Burdach, 522
of Goll, 522
lateral, 522, 525
posterior, 521, 522, 525
postero-lateral, 684
solitarius, 598

gray matter of, 523, 625
inferior limit of, in child, 517

internal structure of, 523
intersegmental association fibres of, 535, 638

Spinal medulla (contd.), length of, 517
ligamenta denticulata of, 518, 675
longitudinal commissural fibres of, 537, 538
lumbar enlargement of, 519, 524
membranes of, 518, 669, 675
nerve -cells of, 528 et seq.

nerve-fibres in gray matter of, 531
nerve-fibres of, 531 et seq.

neuroglia of, 527
origin of nerves from, 519, 529, 533
posterior i)aramedian sulcus of, 522
postero-lateral cohinm, 529

sulcus of, 522
postero-median column, 529
processus reticularis of, 524
regional differences in, 519, 527
regions of, 519
relation of, to vertebrae, 517, 1422
segments of, 519
sensory and motor distribution of various

segments of, 744, 752
septa of, 521, 522
substantia gelatinosa Rolandi, 523, 528

grisea, 520
substantia grisea centralis of, 528

reticularis of, 564
sulci of, 522
sulcus lateralis posterior of, 522
summary of chief characters, 527
surgical anatomy of, 1443, 1444
theca of, 518
tract or tracts of Burdach, 526, 533

anterior cerebro-spinal, 536, 539
cerebello-spinal, 531, 536
comma (fasciculus interfascicularis), 533
of Goll, 526, 533
of Gowers (fasciculus antero-lateral

superficial), 536
lateral cerebro-spinal (crossed), 536,

538
of Lissauer (postero-lateral), 534

trigeminal root-fibres in, 601
veins of, 977
ventriculus terminalis of, 526
white matter of, 524, 531

Spinal nerves, 519, 678
anterior rami of, 692
anterior root, 520
development of nerve-roots, 679
distribution of the, 687
distribution of, to muscles and skin of the

limbs, 744
lower limb, cutaneous nerves, 747

muscular nerves, 748
upper limb, cutaneous nerves, 744
muscular nerves, 745

white rami communicantes of, 687
divisions or rami of, 686
formation of, 680
posterior rami of, 687

roots of, 520, 533
splanchnic parts of, 680

venous plexus, anterior, 976
posterior, 970

Spinalis dorsi muscle, 442
Spindle, achromatic, 10, 13
Spine, somatic parts of, 680
Spino-glenoid ligament, 320
Spino-thalamic tract, 637, 538
Spinous process of cervical vertebrae, 90, 93

of lumbar vertebrae, 95
of sacrum, 97
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Spinous process {contd. ), of thoracic vertebrae, 93
homology of spinous processes, 283
surgical anatomy of spinous processes,

1436, 1442, 1443
Spiral fasciculi of cochlear nerve, 852

ganglion, 785, 845, 852
line of femur, 242
organ of cochlea, 849, 850
tubules of kidney, 1266

Splanchnic ganglion, 761
mesoderm, 27
nerve, 761

greater, 761, 764
lowest, 761, 764

segmental arteries, 1027, 1046
skeleton, 81

Splanchnology, 3
Spleen, 1352

accessory, 1353
angles of, 1352
blood and lymph vessels of, 1353
borders of, 1352
development of, 1253, 1353
excision of, 1442
hilum of, 1352
lymph nodules of, 1353
nerves of, 1353
notches and fissures of, 1352
peritoneal relations of, 1353
pulp of, 1353
structure of, 1353
surfaces of, 1352
sustentaculum of, 1353

Splenic artery, 929
lymph glands, 1020
plexus, 765
vein, 922

Splenium of corpus callosum, 630
Splenius capitis muscle, 439

action of, 439
Spongioblasts, 503, 817
Spongioplasm, 8

Spongy iDone, 83
Spur of malleus, 839
Squama occipitalis, 120, 121

temporalis, 125
Squamo-petrosal sinus, 1369
Squamosal bone, 292
Squamoso-mastoid suture, 125
Squamous suture, 127

Stalk, allantoic, 38
body, 38
optic, 682, 825, 826
of thalamic radiation, 610, 612

Stapedial artery, 841

Stapedius muscle, 841
Stapes, 840

annular ligament of, 841
development of, 841
foot-plate of, 840
ligaments of, 841
movements of, 842
surgical anatomy of, 1368

Staphylorrhaphy, 1385
secondary haemorrhage after, 1385

Stenson, canals of, 149
duct of, 1136, 1137
foramen of, 149, 174

Stephanion, 166, 172, 285
Sternal angle, 107

articulations, 317
furrow, 1397

Sternal line of pleural reflexion, 1085,

1086
lines, 1397
lymph glands, 1010
veijis, 963

Sternalis muscle, 370
Sterno-clavicular joint, 317

movements at, 319
muscle, 372

Stemo-cleido-mastoid muscle, 458
action of, 458
surgical anatomy of, 1390

Sterno-hyoid muscle, 459
action of, 460

Sterno-mastoid artery of occipital, 895
of superior thyreoid, 892

muscle, 458
Sterno-pericardial ligaments, 881
Sterno-thyreoid muscle, 459

action of, 460
Sternum, 106

architecture of, 270
body of, 107
infrastemal angle, 114
manubrium, 107
movements of, 317
ossification of, 108

surgical anatomy of, 1397, 1405

variations in, 276
xiphoid process of, 108

Stigmata of capillaries, 867
Stilling, canal of, 819
Stomach, 1163

anterior surface of, 1167
arese gastricae of, 1176
arteries of, 1176
bed of, 1170
body of, 1168
capacity of, 1171

cardia, 1164
cardiac orifice of, 1164

surgical anatomy of, 1416, 1417

portion of, 1163

of chUd, 1171
curvatures of, 1166, 1167

development of, 47, 1249
displaced, 1171
in female, 1171

form of, 1163
foveolae of, 1176
fundus of, 1168, 1163

surgical anatomy of, 1416

gastro-phrenic ligament of, 1170
glands of, 1176
greater curvature of, 1167

surgical anatomy of, 1417
hour-glass, 1171
incisura angularis of, 1166

cardiaca of, 1165
lesser curvature of, 1166

surgical anatomy of, 1417

lymph vessels of, 1177
mucous membrane of, 1179
muscular coat of, 1174
nerves of, 1177
partial resection of, 1418

peritoneal relations of, 1170
pit of, 108, 114
plicte villosse of, 1176
position of, 1063, 1172
posterior surface of, 1167
pyloric antrum of, 1161, 1 1167, 1169
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Stomach (confd.), pyloric canal of, 1169

ligaments of, 1170
orifice of, 1169, 1173

surlace anatomy of, 1416, 1417

surgical anatomy from the back, 1439

j)ortion of, 1169
j)osition of, 1416
surgical anatomy of, 1416, 1417

spliincter of, 1166, 1174

valve of, 1174
pylorus, 1165
radiography of, 1417

relations of, 1416
rug* of, 1165

serous coat of, 1174
size of, 1171

at birth, 1171

structure of, 1174
submucous coat of, 1173
sulcus intermedius of, 1167
surfaces of, 1163
surgical anatomy of, 1416-1418

topography of, 1416, 1417, 1439
uncovered area of, 1170
veins of, 1991

X-ray examination of, 1173

Stomacli-bed, 1170
Stomach-chamber, 1169

relations and connexions of, 1169

Stomata of capillaries, 867
Stomatodaeum, 25, 27, 41

derivatives of the, 48
separation into nose and mouth, 49

Straight sinus, 974
Strand fronto-pontine, 653

Stratum bacillare retinae, 816, 818
circulare membranae tympani, 835

musculare ventriculi, 879
compactum, 57

corneum ejjidermis, 857, 859
unguis, 859

cutaneum membranae tympani, 835
filamentosum, 858
germinativiim epidermis, 857

unguis, 859
granulosum cerebelli, 581

epidermis, 858
ovarii, 1314

griseum centrale pedunculi cerebri, 584
colliculi superioris, 586

interolivary, 556
lemnisci, 586
longitudinale musculare ventriculi, 879
lucidum, 858
mucosum epidermis, 857
membraiue tympani, 835

opticum, 586, 815
colliculi cerebelli, 580

superioris, 586
l)apillare of skin, 857
pigment! retinae, 816, 817
radiatum membranae tympani, 835
ri'ticulare of skin, 857
spongiosum, 57
synovial, 302

development ol', 304
of ankle-joint, 353
of carpo-metacarpal joints, 333
of elbow-joint, 325
of hip-joint, 341

of intercarpal joints, 331

interosseous, of leg, 350

Stratum, synovial (contd.), of intertarsal joints,

358
of knee-joint, 348

of mandilndar joint, 312

of metacarjjo-phalangcal joints, 333

of radio-carpal joint, 329

of radio-ulnar joint, 327
of shoulder-joint, 322

zonale cerebri, 585
sectionum corporum quadrigi-minorum, 586

thalamencejjhali, 611

Streak, primitive, 23, 26
Strength of bones, 83

Stretching the sciatic nerve, 1457

Stria or Striae, of Gennari, 644, 659
longitudinalis lateralis, 630

of corpus callosum, 629
medialis, 630

medullares, 615
fossae rhomboideae, 550
of thalamus, 611

olfactorii lobi intermedia, 624
lateralis, 624

of Retzius, 1122
terminalis, 610, 635, 636, 642
transversae corporis callosi, 631
vascularis auris int«rnae, 849

Striate arteries, 905
veins, 970, 971

Stripe of Hensen, 850
Stroma of iris, 813

ovarii, 1313
vitreum, 819

Structure of bones, 83
cerebral hemispheres, 644
teeth, 1122
urethra, 1428

Stylo-auricularis muscle, 830
Styloid process of fibula, 250

of metacarpal bone, 225
variations in, 280

of radius, 216
surgical -anatomy of, 1450

of temporal bone, 127, 168, 177

development of, 43, 44, 159
ossification of, 132

of ulna, 213
surface anatomy of, 1451

Stylo-glossus muscle, 463
Stylo-hyals, 132, 159
Stylo-hyoid ligament, 313, 1134

muscle, 461
action of, 462

Stylo-mandibular ligament, 313, 1134
Stylo-mastoid artery, 895

foramen, 129, 177
Stylo-pharyngeus muscle, 465
Subacromial bursa, 323
Subanconeus muscle, 382
Subarachnoid fluid, 671

space, 671, 672
surgical anatomy of, 1227

Subarcuate fossa, 130, 131

Subclavian artery, 909
abnormalities of, 1055
branches of, 910
development of, 1027-1028
ligature of, 1394
morphology of, 1046
surgical anatomy of, 1252, 1255

groove. 111

loop, 759
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Subclavian lymph trunk, 998
plexus, 759
vein, 965, 966

abnormalities of, 1058
danger of injury to, 1394
morpbology of, 1048, 1049
surgical anatomy of, 1395

Subclavius muscle, 371
action of, 371

Subcoracoid centre, 204, 296
Subcostal angle, 1397, 1407

artery, 926
groove, 110
line, 1407
muscles, 470
plane, 1407

Subcrureus (O.T.), 408
Subdeltoid bursa, 323
Subdural space, 670

surgical anatomy of, 1362
Subinguinal lymph glands, 1459
Sublingual artery, 893

gland, 1138
development of, 1243
surgical anatomy of, 1383

region, 1383
Submalleolar apophysis, 282
Submaxillary artery, 893

duct, 1138
fossa, 155
ganglion, 780
gland, 1137
development of, 1243
duct of, 1138
surgical anatomy of, 1391

lymph glands, 1000
Submental artery, 894

triangle, 1387
Subnasal point, 285
Suboccipital nerve, 688

triangle, 444
boundaries of, 444

Subphrenic abscess, 1412
Subpleural plexus, 913
Subscapular artery, 917

of transverse scapular, 912
bursa, 377
fossa, 203
lymph glands, 1008
nerve, inferior, 713

superior, 713
Subscapularis muscle, 377

action of, 377
minor muscle, 377

Substantia adamantina, 1122
corticalis lentis, 820

lympho-glandulae, 995
sectionum cerebelli, 576

telencephali, 644
ebumea, 1122
ferruginea, 570
gelatinosa (spinal medulla), 528
grisea centralis (spinal medulla), 528
lentis, 820
medullaris lympho-glandulae, 995
nigra, 614
perforata anterior, 34, 541, 624

relation of, to olfactory tract, 624
posterior, 541, 615

relation of, to third ventricle, 616
propria cornese, 810

Suctorial pad, 446, 1109

Sudoriferous glands, 861
Sulcus or Sulci, 646, 653

alar, 799
alveolo-glossal, 1383
angular, 665, 666
anthelicis transversus, 829
arterige occipitalis, 128

temporalis mediae, 125
vertebralis, 89

auris anterior, 828
basilar, of pons, 548
bicipital, lateral, 1448

medial, 1446, 1447
calcanei, 259
calcarine, 659

lateralis, 659
posterior, 659

carotic, 135
central, of brain, 663

insulse, 654
of cerebral cortex, 646

axial, 646
development of, 646 ' ~^~^-

operculate, 646
terminal, 646

hemispheres, 653
chiasmatis, 135
chorioidal, of eye, 621, 637, 675, 826
cinguli, 666
circular, 654
collateral, 661, 662

transverse, 662
costse, 110
cruris helicis, 829
diagonal, 566
ethmoidalis ossis nasalis, 145
fimbrio-dentate, 627
floccular, of cerebellum, 572
frontal, of brain, 665

inferior, 665, 668
middle, 665
superior, 665, 668
surface anatomy of, 1360

of frontal bone, 116
fronto-marginal, 665
hamuli pterygoidei, 138
hippocampi, 626
horizontal, of cerebellum, 573
hypothalamicus, 618
inferior interventricular, 872
intermedins posterior medullas oblongatae,

544
of stomach, 1167

intertubercular, of humerus, 206
interventricular, 618
intraparietal, 661, 644, 664
lacrimal, of maxilla, 147

ossis lacrimalis, 147

lateral, of brain, 653, 1359, 1360
lateralis mesenccphali, 584

posterior medullee oblongatae, 544, 547
spinalis, 522

limiting, of Reil,'654

longitudinal, of cerebrum, 540, 676
longitudinalis, of heart, 618
lunatus, 660
malleolaris, 253, 249
medianus posterior medullae spinalis, 522
mento-labial, of lips, 1108
musculi flexoris hallucis longi calcanei, 260

tali, 257
peronsei calcanei, 260
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Sulcus or Sulci niuwculi perouu'i (conbL), ossIh

cuboidei, 263
mylo-hyoideus, 155
naso-labialis, 1108
na.so-lacrinuil, 49
nervi oculo-iuotorii, 584

petrosi supcrficialis iiiajori.s, 130
minoiis, 130

radial, 207
uliiaris, 207

ol)turatorius, 234
occipitalis lateralis, 661

anterior, 6G5
paramedial, 661
transverse, 644

oculo-nasal, 49
olfactory, 666
orbital (of brain), 666
paracentral, 664
para-cingular, 665
l^araniedial, 661
para-pyramidal, 573
of parietal region, 662
parietal, superior, 665
parieto-occipital, 661
paroccipital, 644, 661
peroniei, 253, 260, 263
petrosus inferior ossis occipitalis, 123

temporalis, 128
superior, 128

polares, 660
post-central, 662

inferior, 664
superior, 664
surface anatomy of, 1360

post-lunar, 573
post-nodular, 571
prsecentral, 665

inferior, 664, 665
superior, 664, 665
surface anatomy of, 1360

prsecunei, 665
precervical, 43
primary, of cerebellum, 572
of promontory, 832
pterygoid, 138
pterygo-maxillary, 168, 192

pterygo-palatine, 138, 192
rhinalis, 624
sagittal, of frontal bone, 118, 119, 171

of occipital, 121

of parietal, 119
secondary, of cerebellum, 572
sigmoid, 123

simial, 660
of spinal medulla, 522
spiralis externus cochlea-, 849

internus cochleae, 849
subclavian. 111

subclavius pulmonis, 1093
subparietal, 665
suprapyramidal, 573
tali, 256
temporal, inferior, 658

middle, 658
superior, 657

surface anatomy of, 1360

topography of, 1360, 1361

terminalis atrii dextri (His), 874
significance of, 874

of heart, 873

lingujfi, 1125, 1126

Sulcus or Sulci {contd.), transverse (of brain),

674
of occipital bone, 121

of parietal bone, 119
tubte auditivaj, 128, 838
of vallecula, 574

Superciliary ridge, 116, 160
sexual differences of, 116, 193
surface anatomy of, 1358

Sui)erficial volar artery, 919
Superior temporal sulcus, 657

topogi-aphy of, 1360, 1361
vena cava, 1405

Supination, 328, 401
Supinator muscle, 398

action of, 399
Supin-auricular jjoint, 286
Supraclavicular nerves, 696
Suprahyoid artery, 892
lymph glands, 1002
muscles, 460

Supramandibular nerve (O.T.), 784
Supramarginal triangle, 1360
Supramastoid crest, 125
Suprameatal spine, 126, 1366, 1369

surgical importance of, 1366, 1369
triangle, 126

Supranasal bone, 277
Supraoccipital bone, 124

development of, 292
Supraorbital artery, 903

foramen, 116, 160
margin, 115, 160
nerve, 772
notch, 1J6, 160

surface anatomy of, 1358
ridge, 116
vein, 968

Suprarenal artery, 927, 933
gland, 1343

development of, 1341, 1343
forms and relations of, 1344
in foetus, 1343
hilum of, 1345
medullary portion of, 1343
nerves of, 765, 1346
relations of, 1340
structure of, 1346
surgical anatomy of, 1425

impression of liver, 1192
plexus, 765
vein, 982

abnormalities of, 1059
development of, 1040
morphology of, 1049

Suprascapular nerve, 703
region, 1436

Suprascleral lymph space, 808
Supraspinatus muscle, 375

action of, 375
Supraspinous artery, 913

fossa, 202
ligament, 308

Suprasternal artery, 912
notch, 107
region, 1397

Supratonsillar fossa, 1145, 1147
Supratrochlear foramen, 280
lymph glands, 1007
nerve, 778

Sural arteries, 952
nerves, 730, 732

101
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Surface and surgical anatomy, 1357
of abdomen, 1407
of abdominal aorta, 1426
of abdominal wall, 1407
of accessory nerve, 1393
of ankle, 1411, 1463
of arm, 1447
of axiUa, 1446
of back, 1436
of bregma, 1358
of buttock, 1455
of central sulcus of brain, 1359
ofcrauium, 1357
of ear, 1360
of elbow, 1449
of face, 1374
of female pelvis, 1434
of foot, 1463
of forearm, 1450
of hand, 1450
of head and neck, 1357
of heart, 1403
of inferior end of central sulcus, 1359
ofjunction of motor areas, arm, and face, 1359
of knee, 1460
of lambda, 1358
of lateral fissure of brain, 1359
of lateral ventricle, 1362
of leg, 1461
of lungs, 1398
of meningeal arteries, 1364
of middle meningeal artery, 1359
of neck, 1385
of perineum, 1427
of popliteal space, 1457
of scalp, 1357

blood-supply of, 1357
of shoulder, 1444
of thigh, 1458
of thorax, 1395
of transverse sinus, 1365

Surgical neck of humerus, 206
Suspensory ligament of clitoris, 1326

of lens, 819
of ovary, 1312
of penis, 1299

muscle of duodenum, 1187
Sustentaculum lienis, 1353

tali, 260
architecture of, 274
position of, 1464
surface anatomy of, 1465
variation in, 282

Sutural bones, 145, 146
Suture or Sutura, 300

coronal, 164, 172
synostosis of, 197

dentate, 300
development of, 304

frontal, 160
fronto-maxillary, 160
fronto-zygomatic, 160
harmonia, 300
infraorbital, 279
intermaxillary, 163
intemasal, 145

lambdoid, 165, 171
surgical anatomy of, 1360

limbosa, 300
masto-squamosal, 128
metopic, 118, 277
Tiaso-frontal, 160

Sutui-e or Sutura (contd.), uotha, 300
occipito-mastoid, 165, 171
orbito-maxillary-frontal, 277
palatine, 174

transverse, 174
parieto-mastoid, 164
petro-squamous, 125, 126

surgical anatomy of, 1366
premaxillarv, 150
sagittal, 119", 171
serrata, 300
spheno-parietal, 164
spheno-squamous, 168
spheno-zygomatic, 163
squamosa, 164, 300
squamoso-mastoid, 125, 126
vera, 300
zygomatico-frontal, 160
zygomatico-maxillary, 160

Swallowing, movements in, 467
Sweat glands, 861

develojnuent of, 862 _ '

ducts of, 861
glomerulus of, 861
orifice of, 861

Sylvian (O.T.) (lateral cerebral) fissure, 653,

654
development of, 655, 656
surgical anatomy of, 1359, 1360

fossa, 624
point, 1360
veins, 971

Symmetry, 4
Sympathetic nervous system, 678, 753, 1342

cephalic and cervical parts of, 756
central communicating branches, 762
peripheral branches of distribution

762
connecting cords of, 755, 756, 759, 761,

762, 763
development of, 681
functions of, 755, 762
ganglia of, 504, 753
gangliated trunk of, 753
general structure of, 753
gray rami communicantes of, 678, 681

lumbar, 761
morphology of, 766, -795

medullated nerve-fibres of, 754
non-medullated, 754

peripheral branches of, 755
l^lexuses of, 763
rami communicantes of, 754, 756, 759,

761, 762, 763
sacral, 762

central communicating branches of,

763
peripheral branches of distribution,

763
thoracic part of, 759, 761

aortic branches, 761
central communicating branches of,

761
functions of, 761
peripheral branches of distribution,

761
pulmonary branches, 761
sjjlanchnic branches, 761

white rami communicantes of, 678, 680,

681
Symphysis menti, 155

ossium pubis, 337
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Symphysis jnihia, 337 -

cavity of, 337
fibro-cartilagi', iiiteijuihic of, :J37

ligaments of, 337
saci'o-coccygL'U, 308

Synarthrosis, 299
Synchondrosis, 299

cianii, 300
Dpiphysuos, 300
nuuro-central, 104

petro-juguiar, 30<)

spheno-occipital, 300
sternal, 317

Syndesmology, 299
Syndesmosis, tihio-filmlar, 3ol

ligaments of, 351
Synovia, 301, 304
Synovial l)Uis;e, 302

fat-pads, 302, 325, 341, 348
ponches posterior to tlie condyles of the

femur, 1461

sheaths at wrist, 388, 389
strata of joints of lower limb, 341, 348, 350,

351, 353
of pelvis, 336
of tiiorax, 314, 315, 316
of upper limb, 322, 325, 327, 329
of mandibular joint, 312

stratum of the knee-joint, 1461
System, blood -vascular, mor])ho]ogy of, 1042

primitive formation of, 64
Systema lymphaticum, 993
nervorum centrale, 497

periphericum, 677
sympathicum, 753

Systematic anatomy, 3
Systemic circulation, 882, 959

Table of relations of structures to vertebra]

spines, 1442, 1448
Tactile corpuscles, 863

discs, 864
Tienia coli, 1211

pontis, 615
thalami, 610

Tail, 48
fold, 38
RUt, 48

Talo-calcaneal joint, 354
ligaments, 355

Talo-calcaneo-navicular joint, 355
Talo-tibular ligaments, 352
Talo-navicular joint, 355

surgical anatomy of, 1464
ligaments of, 355

Talo-tibial ligaments, 353
Talus, 254

architecture of, 274
articular surfaces of, 255
develoi)ment of, 265
facets of head, 257
head of, 257
homology of, 295
ossification of, 265

Tapeinccephalic skulls, 286
Tapetum of brain, 631

of chorioid, 812
cellulosum, 812
fibrosum, 812

Tai-sal arches of eyelids, 823
artery, lateral, 957
glands, 822, 823

Tai-Sc'il glands {contiL), surgical anatomy of, 1371

ligaments of eyelid, 822
Tai-sale, os, 295
Tai-so-metatarsal joints, 359

line of, 1464
surgical anatomy of, 1464

Tarsus, 254, 821
architecture of, 274
ossification of, 265
transvei-se articulation of, 357
variations in, 282
as a whole, 264

Taste buds, 854, 1128

fibres, coui'se of, 598
gustatory liair, 855

pore of, 854
nerves of, 855

nuclei of, 598
organs, 854

structure of, 854
supporting cells of, 854

Tectorial mend)rane, 851, 852
Tectum, 516
Teeth, 1112

adamant, 1113, 1122
composition of, 1122
prisms of, 1122

alveolar ijeriosteum, 1115, 1123
alveoli of, 1115
apical foramen of, 1114
arrangement of, in jaws, 1119
canine, 1117
cavity, 1114
cinguluni of, 1116
contact surface of, 1115
crown of, 1114, 1116, 1118, 1119, 1120
cuticle of, 1122

composition of, 1123
dental canaliculi, 1123

deciduous, 1113, 1114, 1121
dental arches, 1119

index of, 1248
lamina of, 1026

dermal, 1244
development of, 1244
eruption of, 1120, 1246
eye, 1117
fangs of, 1114
follicles of, 1245, 1246
general form and structure, 1114
germs of, 1245
grinding surfaces of, 1115
gubernaculum of, 1247
incisor, 1115, 1116
ivory of, 1113, 1122, 1123
lingual tubercle of, 1116
lymph vessels of, 1005
molar, 1117

lower, 1118
roots of, 1118
upper, 1118

morphology of, 1248
multitubercular, 1248
Nasmyth's membrane of, 1122
neck of, 1114
nerves of, alveolar, anterior superior, 777

inferior, 780
middle, superior, 777
posterior superior, 775

osseous substance, 1123
papilla of, 1244
parts of adamant, 1113
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Teeth, j^arts of (contd.), ivory, 1113
period of eruption of the permanent, 1120
permanent, 1115, 1119

descriptive terms for, 1115
premolar, 1117
pulp of, 1114, 1123

cavity of, 1114
relative sizes of, 1116, 1117, 1118, 1119,

1120, 1121
reserve germs of, 1246
root of, 1114, 1116, 1117, 1118, 1119

canal, 1114, 1115
serotinus, 1113, 1118, 1119
structure of, 1122
substantia ossea of, 1113, 1123
tartar of, 1115
tubercles of, 1114, 1116, 1118, 1119, 1128

of crown, 1114, 1118, 1119
variations in number of, 1121

auditory, 850
Tegmen tympani, 192, 271, 832

surgical anatomy of, 1366
Tegmen ventriculi quarti, 549
Tegmental region, hypothalamic, 613
Tegmentum, 586
Tela chorioidea ventriculi quarti, 571, 674

tertii, 617, 674
serosa intestine, 1178
submucosa intestini, 1179

ventricidi, 1175
subserosa, 1158

Telencephalon, 608
development of, 34

Telolecithal ova, 11

Telophase, 10
Temporal area, 656, 658

artery, deep, anterior, 899
middle, 897
of posterior cerebral, 908
of retina, 818
superficial, 896

bone, 125
angles and petrous part of, 128
architecture of, 271
articular tubercle of, 167
at birth, 133
connexions of, 131
external acoustic meatus of, 127
ossification of, 131
parts of, at birth, 125
petromastoid part of, 128
petrous part, anterior surface, 130

inferior surface, 129
squamous part of, 125
tympanic antrum of, 832

part of, 127
variations in, 278
zygomatic process of, 166

canal, 154
crest, 116, 118, 166
fascia, 455
fossa, 145, 166

lateral wall, 167
medial wall, 166

eyri, 657, 658
line, 116, 118, 166
muscle, 455
nerve of auriculo-temporal, 780

deep, 779
of facial, 783

plane, 118
process, 153

Temporal region, 656, 658
surgical anatomy of, 1360

ridge, 118, 166
sulci, 958
veins, 967, 968

Temporo-mandibular arch, 279
joint, 312

surgical anatomy of, 1366, 1375
Temporo-pontine tract, 643
Tendinum inscriptiones, 1407
Tendo calcaneus (Achillis), 428, 429

surgical anatomy of, 1463
Tensor fasciae latse muscle, 415

action of, 416
surgical anatomy of, 1459

tarsi muscle, 450
tympani muscle, 841

canal for, 128
veli palatini muscle, 466

Tentorium cerebelli, 669
Teres major muscle, 376
minor muscle, 375

actions of, 376
Terms in use in limbs, 5

Testicular artery, 928
Testis, 1286

appendices of, 1287
coni vasculosi of, 1289
descent of, 1295
development of, 1333
ductuli efferentes, 1288
ductus deferens of, 1289
development of, 1296

efferent ductules of, 1288
epididymis of, 1286, 1287
gubernaculum of, 1295
lobes of, 1288
lymph vessels of, 1289
mediastinum of, 1288
mesorchium, 1295
nerves and vessels of, 1287
paradidymis of, 1287
processus vaginalis of, 1295
rete of, 1288
seminiferous tubules of, 1288
septula of, 1288
sinus epididymidis, 1287
structure of, 1288
tubuli recti of, 1288

seminiferi contorti, 1288
tunica albuginea of, 1288

vaginalis of, 1287
vascidosa of, 1288

undescended, 1296
vessels and nerves of, 1289

Thalamencephalon, 608, 609
Thalamic radiation, 610, 612, 613
Thalamo-cortical fibres, 612, 613
Thalamo-striate fibres, 612, 641, 642
Thalamus, 541, 609

anterior nucleus of, 612
tubercle of, 611

central nucleus of, 612
connexions of, 612, 641
with cerebral cortex, 612, 613
with hippocampus, 625
with optic tract, 658

cortico-thalamic fibres of, 612, 613
development of, 35
grey matter of, 611
inferior surface of, 610
internal medullary lamina of, 611



INDEX. 1581

Thalamus (cantd.), intimate structure of, 611

lamina medullaris externa of, 611
interna of, 611

lateral geniculate body of, 611, 613
medmlary lamina of, 610
nucleus of, 611
surface of, 610

lemniscus fibres of, 586
massa intermedia of, 611

medial nucleus of, 611

nuclei of, 611, 612
origin of, 517
position and connexions of,610,611, 612, 613

pxdvinar of, 611
radiation of, 610, 612, 613
stalks of, 612
stratum zonale of, 611
stria medullaris of, 611
superior surface of, 610
surfaces of, 610
taenia of, 610
thalamo-mamillary tract of, 612
tuberculum anterius of, 611

Thebesius, valve of, 874
Theca foUiculi, 1314

of spinal medulla, 518
Theory of nerve components, 505-506

Thigh bone, 239
Third ventricle, 616

development of, 36
Thoracic aorta, 884

branches of, 924
surface anatomy of, 140

arteries, lateral, 916
supreme, 916

duct, 993, 996
abnormalities of, 1060
course of, 997
length and diameter, 997
relations of, 997
tributaries of, 997
surgical anatomy of, 1394

ganglia, 759
part of sympathetic, 759

nerves, 713
anterior rami, 713
posterior rami of, 690
first thoracic, 713

communications of, 713
intercosto-brachial, 714, 716
second thoracic, 714

communications of, 716
third thoracic, 716
fourth to sixth thoracic, 716

branches of, 716
seventh to eleventh thoracic, 717

branches of, 717
twelfth thoracic, 717

branches of, 717
vertebrae, 93

Thoraco-acroraial artery, 916
Thoraco-dorsal nerve, 713
Thorax, 113

anterior wall of, 113
aortic area of, 1405

apertures of, 114

at birth, 114

cavity of, 1083
division of, into region:^, 1397

foetal condition, 114

in foetus, 114

joints of, 313

Thorax (contd.), lateral walls of, 114

lines of, 1089
lymph vessels of, 1013
mediastinum of, 1089
mitral area of, 1405
muscles of, 470
posterior wall of, 113
precordial area of, 1403
pulmonary area of, 1405
regions of, 1397

sexual differences in, 114

sternal furrow of, 1397

surgical anatomy of, 1395

tricuspid area of, 1405
walls of, 113

Thrombosis of femoral vein, 1427

Thumb, movements of, 402
muscles of, 392, 393

Thymus, 1350
blood-vessels of, 1351

development of, 44, 1351

structure of, 1351

vestiges, cervical, 1351

Thyreo-arytaenoid ligamentxS, 1067

muscle, 1073
action of, 1076

Thyreo-epiglottic ligament, 1068
muscle, 1075

action of, 1076
Thyreo-glossal duct, 44, 1348

surgical anatomy of, 1348
Thyreo-hyal, 146
Thyreo-hyoid arch, 42, 43

bar, 44, 159
membrane, 1066
muscles produced from, 460

action of, 460
nerve of, 796

Thyreoid artery, inferior, 910
abnormalities of, 1037

superior, 891
morphology of, 1047

cartilage, 1062
development of, 1100
incisiira of, 1062
inferior cornua of, 1063
laminae of, 1062
linea obliqua of, 1063
ossification of, 1065
prominentia of, 1062
superior cornua of, 1063
tubercle, inferior, of, 1063

superior of, 1063
fascia, 1389
gland, 1347

accessory, 1348
blood and lymph vessels, 1348
capsule of, 1388
development of, 43, 44, 1348
fascial connexions of, 1388
isthmus of, 1347

size of, 1347
surgical anatomy of, 1388

levator muscle of, 460, 1347
lol)es of, 1347
pyramidal lol)e of, 1347
structure of, 1348
surgical anatomy of, 1388
variations in, 1347, 1348

rudiments, 1348
veins, 964, 965

Thyreoidea ima artery, 888
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Thj-reotoiuy, 1388
Tibia, 246

anterior crest of, 248
arcliitecture of, 274
condyles of, 246
connexions of, 249
fibular notch of, 249
fossae of, 247
homology of, 295
intercondyloid eminence of, 247
interosseous crest of, 248
medial malleolus of, 249
nutrient foramina of, 249
ossification of, 250
platyknemia, 281
popliteal line of, 249
shaft of, 248
surgical anatomy of, 1461
tubercles of, 247
tuberosity of, 248
variations in, 281

Tibial artery, anterior, 955
posterior, 952
recurrent, 956

nerve, 729, 732
articular branches of, 732
cutaneus suree lateralis, 732

Tibiale, os, 295
Tibialis anterior muscle, 424

action of, 424
surface anatomy of, 1465

posterior muscle, 431
action of, 431
surface anatomy of, 1465

Tibio-fascialis anterior muscle, 424
Tibio-femoral index, 289
Tibio-fibular articulation, 349

movements at, 349, 350
ligament, interosseous, 349
transverse, 349

syndesmosis, 351
Tibio-navicular ligament, 353
Toes, digital sheaths of, 430
movements of, 436

Tomes, fibrils of, 1247
processes of, 1247

Tongue, 1124
anterior glands of, 1382
arteries of, 1130
development of, 45, 1249
dorsum of, 1124, 1125, 1126
folia of, 1124
foramen csecum of, 45, 1126, 1249, 1381
frenulum of, 1128

surgical anatomy of, 1383
glands of, 1130
inferior surface of, 1128
lateral margin, 1125
lingual duct of, 1139
lymph follicles of, 1126

vessels of, 1005, 1130, 1383
mucous membrane of, 1129
muscles of, 462

surgical anatomy of, 1382
nerves of, 1131
oral part of, 1126
paf>ill« of, 1126
pharyngeal part of, 1126
plicee firnbriatse of, 1128
raphe of, 1129
septum of, 1129
structure of, 1129

Tongue (contd.), sulcus terminalis of, 1125
surgical anatomy of, 1381
taste-buds of, 854
thyreo-glossal duct of, 42, 46, 1348

surgical anatomy of, 1381
vessels of, 1130

Tonsil or TonsiUa, of auditory tube, 838
cerebelli, 575
lingual, 1126
palatine, 1145

arteries of, 1147
development of, 1249
lymph vessels of, 1147
nerves of, 1147
plica triangularis of, 1146
relations of, 1147
surgical anatomy of, 1383

pharyngea, 1143
surgical anatomy of, 1385

Tonsillar arteries, 1147
lymph gland, 1392
nerve, 786, 1147
plexus, 1147

Tooth-band, 1245
Torus levatorius, 1143

occipitalis transversus, 277
palatinus, 279
tubarius, 1143
uretericus, 1277

Touch, organs of, 858, 863-866
Trabeculse lienis, 1353

carneae, 877
corporum cavernosorum, 1300
cranii, 290

Trachea, 1078
bifurcation of, 1076, 1402 -^

cartilaginous rings of, 1081
development of, 1100
fibro-elastic membrane of, 1081

mucous glands of, 1082
membrane of, 1082

muscle of, 1081
relations of, 1079
structure of wall of, 1081
surface and surgical anatomy of, 1388, 1402
thoracic part of, 1080

Tracheal arteries, 911
cartilages, 1081

Tracheotomy, highj 1388
low, 1388

Tracts or Tractus, see also under Spinal
medulla

antero-lateral, 535
bulbo-spinal, 537, 538
bulbo-thalamic, 591

Burdach, 531, 533, 537, 547, 559
callosal, crossed, 631
central tegmental, of pons, 568
cerebellar, 536, 537, 546, 563, 578

sensory, 538, 546
cerebello-olivary, 556, 560
cerebro-pontine, 566
cerebro-spinal, lateral (crossed pyramidal),

338, 545, 557, 565
cerebro-sj^inal, anterior (direct pyramidal),

536, 539, 545
in cerebral hemispheres, 642, 643
in internal capsule, 642
in medulla oblongata, 538, 545
in pons, 565

circum-olivary, 557
of corpus trapezoideum, 567
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Tracts or Tractus (contd.), cortico-poutine, 653
fronto-poutine, in internal capsule, 642'

of Gowers, 535, r)36, 546
gracilis, 533, 547, 559
ilio-tibial, 404

surface anatomy of, 1461
interfascicular, 533, 587
of k-mniscus, 568, 570, 585, 586
medial longitudinal, 562, 568, 570, 588
myelinisation of, 532, 533
olfactory, 623

lateral root of, 624
medial root of, 560
structure of, 623

olivo-spinal, 538
optic, 619

cerebral connexions of, 620
commissural til)res of, 619
efferent fibres of, 619
lateral root of, 620
medial root of, 619

l)Ostero-lateral (of Lissauer), 534
proprins, 537
rubro-spinal, 538, 588
septo-marginal descending, 535
solitarius, 597
spinalis of trigeminal nerve, 547, 601

spino-tectal, 537
spino-thalamic, 535, 537, 562, 591
spiralis foraminosus, 844, 845
superficial, antero-lateral, 536, 546
tecto-spinal, 537, 562
temporo-pontine, 653
thalamo-olivary, 556
vestibulo-spinal, 537, 538

Tragicus muscle, 829
Tragus, 828
Transpyloric plane, 1411

Transvei-se artery of basilar, 907
cervical artery, 911

carpal articnlation, 330
fissure of brain, 604
humeral ligament, 321

intermetacarpal ligament, 332
ligament of acetabulum, 339

of knee, 348
metacarpal ligaments, 333
metatarsal ligament, 360
perineal ligament, 338
processes of vertebrae, cervical, 90, 92, 93

lumbar, 90
sacral, 98
surgical anatomy of, 1393
thoracic, 93, 94

sc^ipular artery, 911
ligaments, superior and inferior, 320
vein, 911

tarsal articulation, 357
vesical fold, 1283

Transvei-salis fascia, 475
Transversus abdominis muscle, 480

auricuhe muscle, 830
perinei profundus muscle, 488

superhcialis muscle, 487
thoracis muscle, 470
of tongue, 463
vaginie muscle, 489

Trapezius muscle, 365
surgical anatomy of, 1437

Trapezoid ligament, 319
ridge of clavicle, 199

Traube, semilunar space of, 1418

Triangle of auscultation, 367
carotid, 1390, 1391
digastric, 1390, 1391
epigastric, 1397
femoral, 414
of Hesselbach, 483, 1235, 1408
lower carotid, 1393
lumbar, 478

of Petit, 367
surgical anatomy of, 1437

of Macewen, 126, 168
medial supracondylar, 1447
rectal, of perineum, 1427
submental, 1387
suboccipital, 444
supramarginal, 1359
suprameatal, 126, 168
urogenital, 1427

Triangles of neck, 1387
Triangular ligament of liver, left, 1 196

right, 1196
Triangularis (oris) muscle, 451
Triceps brachii muscle, 381

surgical anatomy of, 1437
surte muscle, 428

Tricuspid area, 1405
orifice, 874, 877

surface anatomy of, 1405
valve, 877

Trigeminal nerve, 771
development of, 683
main sensory nucleus of, 600
mesencephalic root of, 601

nature of, 602
motor nucleus of, 601
sensory root of, 600
tractus spinalis of, 601

Trigonum acustici, 551
collaterale, of lateral ventricle, 636, 637
femorale, 414, 1291
habenulae, 611, 614
hypoglossi, 551, 594
olfactorium, 623
vagi, 551
vesiciTj, 1277

Triquetral bone of hand, 219
morphology of, 295
ossification of, 223

Trochanter major, 241, 1455
minor, 242
tertius, 242, 281

Trochlea, 206
of humerus, 208
of superior oblique muscle, 453
tali, 254

Trochlear fossa, 117
nerve, 770
development of, 683
nucleus of, 602

spine, 117
surface, 204, 208

Trochoid rotatory joint, 301
Trolard, anastomotic vein of, 971
Troltsch, recesses of, 842
Trophoblast, 21
Trunci lumbales (lymphatic), 997
Truncus corporis callosi, 630

costo-cervical, 914
intestinal, 997, 1210
jugular lymphatic, 998
lumbo-sacral, 727 •

subclavius, 998
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Truncus symijathicus, 753
Trunks of brachial plexus, 700, 742

of sacral plexus, 720, 727, 742
Tubal artery, 928
Tube, auditory, 44, 50, 52, 176

neural, 33
uterine, 1314

Tuber ; Tuberculum or Tuberositas ; Tubercle

or Tuberosity

—

accessory, 96
adductor, 242, 245

surgical anatomy of, 1461

amygdaloid, 636
anterior of the atlas, 91

helicis, 52, 828
thalami, 611
vertebrarum cervicalium, 90

anthelicis, 52, 828
antitragicum, 52, 828
articular, of temporal bone, 125

of atlas, 91

of the auricle, 828
auriculae Darwinii, 828
calcanei, 259
caroticum, 1395
cinereum, 541, 547, 615
development of, 34

cloacal, 1328, 1336
coracoid, of clavicle, 199

comiculate, of larjnix, 1069
of Wrisberg, 1069

costal, of clavicle, 199
of cuboid, 263
cuneat€, 647
cuneiform, 1069
deltoid, 207

of clavicle, 198
dental, 1114
dentis, 1114
dorsal, of radius, 1450
epiglottic, 1069
of femur, 241, 242, 243
of fifth metacarpal bone, 226, 1451
of fifth metatarsal, 267
frontal, 115

genital, 78, 1328
of humerus, 204, 206, 207
iliaca, 230
impar, 45, 46
infraglenoidal, 201

intercondyloid lateral, 247
medial, 247

intermedium helicis, 828
intervenosum, 875
of ischium, 232

surgical anatomy of, 1455
jugular, 122
labial, 1109
lobular, 52, 828
majus humeri, 206
maxillary, 147, 148
mental, 155

minus humeri, 206
of navicular bone of hand, 218

surgical anatomy of, 1451

of foot, 261
surgical anatomy of, 1464

obturatorium anteiius, 234
posterius, 234

olfactory% 623
omentale hepatis, 119S

pancreatis, 1206

Tuber ; Tuberculum or Tuberositas ; Tubercle
or Tuberosity {contd.)—

papillare hepatis, 1192
jDarietal, 118
peroneal, 1464
pharyngeal, 123, 176, 179
posterius atlantis, 91
vertebrarum cervicalium, 90

post-glenoid, 126, 278
pterygoid, 138, 175
pubicum, 233, 237
for the quadratus, 240
of radius, 215
of rib, 109, 111, 112
of Santorini, 1069
scalene. 111

supraglenoidal, 201
supratragicum, 52, 828
of talus, 254
of tibia, 246, 248
tragicum, 52, 828
ulnae, 210
vermis cerebelli, 575
vertebrarterial, 1395
of Wrisberg, 1069
of zygoma, 153

Tubercular point of hip, 1455
process of vertebra, 284

Tubes, bronchial, in lung, 1097
dentinal, 1045, 1247

Tubular glands, 1132
Tubules of kidney, 1266

of par-oophoron, 1316
Wolffian, 1328

Tubuli recti testis, 1288
renales, 1266

seminiferi contorti, 1288

Tunica albuginea, 1288, 1300
of corpus cavemosum penis, 1300

conjunctiva bulbi, 823
palpebrarum, 823

dartos, 1298
externa or adventitia of arteries, 868

of lymph vessels, 994
of veins, 869

fibrosa of kidneys, 1257
interna or intima of arteries, 868

of lymph vessels, 994
of veins, 869

media of arteries, 868
of lymph vessels, 994
of veins, 869

mucosa linguae, 1129
tubae auditivae, 838
tympanica, 842

serosa, 1234
vaginalis, 1287
vasculosi oculi, 810, 814

Tunnel of Corti, 850
Tympanic antrum, 834, 836, 1369, 1371

aditus of, 834, 1369
develoj^ment of, 133
relation of, to supra-meatal triangle, 1369

to tyini^anum, 834
surgical anatomy of, 1369

arteries, anterior, of internal maxillary, 898
inferior, of pharyngeal ascending, 896

of internal carotid, 902

posterior, of stylo-mastoid, 895

superior, of middle meningeal, 898

attic, 832, 1368, 1369
canal, 129
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Tympanic cavity, 52, 191, 192, 832

atrium ol', 832
danger of injury to lateral semicircular

duct in, 1371

development of, 842
facial nerve in, 1371

formation of, 842
membrana tympani secundaria of, 833
mucous meml)rane of, 842
muscles of, 841
nerves of, 842
opening of, 1371
orifice of auditory tul)u in, 750
j)ouch of Prussak, 842
promontory of, 832
pyramid of, 834
recesses of Troltsch, 842
recessus epitympanicus of, 832, 1368

relation of, to tympanum, 834
surgical anatomy of, 1368
vessels of, 842

walls of, 832
carotic, 834
Jugular, 832
labyrinthic, 832
mastoid, 834
meml>ranous, 834
tegmental, 832

groove, 834
membrane, 834

folds of, 835
paracentesis of, 1368
surgical anatomy of, 1367
triangidar cone of, 835

nerve, 836
ossicles, 838
part of temporal bone, 127, 132, 133

ossification of, 132, 133
sexual difference in, 194

]>late, fibrous, 831

l)lexus, 759
ring, 133

Tympano-hyal, 132
Tympano-niastoid fissure, 127
Typical segmental nerve, 692

Ulna, 210
architecture of, 272
connexions of, 213
homology of, 295
ossification of, 213
surgical anatomy of, 1449, 1451
variations in, 280

Ulnar artery, 921
• c.llateral artery, 899
furrow, 213
nerve, 708
notch, 216
veins, 977

Ulnare, a';, 295
Ultimo-branchial bo<ly, 44, 1352
Umbilical arteries, 65J^ 939

cord, 55
fissure, 1191

tassa, 1191

notch, 1191

region, 1411

vein, 1036, 1037

vesicle, 22, 53

zone, 1411

Umbilicus, development of, 39
primitive orifice of, 38

Umbo mernbrante tymjiani, 835
Uncinate process of ethmoid, 141

of pancreas, 1205
Uncus, 629
Ungual i)halange8 of fingers, 227

surgical anatomy of, 1444
of toes, 268

Ungues, 858
Urachus, 48, 1283, 1332
Ureter, 1268

al)dominal part of, 1268
caliljre of, 1270
development of, 1331
in female, 1270

surgicjil anatomy of, 1434
orifice of, 1277, 1278, 1428
pelvic part of, 1269
jjosition of, 1426
posterior position of, 1437
structure of, 1270
surgical relations of, 1426
variations in, 1271
vessels and nerves of, 1271

Ureteral artery of internal sijermatic and
ovarian, 928

of renal, 927
Urethra, 1284

bulb of, 1308
cavernous part, 1304, 1308, 1309
crista urethralis of, 1284, 1303, 1306

male, 1306
development of, 1333, 1334
external orifice of, 1284

surgical anatomy of, 1427
female, 1284
development of, 1333

fossa navicularis urethras, 1308
glands of, 1285, 1304, 1309
internal orifice of, 1277, 1278
lacunae of, 1285, 1309
male, 1304

surgical anatomy of, 1428
membranous part, 1304, 1307

surgical anatomy of, 1427
para-urethral duct of, 1285
prostatic part, 1304, 1305
rupture of, 1427
structure of, 1285, 1309
surgical anatomy of, 1427
utriculus prostaticus, 1306

Urinary bladder, 1271, 1278
capacity of, 1277
development of, 1328, 1332
distended, 1276
empty, 1275
in female, 1278
in infant, 1279
interior of, 1277
urachus of, 1280, 1283
ureteral orifices of, 1278
urethral orifice of, 1273, 1274

Urogenital canal, 1329
cleft, 1336
diaphragm, 489, 491

relation of, to fascia of pelvis, 489, 491
fissure, 1336
organs, development of, 1327
space, 1335
system, 1257
triangle of perineum, 1427

Uterine artery, 928
of ovarian, 928
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Uterine artery (contd.), surgical anatomy of,

1435
decidua, 57
glands, 1230
plexus, 765, 766
tube, 1310, 1314
abdominal ostium of, 1314
amiHiUa of, 1314
appendices vesiculosi of, 1316
development of, 1335
fimbriae of, 1314
infundibiilum of, 1314
isthmus of, 1314
mesosalpinx of, 1314
nerves of, 1315
ovarian fimbria of, 1314
pars uterina of, 1315
plicae of, 1315
structure of, 1315
surgical anatomy of, 1436
uterine ostium of, 1315
vessels of, 1315

veins, 985
venous plexuses, 985

Utero-sacral ligaments, 1318
Utero-vesical fold, 1317

pouch, 1238, 1317
Uterus, 1316

age differences in, 1320
anteflexed, 1319
anteverted, 1319
arbor vitee of, 1317
body of, 1316
broad ligaments of, 1238

surgical anatomy of, 1434
cavity of, 1317
cervical canal of, 1317

ganglion of, 1321
cervix of, 1316
connexions of, 1317
development of, 1335
at different ages, 1320
external orifice of, 1316
fundus of, 1316
glands of, 1320
horns of, 1320
internal orifice of, 1317
intestinal surface of, 1316
lips of cervix, 1316
lymph vessels of, 1321
masculinus, 1306
in menstruation, 1320
nerves of, 1321
orifice, external of, 1317

internal of, 1316
periodic changes in wall of, 1320
peritoneal relations of, 1317
plicae palmatae of, 1317
position of, 1319
pregnant, 1321
relations of, 1319
retroverted, 1319
round ligament of, 1319
septum of, 1320
structure of, 1320
supra-vaginal part of cervix, 1316
surgical anatomy of, 1434, 1435
vaginal part of cervix, 1316
variations in, 1320
Vesical surface of, 1316
vessels and nerves of, 1321

Utricle, 846

Utricle (contd.), development of, 52
macula acustica of, 846, 857
recessus of, 846
sinus superior of, 846

Utriculus prostaticus, 1292, 1306
Uvula cerebelli, 576

palatina, 1111
vesicae, 1277

Vagina, 1321
bulbs of, 1326
carina urethralis of, 1323
carunculae hymenales of, 1322
columns of, 1323
development of, 1335
digital exploration of, 1435
examination of, 1435
fornix of, 1321
hymen of, 1322
introitus of, 1325
lymph vessels of, 1324
mucous membrane of, 1323
muscular coat of, 1323
nerves of, 1324
orifice of, 1325
relations of, 1322
rugae of, 1323
septum of, 1320
structure of, 1323
variations in, 1320
vessels and nerves of, 1324
vestibule of, 1325

Vagina mucosa intertubercularis n'lusculi bi-

cipitis brachii, 380
musculi recti abdominis, 482
nervi optici, 808
processus styloidei, 127
tendinis musculi extensoris carpi ulnaris, 384

digiti quinti, 384
haUucis longi, 431
pollicis longi, 384

flexoris hallucis longi, 431
pollicis longi, 390

peronaei longi plantaris, 426
tibialis anterioris, 424

posterioris, 431
tendinum digitalis, 388, 389

pedis, 430
musculi extensoris digitorum jjedis longi,

425 .

flexoris digitorum pedis longi, 430
musculorum abductoris longi et extensoris

brevis pollicis, 383
extensoris digitorum communis et ex-

tensoris indicis, 384
extensorum car2)i radialium, 384
peronaeorum communes, 423

Vaginal artery, 939, 1324
ligaments, 384
plexus, 766, 985
process of temporal bone, 127, 177
sphenoid bone, 177

veins, 985
venous plexuses, 985

Vagus nerve, 786, 788
abdominal branches, 789
auricular branch of, 788
cardiac nerves, inferior, of vagus, 789

superior, of vagus, 789
communications of, 788
development of, 684
lingual branch of, 788
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Vagus nerve (contd.), meuiugeal branch of, 788
nuclei of, 596

'

I)]iaryngc;il luanch of, 788
superior laryngeal nerve, 788

external branch of, 788
internal branch of, 788

thoracic branches, 789
Vallate papilhe, 1127

valluni of, 1127

Vallecula, 574
ci-rebelli, 1126
epiglottica, 1068

Valve or Valves, anal, 1230, 1231

aortic, 878
cusp of, 878

of Beraud, 825
of colon, 1214, 1215

lips of, 1214
position of, 1214

structure of, 1214
surface anatomy of, 1421, 1443

of the coronary sinus, 875
fossre navicularis, 1309
of Hasner, 825
of heart, positions of, 1405
ileo-c;«cal, 1215
of the inferior vena cava, 875
lunule of, 877
of lymph vessels, 994
n)itral, 878
pulmonary, 877
processus, vermiforniis, 1216
pyloric, 1166, 1173, 1174
rectal, 1230, 1231

semilunar, 877
sinus coronarii, 875
spiral, of gall-bladder, 1201

structure of, 1202
tricuspid, 871
of veins, 869
venae cavae inferioris, 874, 875
venous, of heart, 1032

\'as afferens renis, 1267
efferens renis, 1267
prominens, 849
spirale, 849

Vasa aberrantia, 1055
cfferentia testis, 1288
intestini tenuis, 932
sanguinea retina?, 818
vasorum, 870

Vascular area, 64
system, 64, 867

abnormalities of, 1050
blood, 867
development of, primitive, 63
divisions of, 870
lymph, 867
morphology of, 1042, 1048
primitive, 65, 1025

Vastus intermedins muscle, 409
lateralis muscle, 407
medialis, 408

Vein or Veins ; Vena or Vena.', 958
abnormalities of, 1058
advehentes, 1037
allantoic, 68
alveolar, 968
anal, 984
anastomotic, posterior, 971

great, of Trolard, 971

angular, 965

Vein or Veins (contd.)—
anonyms? dextra et sinistra, 962
anterior pyloric, of Mayo, 1416
appendicular, 1421
aquajductus vestiljuli, 853
arciform, of kidney, 1267
auditory, internal, 853
auricular, anterior, 830, 967

posterior, 967
axillary, 977

abnormality of, 1447
development of, 1042
relations of, 977
surface anatomy of, 1447
tributaries of, 978

azygos, 960
abnormality of, 1058
development of, 1041
morphology of, 1049

basal, 971
basilic, 979

abnormalities of, 1059
development of, 1042
morphology of, 1050
surface anatomy of, 1447, 1448

basis of vertebrae, 976
of bones, 87
brachial, 977
of brain, 970
bronchial, anterior, 961

posterior, 961
morphology of, 1049

canaliculi cochleae, 965
canalis pterygoidei, 968
capillary, 867
cardiac, anterior, 960

great, 959
inferior, 960
middle, 960
oblique, of left atrium, 960
small, 959
smallest, 960

cardinal, anterior, 69, 1038
morphology of, 1049

posterior, 69, 1041

cava inferior, 980, 983, 1042
abnormality of, 1058
development of, 70, 1041
fossa of, 1192, 1195
morphology of, 1049
orifice of, 873, 875
surface anatomy of, 1426

superior, 960
abnormality of, 1058
development of, 70, 1035, 1036
morphology of, 1049
orifice of, 873, 874
surface anatomy of, 1405

centralis retinae, 818
cephalic, 978

abnormality of, 1059
development of, 1043
morphology of, 1050
surface anatomy of, 1448

cerebellar, 971
deep, 971

cerebral, 970, 97

1

anterior, 971
basal, 971
deep, 971

middle, 971
inferior, 971
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Vein ur Veins (contd.)—
cerebral (contd.), magna Galeni, 674, 976

sujjerficial, 971
middle, 971

superior, 971
cervical, transverse, 967
cervical, deep, anterior, 963

posterior, 963
transverse, 967

chorioid, 970
ciliary, 814
circumflex iliac, deep, 988

superficial, 989
colic, left, 992

middle, 992
right, 992

comitans, 959, 1049, 1059
conjunctival, 824
coronaria ventriculi, 991, 998
of corpus striatum, 970
of cranium, 969-976
cystic, 990, 992
deep, of trunk and limbs, 963
development of, 1035
digital, of foot, 988

morphology of, 1049
of hand, 978

diploic, 969
frontal, 969
occipital, 970
temporal, 969

dorsal, of clitoris, 942
linguae, 965
of penis, 985

deep, 985
superficial, 985

duodenal, 992
elastic layer of, 869
emissary, 975

parietal, 968
endothelium of, 869
epigastric, inferior, 988

superficial, 986
superior, 968

of extremities, development of, 1042
facial, anterior, 965

surface anatomy of, 1391
common, 965

surface anatomy of, 1392
posterior, 968

deep, 965
femoral, 986
morphology of, 1049
tributaries of, 987

of forearm and arm, superficial, 978
frontal, 967, 969
gastric, right, 992
gastro-epiploic, 992
gluteal, inferior, 984

superior, 984
great cerebral, 970
hsemorrhoidal, inferior, 984

(media), 984
superior, 992

of head and neck, 964
of heart, 959
morphology of, 1048

hemiazygos, 961, 1041, 1049, 1058
accessoria, 961, 1041, 1049, 1058

hepatic, 982
abnormalities of, 1058
development of, 1037

Vein or Veins (conld.)—
hepatic (contd.), morphology of, 1049

interlobular, 1200
sublobular, 1200

hypogastric, 984
development of, 1040, 1041
morphology of, 1048

ileo-csecal, 990
ileo-colic, 990
iliac, common, 983

abnormalities of, 1059
development of, 1041
left, 983
morphology of, 1048
right, 983
surface anatomy of, 1427
tributaries, 983

external, 986-988
ilio-lumbar, 983
infra-orbital, 968
innominate, 962

left, 962
development of, 1040
morphology of, 1048

right, 962
development of, 1040

intercostal, 961
anterior, 961
left superior, 961

development of, 1041
morphology of, 1048

posterior, 961
first left, 961
first right, 961
right superior, 963
morphology of, 1049

right superior, 961
interdigital, of foot, 954

of hand, 924
interlobar, of the kidney, 1267
interlobular, hepatic, 982

of the kidney, 1267
internal cerebral, 970
interosseous, of hand, 978
interventricular, inferior, 960
intervertebral, 976
intestinal, 992, 1210
jugular, anterior, 967

abnormalities of, 1058
external, 966

abnormalities of, 1058
development of, 1040
surgical anatomy of, 1394

internal, 964
abnormalities of, 1058
bulb of, 964
development of, 1040
morphology of, 1049
surgical anatomy of, 1391

posterior external, 966
primitive, 1040

labial, 1109
of large intestine, 992, 993
lingual, 965, 1130

surgical anatomy of, 1382
of liver, 980, 990
of lower limb, 985

abnormalities of, 1060
deep, 986
development of, 1042
morphology of, 1050
superficial, 988, 990
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Vein or Veiua (contd.)—
of lower limb, superficial (contd.), develop-

ment oi; 1042
lumbar, 982

abnormalities of, 1059
development of, 1041
morphology of, 104!)

ascending, 961, 982
lymph vessels of, 870
magna cerebri, 970
mammary, internal, 9G2, !)77

mandibuliir, 993
masseteric, 965
maxillary, internal, 968
morphology of, 1049

median, of bulb, 972
anterior, 972
antibrachii, 980
abnormalities of, 1059
development of, 1042
surgical anatomy of, 1450

liasilic, 979, 980
surgical anatomy of, 1450

cephalic, 980
abnormalities of, 1059

culdtal, 979
surgical anatomy of, 1450

of forearm, 980
posterior, 972

mediastinal, 961, 963
of medulla oblongata, 972
meningeal, 970
mesenteric, inferior, 992

morphology of, 1050
superior, 992

tributaries of, 992, 993
morphology of, 1050

metacarpal, dorsal, 978
of mid-brain, 971
minimai cordis, 960
morphology of, 1048
muscle-fibres of, 869
musculo-phrenic, 963
nasal, 806
nerves of, 870
of the nose, 988
obliqua atrii sinistri (Marshalli), 70, 872,

960
obturator, 984
occipital, 967, 970
ojsophageal, 1155
ophthalmic, inferior, 968

superior, 968
of orbit, 968
ovarian, 1048

abnormality of, 1058
morphology of, 1049

palatine, posterior, 965
palpebral, 824
pancreatic, 1208
pancreatico-duodenal, 1 208
parotid, 965, 1137
pharyngeal, 965

canal, 968
phrenic, 982

of the pons, 971
popliteal, 986

abnormalities of, 1060

ported, 990
branches of, 991

capillaries of, 990
development of, 1037

Vein or Veins (contd.)—
portal (contd.), morphology of, 1049

primitive development of, 1026
sinus of, 990
surgical anatomy of, 1416
tributaries, 991

primary head, 1039
primitive head, 69
profunda clitoridis, 984

penis, 984
pterygoid, 968
of pterygo-palatine region, 968
pterygo-palatine, 968
pubic, 988
pudendal, internal, 985

superficial, 988
pulmonary, 109, 958
development of, 1050
morphology of, 1050
orifices of, 875
relations of, 958

pyloric, 992
morphology of, 1049

radial, 919
abnormalities of, 1059
development of, 1042
morphology of, 1050

radicular, of medulla oblongata, 972
ranine, 965, 1130

surgical anatomy of, 1383
of rectum and anus, 1233
renal, 982

abnormalities of, 1059
development of, 1040
morphology of, 1049

revehentes, 1037
sacral, 983

middle, 983
saphena magna, 988, 989

abnormalities of, 1060
development of, 1043
morphology of, 1050

parva, development of, 1043
morphology of, 1050

surgical anatomy of, 1459, 1463
of scalp, 967

surgical anatomy of, 1357
scapular, transvei-se, 967
sciatic, 984
of scrotum, 1298
segmental, 1048, 1049
sigmoid, 993
special dorsal digital, 978
special volar digital, 978
spermatic, 983

abnormalities of, 1059
development of, 1040
surgical anatomy of, 1430

spheno-palatine, 968
spinal, 977

longitudinal, anterior, 977
posterior, 977

of spinal medulla, 977
splenic, 992
sternal, 963
of stomach, 991, 992
striate, inferior, 971
structure of, 869
subcardinal, 1041
subclavian, 965

abnormalities of, 1059
development of, 1040
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Vein or Veins (contd.)—
subclavian (contd.), morpliology of, 1050

relations of, 965
surgical anatomy of, 1395
tributaries of, 966

superficial, of trunk and limbs, 978, 988
supra-orbital, 967
suprarenal, 982

abnormalities of, 1059
development of, 1040

systemic, general arrangement of, 959
temporal, deep, 968

anterior, 969
posterior, 969
superficial, 967

terminalis, 674, 970
testicular, 983
thyreoid, inferior, 964

morphology of, 1050
surgical anatomy of, 1389

middle, 965
superiores, 965

tibial, anterior, 986
joosterior, 986

tonsillar, 1147
transverse cervical, 967

scapular, 967
tunica externa of, 869

intima of, 869
valves of, 869

media of, 869
tympanic, 842
ulnar, 977
development of, 1042
morphology of, 1050

umbilical, 68
impar, 66, 68, 1037
lateral, 66, 1036

development, 1036
of upper limb, 977

abnormalities of, 1059
deep branches of, 977
development of, 1042
morphology of, 1050
superficial branches of, 978

abnormalities of, 1058
uterine, 985
vaginal, 985
valves of, 869
of vertebrae, 976
vertebral, 963, 976
vesical, 1284
vessels of, 870
vestibular, 853
visceral, 1049
morphology of, 1049

vitelline, 56
vitello-umbilical, 69
vorticosa3, 808

Velum, anterior medullary, 549, 569
development of, 33

palatinum, 1111
posterior medullary, 576

Vena azygos, 960
cava, inferior, 980

relations of, 980
tributaries of, 981

Venous arch, dorsal, of foot, 988
of hand, 918

transverse, of foot, 989
ligament (Arantius) of liver, 1196
sinuses of cranium, 969

INDEX.

Venous sinuses of cranium, development of, 1039
system, portal, 990

primitive development of, 68
valves of heart, 874, 875

Ventral aorta, 1026, 1027
Ventricles, cerebral, development of, 514, 517

fourth, 36, 549
acoustic area of, 551
area postrema of, 551
calamus scriptorius of, 550
chorioid plexuses of, 674
eminentia medialis, 551
floor of, 550
fossa rhomboidea of, 550
fovea, inferior of, 550

superior, of, 551
funiculus separans of, 551
lateral apertures of, 553

recess, 549
locus cceruleus of, 551
medial apertures of, 553
obex of, 579
roof of, 549, 578
striae medullaris of, 550
substantia ferruginea of, 551
tegmen of, 549
trigonum acustici of, 551

hypoglossi of, 551
vagi of, 551

lateral, 621, 632
anterior cornu of, 632, 634
body of, 633
chorioid plexus of, 636
cornu posterius, 633, 635

bulb of, 635
calcar avis of, 635

development of, 621
eminentia collateralis of, 636
floor of, 636
foramina of, 621, 632
hippocampus of, 636
horns of, 633, 635

surgical anatomy of, 1359
inferior cornu of, 633, 635
nuclei of, 635, 636, 637, 638, 639
pars centralis of, 633, 634
shape of, 633
trigonum of, 636

third, 616
anterior wall of, 617
chorioid plexus of, 674
floor of, 616
foramina of, 618
infundibulum of, 616
development of, 616

massa intermedia of, 617
recessus opticus of, 618

pinealis of, 618
suprapinealis of, 618

roof of, 617
side wall of, 617
sulcus hypothalamicus, 618
tela chorioidea of, 617
walls of, 617

of heart, 876
development of, 1032
left, 877

aortic orifice of, 878
valve, 878

mitral cusps of, 878
orifice of, 878
valve of, 878
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Ventricles oF lieart (contd.), muscle of, 878 :

right, 876, 877
atrio-ventricular orifice of, 877

chortUe tendinetc of, 877

conns arteriosus of, 876
infundiljuluni of, 876
moderator hand of, 877
musculi papillares of, 877
pulmonary orifice of, 877

valve, 877
trabeculio earnest', 877
tricuspid valve, 877

septum of, 876
ahnormality of, 1051

development of, 1032

of larynx, 1071
^'Utricular septum of heart, 876, 898
Ventriculus terminalis of spinal medulla, 526

Vermiform process, 1215
in aninuals, 1217
blood-vessels of, 1217, 1421

cavity of, 1216
development of, 48
at different ages, 1216
lymph nodules of, 1217

vessels of, 1217
mesenteriolum of, 1216
morphology of, 1217
orifice of, 1216
position of, 1421
size of, 1216
structure of, 1217
surgical anatomy of, 1421

valve of, 1216
vessels of, 1217

Vermis cerebelli, 572, 574
Vernix caseosa, 862
Vertebra or Vertebrie, 87

accessory process of, 96
anticlinal, 101
arch of, 88
architecture of, 81

articular pi-ocesses, 89
cervical, 90, 91

characteristics of, 90
coccygeal, 88, 99

ossification of, 106
common characters of, 88
epiphyses of, 104
false, 85
fifth lumbar, 96
fixed, 88
furcalis, 276
lamiuie, 89
lumbar, 95

characteristics of, 95
mamillary processes of, 96

movable, 88
ossification of, 104
prominens, 93
pseudo-sacral, 284
relation of, to spinal medulla, 519
important structures to spines of, 1442,

1443

to spinal nerves, 678
sacral, 96-98

ossification of, 104

serial homologv of, 283
special (9th, lOth, 11th, 12th), 94

thoracic, 93
characteristics of, 93

true, 88

Vertebra or Vertebra; {contiL), typical, 88

variations in, 275
veins of, 963

Vertebral aponeurosis, 365
arch, 88
arterial tubercle, 1395
artery, 910
border of scapula, 199

bow, 103
canal, 88
development, early, of, 29
membranous, 29

column, 87
articulation of, with cranium, 310

canal of, 102

cartilaginous, 103
curves of, 100
development of, 102
intervertebral foramina, 102

length of, 102

ligaments of, 305
membranous, 29, 102

movements of, 309
surgical anatomy of, 1442, 1443
variations in, 275
as a whole, 100

foramen, 88
formula, 88
line of pleural reflexion, 1086
plexus, 759
vein, 963

Vertebrarterial foramen, 88, 89, 90
serial homology of, 283
variation in, 275

Vertebrate theory of skull, 293
Vertebro-chondral ribs, 109
Vertebro-sternal ribs, 109
Vertex, 285
Vertical plate of palate bone, 150
Vesalius, foramen of, 136
Vesica fellea, 1201

fossa for, 1191
urinaria, 1271
body of, 1274
fundus of, 1274
internal urethral orifice of, 1273
peritoneal relations of, 1272
position of, 1272
vertex of, 1274

Vesical arteries, 939
inferior, 939, 1284, 1295
middle, 939
of obturator, 940
superior, 1284, 1295

plexus of nerves, 766
venous, inferior, 985

superior, 985
Vesicle, auditory, 506

cerebral, 514
germinal, 22
optic, 825
otic, 51, 853

recessus labyrinthi of, 853
umbilical, 55

Vesico-vaginal artery, 939
Vesicula seminalis, 1286, 1290, 1295

development of, 1327, 1336
structure of, 1286
vessels of, 1289

Vestibular area, 846
ganglion, 785
gland, greater, 1326, 1327
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Vestibular gland {contcL), lesser, 1326
nerve, 853

Vestibule or vestibuluni, aortic, 843
bulb of, 1326

pars intermedia of, 1326
btirsae omentalis, 1239
of labyrinth, 843

aqueduct of, 843
crista of, 843
development of, 853
fissura of, 844
lamina spiialis ossea of, 844

secundaria, 844
macula cribrosa of, 84
pyramis vestibuli, 843
recessus cocblearis of, 843

ellipticus of, 843
sphericus of, 843

of larrax, 1069
of mouth, 1107
nasi, 802
oris, 1106
vaginae, 1325

bulb of, 1326
glands of, 1326

Vestigial fold of Marshall, 882
of pericardium, 872, 882

Vibrissae, 802
ViUi, absorbent, 59

anchoring, 59
arachnoideal, 672
chorionic, 54
intestinal, 1179

. primary chorionic, 53, 58
secondary chorionic, 58

Vincula accessoria, 430,
brevia, 389

of flexor digitorum longus, 430
digitorum profundus, 389

' sublimis, 388
longa, 389
tendinum, 388

Visceral arches, 42
clefts, 42, 46
intermediate arteries, 1043, 1046
veins, 1049

Visual areas and fibre tracts, 658
purple, 815

Vitelline body, 14

duct, 48, 55
membrane, 13
veins, 66

Vitello-intestinal duct, 38, 48, 55
Vitellus, 14
Vitreous body, 819

arteria hyaloidea, 819
canalis hyaloideus of Stilling, 819
composition of, 819
development of, 826
fossa patellaris of, 819
hyaloid fossa of, 819
membrane of, 819
spatia zonularia, 819
zonula ciliaris of, 819

Vocal folds, 1070
Voice, organs of, 1061
Volaris profunda artery, 923

superficialis artery, 922
Vomer, 144

alae of, 144
architecture of, 271
connexions of, 147

Vomer (contd.), ossification of, 144
variations in, 279

Vomerine cartilage, 801
Vulva, 1324

anterior commissure of, 1324
bulbus vestibuli of, 1326
clitoris of, 1326
development of, 1335
fossa navicularis of, 1325
frenulum clitoridis of, 1326
labia majora of, 1324
minora of, 1324

mons Veneris of, 1324
nerves of, 1324
posterior commissure of, 1324
prseputium clitoridis of, 1326
surgical anatomy of, 1436
urogenital space of, 1325, 1328, 1336
vessels of, 1326
vestibular glands of, 1326, 1327
vestibule of, 1326

Wagner, corpuscles of, 865
Walking, movements of, 436
Wallerian degeneration, 532
Weight of the brain, 667

of the heart, 880
Wharton, duct of, 1138

surgical anatomy of, 1383
White line of anus, 1232

of pelvis, 491, 493
White matter of cerebellum, 516

of cerebral hemispheres, 647, 653
development of, 503, 505

of medulla oblongata, 557, 560, 562
of spinal medulla, 531, 539

WiUis, circle of, 908
Windpipe, 1078
Wing, of sphenoid, orbital, 135

temporal, 136
Wirsung, duct of, 1206
Wisdom teeth, 1114, 1118
Woieaan body, 1329

duct, 1329
glomeruli, 1329
ridge, 39
tubules, 1329

Womb, 1316
Wormian bones, 145, 277, 278
Wounds of the scalp, 1357
Wrisberg, ganglion of, 790
Wrist, arterial arches of, 920, 922, 923

bones of, 217
ligaments of, 329
movements at, 334
synovial sheaths at; 388, 389

Wry neck, 1390

X-ra^ examination of the stomach, 1173
Xiphisternal joint, 316

surface anatomy of, 1397, 1407
Xiphoid artery, 914

cartilage, 108
Y-shaped ligament of Bigelow, 340
Yellow marrow, 83
Yolk, 14

nutritive, 14

sac, 38, 48, 55
<

Zahnleiste, 1245
Zona arcuata, 850

fasciculata of suprarenal gland, 134G
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Zona glomerulosa of suprarenal gland, 1346
orliicularis of hip-joint, 340 ;

pectiuata, 850
pellucida, 11

reticularis of suprarenal glaml, 1346
striata, 11

Zones, alxloiuinal, 1411

costal, 1158
epigastric, 11 "jQ

hypochondriac, 1159
hypogastric, 1158, 1159
iliac, 1159
lunil.ar, 1159
umbilical, 1158, 1159

Zonula ciliaris, 819-

Z}'gapoj)hyses, 283
of vertebr;e, 89, 284

Zygomatic arch, 167, 169
surface anatomy of, 1364, 1365, 1367,

1375
bone, 153

architecture of, 271

Zygomatic bone (cotitd.), connexions of, 154

ossification of, 154
processes of, 153
relation of, to orbit, 162, 164
tuberosity, 153
variations in, 279

centre, 150
crest, 137, 154

fossa, 168, 175
head of (juadratus labii siiperioris muscle,

451
lympli glands (anterior auricular), 998
neives, of facial, 784

of maxillary, 778
process, 148

Zygomatico-facial canal, 154

Zygomatico-orbital artery, 897
canal, 154

Zygomatico-temporal canal, 154

Zygomaticus muscle, 451
actions of, 452

Zygote, 13, 16

THE END

y-

PrinUd in Great Bn'tain ly R. & R. Clakk, Limited, Edinburgh.
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